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An Alerting Wireless Sensor System for Long
Period of Immobilized Elderly in a Residential
Room

Nilamit Nilas

Abstract— This paper presents a low cost wireless sensor apartment or condominium.

network system which is developed to be an alertingystem for
relatives or caregivers when the elder is immobiléor a long

period. The alerting signal is sent via the Internelink and a

mobile phone. Remote transducers capture input sigh from

the mobility subject. If the target subject has imnobilized

behavior for long period, which is analyzed abnormba
condition, the system will send the alerting messag to a
selected mobile phone or Internet link. After detetion of

motionless elder from the set—point periods, the sgem
immediately distributes messages via SMS on the mikd
network and a server to warn a relative or a caregier with the

image option to send. The sensor modules have eade-
installation with coverage area nearly 3 square mets, 80 % of
detection level suitable for a small room and a batoom.

Index Terms—Eldery Healthcare, Sensor network activated
control, Automatic alerting system, Smart home awagness.

I. INTRODUCTION

I n busy schedule of working day, there is no ongirsta
with elder at home resulting in their safety andiltie
care. Being alone without caregiver, the high rafe
accident might happen to senior citizens; nobodywathis

The wireless sensor system can send report to dlenob
phone or Internet link automatically. The big camcef this
investigation is low cost of the device, ease atatation,
and saving energy consumption. This paper is organas
follow. Section Il briefly reviews about in-househavior of
the elderly and the mobilized body position. Setctidl
explains about the architectures and some relevance
information, and the experiments is mentioned ttisa V.
Lastly, Section V concludes this work and discussio

1. IN-HOUSEBEHARVIOR oF NORMAL ELDERLY

Taking care of senior family members or relativesguite
a serious issue nowadays and human behavior istisoeme
so complicate that mechanical invention cannot tstdad.
However, these kinds of advance artificial healtbca
system, packed with high price, can help with tglkiare of
such people; the service system includes the setesdaces
on a bed, the ECG monitoring system, movement tetec
inside rooms, and the in-house monitoring persorthat
service center. The surveillance camera for movémen
detection is another alternative for monitoring hkhis
method disturbs privacy. This research providegractical

or finds it when it is too late. Nowadays, advanc@utomatic detection system for an elderly who liaésne

technology has been adapted to help with dailyféfglities
including smart home, entertainment, security, smdorth.
When elderly health care is combined with improvetf
technology, concern about their safety seems telved.
Any health care system can help with looking after

monitoring people, such as the distance measurefoent
ECG, blood pressure or heart beat monitor, and bo

temperature signals [1][2], etc. Wireless technigu@nother
way to monitor overall behavior of people in a desitial

room or in the form of wearable sensor like wirglesnsor
on a hand wrist, or an ankle. However, these kiofls

healthcare system or smart home are usually a empl

system and are sold pricey. Some smart home sysizke
the elder feel uncomfortable because of the manior
cameras that disturb their privacy, especially ahboom
which is considered very dangerous with the slipgdteror.
This paper focuses on the outdoor and indoor enmiemts
[3] [4] as the empirical model for propagation pogion [5]
and aims to the indoor wireless alerting systemafaormal
condition of elder in a small residential room sash
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during a day time when other family members alrdadye
home. To leave an elder alone in a house is a huater.
For that reasons, this system can purpose the gjagation
for the elder and family members with low cost epst
Wireless technology is very suitable for connectaryl
sending processed data at distance [8], the ISM batoor

8ropagation is used at 2.4GHz. The following listthe

Main selling points and alerting system requiresi¢9it

1) Cost

2) Reliability

3) Safety

4) Ease—of-use

5) Convenience

6) Etc.

The cost is considered the most important sellingtp
but reliability is big concern; Safety is a bassguirement;
ease-of-use is one of attraction; and conveniergeeman
easier life style.

A. Mobilized Body Position

During a day, almost humans do a lot of works drey/t
have a regular body mobilization. At night, sleeysiions
change overnight from 3 to 45 times per night; werage
14.5 times per night. Around 13 different positiartsange
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Fig. 1. The example of sleep positions for humafitization on bed

through the night for elderly, such as leg jerkc.et

immobilized period for elderly range up to 110 nigwi
[13]. The immobilization during day is shorter thamight.

As the example sleeping positions on Fig. 1. adbfstan
[13], it is the fundamental sleep positions suchstasfish,
free faller, etc.

Ill. ARCHITECTURES

A. Location and Radiation

The sensors on the wireless modules are instailéidted
locations in the house. Normally, the locationsntgtall the
wireless devices are usually on middle of the roamime-
of-sight for sensors on coverage beam and for ribason
some of the wireless module location at non-lineight to
the concentrator. This work stresses how the detecan
alert immediately to the relative in a distancenfra house.
Eventually, in a view point of 2-dimension the pimsis of a
TRx can communicate in clarify data and can idgrgidich

other. In Fig. 2, on the left-han8,s concentrator of system;

| andE are the sensor nodes located in coverage Brea;
radius range betwedh< r < radiugyax thusE is inbound on
the edge ofS when S is a member oR area, andO is
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Locations depend on the transmitter powers, seitgitf
receivers, and obstructions. The obstructive corapt:
build a path loss to signal strength [6]. Typicatly separate
the states of the operation mode are an idle dtatesmit—
state, receive—state, and sleep-statedhesion exempt
processing state of the controllers. The importiimension
is time to interact between nodes. The timing fachkenode
activates at’ and collision of data possibly happening, but
normally an elder with others in the separated ®a@an
generate the message from two sources. Although nex
concern is energy power, longest path consumes more
power to send information than shortest path. Distaand
gradient between a Tx and a Rx on power law ofadist

Fig. 3. Locations and coverage areas of the veset®des

outbound ofS. The right-hand fig shows the e-zone that CaHepends on power of rational distantand gradienn and

gain more coverage area and shrink it by a trarssoms

power [10]. On center shows the triangular lineesid

between SI, SE and IE on the radiusR for energy
conservation distance in simple calculation @ can

communicate directly becausg?®=d,s? + ds£+2 dis dseCOS

a if d& + ds is less than or equalc®. Then“l” node

should send information directly tE” node for energy
saving of all nodes inside coverage area but sdtation

as the triangular inequality if distance betw&énto “E” is

larger or has a weak transmission powefB-aode has to
handle as a pathway frofti to“E”. The pathwayll from

a source node to a sink node has time—variancdstende
ast = Aliv between source and sink positions.vAs a

velocity of propagation in multidimensionality. Bhi
consideration is on time—to—send for reduced dotlis
frame. In real life, the installation location istrflat. The

distances have to calculate on 3 dimensigrisandi so that
in practical installation and configuration of thgstem. The
a angle is not easy to be found because of theitotand

the direction of each node.

Fig. 2. Locations and coverage areas.
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path loss at 1 m on (1).

Power(dB) =n log ¥ (dB) + Path_loss(dB) D)

Activation time is very fast when occupied at timearies
to t, depends on arrival time from the detection poinis
speed of light on homogeneous medium. For exartipdg,

k, andi are reference directions of the coordinates at any
node.

This work has used frequency in range of the ISWdba
The 2-dimension is easily calculated to explain emddapt
for finding a 3-dimension scheme. The radiationtgyat
depends on the antenna shape and a transmissiogr.pow
The directional antenna can reduce energy to ¢aedata
to a receiver. Most of wireless devices choosenttoeostrip
antennas for smaller packaging in variety of shapesl,
normally, to build on the printed circuit board guzts in
the several loop shapes. For a loop antenna has two
directions of main lopes in opposite sides andbésms can
enforce to other direction by a reflector, Fresomhe and
near field will higher than normal and that can uesl
energy consumption from directional gain. From the
fundamental concept of geometry, it can calculatBus ‘t”
of coverage area in Fig. 3. Thus assume all nodes‘n’
radius. FromA to B, a center betweeft andB equal tod/2
that is a center of a middle dash circle to guamrthe
operated region oA to B, thus always not less thand g/2
on weak energy and at strong energy point winkedh,g/2
and if the network has joined a névnode. The way of
calculation repeats again same Asnode andB node,
additional aD node can connect to @ node but for B
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node cannot reach then in active state if the feogt'rpg”
more than fpc” that meanspg=r + Ar orr +4r > rpc>r
then aD node can communicate toCanode on concurrent

of anA node to 8 node in different transmission channels.

B. Transducer Devices

The touching sensors are not comfortable to most
healthy persons in particular and also unaccepbedtfe
patients, but they cannot discard. Distinctivelyesal
elderly dislike any touching devices or do not weatry it
all the times because they might think that toeras like
they are in worst conditions as a patient. Thisais
appropriate reason to develop an alerting systengdod-
condition elderly, which can detect over a sleepivgm, a
living room, a bathroom, and so forth. Thus cowditiof
immobilized behaviors of an elderly will be detattith
installed indoor device.
transducers to detect the moving pattern in apprate
range of 3.5 meters from acoustic wave and a Pl&etect

body infrared wave from an elder's movement witle th

Fresnel lens to extend the service range for moam 2

meters. Another one is a sound sensing module wisich

very suitable for snoring or teeth-grinding perstmst can
identify their living and install adjacent to a baadd a sofa.

The important thing is an emergency switch (Em} tha
designed to activate when an elderly is pushingressing
it. The Em should be installed nearby the walk matkinds
of a chair, a bed, and a toilet ware.

C. Wireless Sensor Network Structure

A structure of the wireless sensor network considta
mobile phone and a wired network to Internet. Baftthem
are connected to a wireless concentrator with tireless
nodes in a structure as Fig. 4. As the shown strect

operating demonstration assumes that WP1 sending a

The system uses ultrasonic

Indoor wireless system is concern with energy
consumption and backup power system. On Fig. ®, th
system is separated into 2 diagrams. The first @ne
concentrator part consisted of a TRx, a mobile ph@nl),

a modem (MD), an emergency switch (Em), and a backu
battery. The second diagram consists of a TRx,gaasi

of
— Ul | | TRx j’
—
§
—
Em
I'—' Interface

Backup Power System

UFx |, | TRx j’
£ —
—»
Signal ¢ ’
— g e LTransducers
’_b conditioning
g----»

Backup Power System

Fig. 5. Diagram of a concentrator and a wirelesssr node

conditioning circuits to get the input signals frothe
transducers. The UPx is a combination of a microotiar
with the timers, an EEPROM memory for storing téiepe
numbers, the transmitter levels, and the initiahaetion
codes.

IV. IMPLEMENTATION AND EVALUATION U

message to WC1 as a concentrator which forward the

message to MD1 and M1 through the Internet in lvedlis
via a lease line of Internet and the mobile netwdrkis
structure for a WC1 has the two options, on onalhees a
microcontroller board with the 2 interfacing paidsM1 and
MD1. The other hand uses a cheap personal compitter
the same interfacing of the first structure that edd more
the optional devices if an elderly want to captore the

redundant working state. Both structures can sdmd t

messages to a server via the Internet and a mphdee.
When a relative receives alerting message fronneéeser
from the M1, he/she can browse information fromveimgre
immediately and response back to the elder's rasale
room.

WP3

@ Transducers

Fig. 4. An immobilized detecting structure of anitoring system
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A. Locations and Transducers

There are two devices’ installed positions in annathat
proposed in this work, one on the top of corner jaoidt out
at the transducers to a bed in a small bedroomotier is
on the top of a table nearby the half of an eldeddy. The
author concerned about the reflected wave fronwiéleand
the ground floor.

There are two types of the reflected wave: 1) Hailm
concrete or tile, and 2) built from wood. The trdusers use
the thermopile array devices, the condenser micogs,
and the ultrasonic transducers. A thermopile aifRyA81
can detect infrared from the human temperature hef t
radiant heat of wavelength and measure among adjace
points simultaneously. The microphones are builbyghe
high gain OP-AMP detecting approximately 0.5—meter
range and the small ultrasonic transducers aresnriied
and received the pulses in nearly 3—meter rangesitstem
is suitable for a small room.

B. Radiation Power of Transceivers and Link

In the concept of radiation is concern with the sarvice
area in Fresnel zone and guarantee the successful
communication of carrier message to the receivdre T
author proposed the selective power transmitter Jor
different gain up or down power gain steps in a ckt
p={X,H,M,L,S}. Firstly assume, the transmitter senc
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medium power to a receiver, startup a counter aaitsvior
acknowledge signal back for a signal strength

concentrator cannot response back to a sensor mau@
period, the status is out-of-range, or far awayerbian f

level
evaluation by ID and “M” (Medium power) messageaif

®3)

+Ar" that is unreachable. Then repeated the perviousas on (3), the provided values make the connection
process again by increasing the power gain mogestep by codes. On this work the setting the range lbm 1 to 2'-2,

ID and “H” (High power) if a sender can get “H” froa
receiver in acknowledge state, a sender staysitat stf “H”
gain. Another way, assume first time at the medpower

andi is the number of bits at here ainequals to 5 the@'—2
is 30 because this setting has been designed for expiendab
to 3—group configuration of the sensor networksusltthe

the sender sends the ID and “M” to a receiver tlen system has to be applied different codes on sechrainels

receiver can get the message and sends it backsduree
has to decrease power for one step then a sounds $B
and “L” (Low power) to a receiver in the second &inThe
system will repeat the process until a sender dareoeive
a level message, then a sender has to increasepowes
for one step and stored status. Thus a status LEDhe

to reduce the interference. The author selected the
connection code values from a Table I.

The operation isSource IBPComplementary Code ID.
The result equals to truSource IBBComplementary Code
ID equals to zero for all bits or some bit, thus, dléput is

false. This means that the evaluation is inadeqtmatese

message ID + “L” carries on a package at PAYLOAD iRhjs message. However, this process has to be etedpin

Fig. 6. that guarantee safety margin of connecdigmn (2).

all bits because all bits are exactly adequatetmtlate the

The process is automatically setup, that why thian ease- oytput state.

of-install system. The TRW2.4G RF module has 4|koé
transmission power that used in this experimenBrid-
5dBm, -10dBm, and -20dBm

The mobile phone has to be connected via intergagport
and to be initialized by the AT commands from a

[15]. The importantmicrocontroller to handle a mobile phone. The URs ko

connection is a connected code that is adapted ff@m identify status of alerting system and send thetiatp
concept of AIS[12] as on Fig. 6. via the regions of message to a concentrator UC1 while sending the SMS

complementarities of the paratope and epitope iotyide
represented such a$0011& 01100 the result is 11111”

message to a mobile phone and a server via mohde-b
stations and lease line Internet respectively. Iginahe

or “10001® 01110 equals to 1111" that means both server calls a relative’s mobile phone and a caegin

connection codes are accepted then informatiorsfeared
to a sink node. If a paratope exclusive—or to atopp as

“11011% 01100 equals to 10117 the result can identified

autonomous action.

C. Sensor Node Controllers

that means not a member node and discard receiasd d The processor units use several CPUs 8-bit, anthit] 6—

that opposite of the antigen process.

Pminy;(dBm)=ReC¥reshoigt Path_loss+Safety Margin(2)

10011 10001

ADDRESS | PAYLOAD CRC ‘
[ ]
Maximum 256-bit 01100 01110

Fig. 6. TRW=24G package without preamble and tmnection codes

TABLE |
EXAMPLES OF COMPLEMENTARY VALUES FORCONNECTION CODES
Source ID Complementary Code ID

Dec Bin Dec Bin

19 10011 12 01100
20 10100 11 01011
21 10101 10 01010
22 10110 9 01001
23 10111 8 01000
24 11000 7 00111
25 11001 6 00110
26 11010 5 00101
27 11011 4 01010
28 11100 3 00011
29 11101 2 00010
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among of MSP430 board, MCS-52 board, 16f628, and
16f877 board. In the viewpoint of time to send aedeive

the messages between a WC1 and a WPx dependea on th
signals from those transducers. In this state iféng is
quite important because in Section Il during dag timer

has to count shorter and fine—tune by adjust toldhgest
temporal period after immobilized of body and dgrithe
night tuned to another temporal value after watckieel
movements for a while.

In practical experiment, it is separated into 2 esd
Firstly, the WPx detects and processes by a naatentbrks
together with a timer for counting the temporalipérand to
decide to send the alert signal. Secondly, the \W&tects
the mobilized signal and sends a message to the th&gilit
has to evaluate together with a timer at a WC1 thakes a
decision to send the message to a relative mohib@g and
a server. On Jackson’s model feedback loop fromfitee
mode, the process handles in queues less tharetomds
mode. The second mode operation has a lot of pgoces
gueues among the WPx at each room to monitor iethee
more than a person in the different room at theestime

Fig. 7. The transducers with the indicators amdttansceiver modules
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D. Evaluation Result

On Fig. 8., the prefix-W stands for the wood suiuet
and the prefix—T stands for the tile or concreteaose the
experimental rooms were decorated by the woodsher t
tiles. The distance between a participant and rdwestucer
node was more than 3 meters that is hard to defdnt.
percent of correction is nearly 80% for distancgsléhan 3
meters from 50-trial on each length. This indicatedues
were averaged between the ultrasonic transducersdce-
than-3-meter-long service zone and a thermopilayanith
the nearly-3-meter-coveraged-distant by the Fresmes.
The two operations had been setup for the test:fithe
mode on each of the WPx sensor node sent a mesaaye
in low traffic rate while the second mode on ead¢hhe
WPx sensor node sent more messages to a WCI.
decision had been made by the WCL1 then it sentldw
message to a relative.

120

F 100 = £
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5 80
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K] 60
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o

£ 40

£ I_/J/

0 ]
1 2 3 4 5 & 7
Distance (multiply by 0.5 m)

—4—W_Correct ‘W_lIncorrect
——T_Correct —+—T_Incorrect

Fig. 8. The evaluation results in the tile andwlw®d decorated

V. CONCLUSION ANDFUTURE WORKS

The participants have been accepted for variouscpbar
results because of the low cost, uncomplicatedliiasion,
user-friendly system, and easy maintenance busystem
takes time to adjust the parameters to suitableefmh of
participant. The system is suitable for a smallrbeth,
living room, and bathroom. It is strongly recommeddo
adapt to an apartment. Moreover, the non-furthet-ats
cost can be utilized in the long term, howevercah be
adapted by adding more sensor points or wirelesscse
nodes. The future step is to develop more intantacf
other signals from different transducers and tdecolthe
data to manipulate in an agent manner. It is asrrative
way for elderly usage
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