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ABSTRACT

In this proposed system along with the prototypesented here is a wearable device which predigs th
occurrence of epilepsy in advance. The devicezaslithe signals from human homosapien to detecb¢harrence of
epilepsy. As soon as the device detects the sigesisrated from the host and it transmits an enttsidmal. The signal is
decoded by a wireless receiver to produce sigmatsigger alarm device, and mobile messaging dewam@rol system

appropriately. The prototype is made for verifioatand to determine the performance of the system.
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INTRODUCTION

Epilepsy is a very fatal condition which is causesia result of imbalance in the nervous system. vigng
common symptoms of epilepsy includes sudden flutogs in heart beat rate and involuntary musculavements
(seizures). The aura (practical symptom) of epilepsludes fluctuations in heartbeat, nausea, d&ss etc. The wireless
electronic diagnosing system designed here is sixelly meant for epilepsy patients. The systemd#ipm in accurately
predicting the occurrence of seizures. Sudden oecce of seizures during driving may lead to aauisleand its
occurrence during sleeping hours can even leatiegatient’s death, if no immediate, proper attents provided by a
bystander or a doctor. With the aid of this systém, patient can lead a normal life. Since the metice of seizures is
unpredictable, it will be a very risky task to leathe patient alone. In future, GPS could be ino@ated to trace out the
exact location of the patient. Current technolod@sacquiring signals from the patient’s body aeey much developed.

Many sensors are available which can detect the heat and muscular movements non-invasively @cdrately.

Such non invasive technique for measuring heart isgaulse oximetry. Using this technique, heardtbezan be
accurately monitored. Muscular convulsions areeptéld using micro electromechanical sensbeMS) firmly attached
to the body. The sensors used are small in sizecande firmly attached to the body. The accelenatiresulting from

epileptic convulsions are sensed using MEMS acoeleter which is very accurate, precise and smalize.

To provide wireless communication channel low ewivork using MiWi protocol is utilized. MiWi is standard
protocol developed by Microchip Inc, USA, basedBBRE 802.15.4.

Heart beats are to be monitored continuously. Ardden variation in heart beat which is caused yothset of
epileptic seizures is detected and confirmed WithMEMS signal. When the seizure is confirmed, mgsss transmitted
to the surroundings for initiating necessary pritec measures for the patient. The device is desigas wireless,

wearable and personal equipment. Hence a techig@anistance is not required for the patient. @foee this device will

www.iaset.us anti@iaset.us



50 Sukumar T R, Bharath Kumar M R, Andrew Mathew Domnic F, Sibu C M & Karthikeyen V

be extremely useful for patientssfecially youngsters) who wish to be active in their life. The usergyabsolute freedom
from wires and can be used when moving.

To practically implement the epilepsy predictiostgyn, the following aspects should be implemented

» Sensing Biometric SignalsTwo types of biological signals are required fooqessing. They are heart beat and
muscular convulsions. The heart beat can be mehsisiag pulse oxy meter and muscular movementsbean

measured using MEMS sensor.

e Processing it and Taking Decisions:Processing of the signals is done by software naroged into a

microcontroller. The software is designed in sucteg that it detects the exact symptom of epilepsy.
e Communication: Communication is set up using a transmitter andiver module with MiWi protocol

e Controlling: Automatic vehicle control system, mobile messaglagice and an alarm device is integrated to the

receiver for protecting the patient.
CONSTRAINTS
» Smaller size and weight requirement
* Low power consumption requirement as the devitmitery operated.
e Suitable long life battery
» Accurate technique or algorithm for foolproof deiee of seizure
e Secure communication between the wearable equipamehthe receiving unit
e Signal processing requirement
» Cost effectiveness

The application of this system focus on epilepsyepés who wish to move freely without the assis&ganf others
in their life. For instance, if the seizure occutsile the victim driving a vehicle or while sleepithe device automatically
generates control signals for the control of vehisktting off an alarm circuit and messaging thetat about the patient’s
condition via short messaging Service (SMS). Thstesy can be expanded easily in such a way to iaclabbbal
Positioning System (GPS) for tracing out the exadition of the victim of epilepsy in the futurehds the device saves
the patient from accident or even death and acés'BH-E SAVER”

DESIGN
The design consists of hardware and software sextithe device hardware mainly consist of thre¢spamely,
» Heart beat sensor
*  Seizure detector
* Processor and

* Wireless transceiver
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Heart Beat Sensor

The heart beat of the patient is to be monitorenigately. For this purpose, a pulse oxy meter éluPulse oxy
meter measures heart beat by sensing the differienedsorbance of infrared radiation by blood dyrgystolic and
diastolic activities of heart. The volume of bloftowing through arteries varies widely during ede¥art beat. Hence if

infrared radiation is incident on it, the absort@o€ IR also varies according to the heart beat

Wariabla
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Figure 1: Pulse Oxy Meter and its Principle of Opeation
The pulse oxy meter designed here works usingatifte principle. The IR source emits IR radiatiohigh is

reflected in accordance with the flow of blood. Théected rays are detected using a photo detector

A sensor is placed on a thin part of the patiesutiatomy, usually a fingertip or earlobe, and lightinfrared
wavelength is made incident on the body. Changbspeance of the infrared is measured, allowingrde@nhation of the
absorbance’s due to the pulsing arterial bloodelexcluding venous blood, skin, bone, muscle,aatl (in most cases)
fingernail polish. The circuit of pulse oxy meteonsists of a trans-resistance amplifier, voltagkoveer, difference
amplifier, and filter. All these stages are casdattmether to from the complete circuit of pulse/ ameter. The circuit
works in 5 V supply. In order to get perfect ampétion sans noise, ultra low offset operationapbfier OP07 and
FET input operational amplifier LF 356N is selectddTrans resistance amplifier is used in the fitsige to convert the
photodiode current to voltage. The major desigrapeter of this sensor is its output voltage andotiput frequency.
The output frequency is band limited to 15 Hz udiligrs. Low pass first order butter worth filtir used. Low pass filter
is designed at 15 Hz upper cut off frequency wittam of 1.5. A high pass first order butter wditter with lower cut off
frequency of 0.5 Hz is cascaded with the low pasgmove the dc voltage. An amplifier is set atdhgut of the meter in
order to raise the output signal level to +5V (apgr Amplifier with amplification factor of 50 isebigned. Typical output
of the sensor is shown on the graph below. Norrmeatttbeat is 72 beats per minute. That is theufreqgy of the signal is
1.2 H, for a healthy person. The output amplitude vdies 70mV to 120mV.
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Figure 2: Output Wave Form for Pulse Oxy Meter
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e Seizure Detector

Seizures are involuntary muscular movements whiotuio during epilepsy. Muscular movements are sensed
using MEMS (micro electro mechanical sensor) acoebeter. A 3D accelerometer is used to sense thscultar
movements. The ADXL330 is a low cost, low powermpbete 3-axis accelerometer with signal conditionettage
outputs, which is all on a single monolithic IC.eTADXL330 is a complete acceleration measuremestegsy on a single
monolithic IC. The ADXL330 has a measurement ranfieg5 g. The sensor is a polysilicon surface-micro maatine
structure built on top of a silicon wafer. Polysiln springs suspend the structure over the sudbtte wafer and provide
a resistance against acceleration forces. Defleatfahe structure is measured using a differemigdacitor that consists
of independent fixed plates and plates attachethéomoving mass. The fixed plates are driven by° l8@-of-phase
square waves. Acceleration deflects the beam abhdlamces the differential capacitor, resultingincaitput square wave
whose amplitude is proportional to accelerationad@hsensitive demodulation techniques are then tsedctify the
signal and determine the direction of the accdlamairhe demodulator’s output is amplified and lglatuoff-chip through
a 32 IQ resistor. The signal bandwidth of the device istseadding a capacitor. This filtering improvesaserement

resolution and helps prevent aliasing.

Performance of the project was affected due tonthve availability of 3 axis accelerometer. Henceehehave
used a single axis accelerometer MMA1260EG from EREALE semiconductor for detecting the musculavatsions.
It has a sensitivity of 1.5g. The output is filtdresing a n RC low pass filter with values R=Q Kad C=0.10.{f.
The output of the sensor during typical seizurshiewn on the graph. The output of MEMS is givem tb0 bit analog to

digital converter for digitizing the output.
* Processor

The signals from sensors are processed using PUBPBFmicrocontroller. The microcontroller requiged0 bit
ADC and a comparator circuit for processing thenalg from the sensor. PIC 18F 4620 includes boilADC and
comparator. The processor is clocked at 4MHz. Teguency of normal heart beat rate is 12 dpproximately. Or the
time period of the heart beat signal is 0.83 s€hs. algorithm detects the sudden decrease in putite which is one of
the auras of epilepsy. As soon as the variationthérheart beat are detected, the algorithm chieckhie typical seizure
waveform from the MEMS sensor. When these two dgyoaincide, the software takes the decision aspéleptic seizure

and generates control signals.
* Wireless Transceiver

The device uses MiWi protocol for communication.eTRIiWi™ Wireless Networking Protocol is a simple
protocol designed for low data rate, short distaac® low-cost networks. Fundamentally based orElBE2.15.4™ for
wireless personal area network8/HANS), the MiWi protocol provides an easy-to-use aldtine for wireless
communication. In particular, it targets smallemplagations that have relatively small network sizesth few hops
between nodes, using Microchip’s MRF24J40 2.4 Gidnsceiver for IEEE 802.15.4 compliant networkse TWiWi
protocol is based on the MAC and PHY layers of HBEE 802.15.4 specification, and is tailored famgie network
development in the 2.4 GHz band. The protocol mlesithe features to find form and join a network,veell as
discovering nodes on the network and route to thEne card uses PCB trace antenna. The device inge®fl sight

communication. The range is approx. 200ft The wssltransmitter and receiver hardware consistrobtherboard with
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PIC 18F4620 microcontroller. The motherboard cdas$ a daughter card with microchip MRF24J40 IEER.15.4 2.4
GHZ transceiver. The board is designed to workvat®3.3 V DC. The MiWi protocol stack can be irkd on the board

and the required application can be programmediinfopeer to peer network is formed using theseivers.

One node is programmed as the network coordinaurtfze other as an end device. The coordinataetiasthe
transmitter and the en device as the receiver.|@hg address is assigned for the network and tobet studress to the
nodes. The device is designed in such a way thaearches for a network as soon as the module itsh&a on.
The coordinator assigns the address to the endeteaind forms the network if one is not detectduwk MRF24J40 is an
IEEE 802.15.4-2003 compliant transceiver supporiitig/i™, ZigBee™ and other proprietary protocols.eThRF24J40
integrates wireless RF, PHY layer baseband and Mayer architectures that can be combined with apkm

microprocessor to apply low data rate to a mulgtoflapplications The

Sensor Probe
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Figure 3

MRF24J40 device integrates a receiver, transmi@&0© and PLL into a single integrated circuit. lses
advanced radio architecture to minimize externat paunt and power consumption. The MRF24J40 MAE&Zbhand
provide hardware architecture for both IEEE 8021BIAC and PHY layers. It mainly consists of TX/RXHOs,
a CSMA-CA controller, super frame Constructor, reeeframe filter, security engine and digital sigrmaocessing
module. The MRF24J40 is fabricated by advanced QriSCMOS process and is offered in a 40-pin QFN 6x62m

package.
The MRF24J40 consists of four major functional kkic
* An SPl interface that serves as a communicationriebetween the host controller and theMRF24J40
« Control registers which are used to control anditoothe MRF24J40.

e The MAC (Medium Access Control) module that implenselEEE 802.3™ compliant MAC logic The PHY

(Physical Layer) driver that encodes and decodes the analog data

* The device also contains other support blocks, ssctine on-chip voltage regulator, security moduid system

control logic.
DESIGN OF SOFTWARE

The processing unit utilizes the logic implemeritethe software for accurate detection of seizufé® software
checks the input signal from the pulse oxy metemfthe patient’s body continuously and measuregptitee width of the
signal. This width is converted into heartbeat fayethe software. If there is any abnormalitieshaart beat, it can be
detected as a change in the pulse width. As sodineal®gic detects a change it triggers the vibsratw the system waits

for the response. The patient has to press a battdns wearable unit. If the patient is unableldcso due to occurrence of
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seizure, then response signal from MEMS sensor lwkiEnses the muscular convulsions is captured aatyzzd.
If there are signals of muscular convulsions thitwsoe concludes that the patient has seizure athing message is
transmitted using the wireless transmitter. Thewsei detection algorithm from the MEMS signalsdscheck only the
sudden abnormality occurring in the human bodysTdigorithm helps to avoid situations where hea#gtlyises due to
excessive physical work or due to tension etc. d@lgerithm uses the averaging technique to deterrabreormalities

accurately.
P= (P+N)/2
Where p=previous heart beat rate N=next heartradat

For a person suffering from epilepsy, in the prabstage the heart beat varies abruptly and héwcealue of P
also changes. This change in the value of P isctheteand the program is made to wait for the sidgmah the second
sensor which senses the muscular convulsions. $tolar convulsions are detected from the seconsbseit triggers the
transmitter on which transmits a coded signal whiglreceived by the receiver. The software sectiontains the

following major functional modules:
* Heart beat rate calculations
e  Seizure detection from MEMS signal
+  Communication control
e Overall supervision
IMPLEMENTATION

The system requires a heart beat sensor, musautaulsion sensor, a transmitter, receiver, mobissaging
device, alarm device and automatic vehicle corgystem. All the above said parts are integratedttey to a processor to

form the device.
The epilepsy prediction system can be practicatlylemented by incorporating the following composent
* Heart Beat Sensor
A pulse oxy meter is used as a heart beat sensor.

The implementation of pulse oxy meter is by castgdieveral stages as shown in the figure 5. A pags filter
is designed with lower cut-off frequency of 15 Hhe high pass filter is cascaded with a low pdter fdesigned to an

upper cut off

Sensor Probe
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Figure 4: Block Schematic of Pulse-Oxy Meter
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Frequency of 0.5 HZhe amplifier at the final stage raises the voltérgen mV level to the required voltage
range. An amplification factor of 50 is given to it

* Convulsions Sensor

An accelerometer is used as a convulsion sensor.
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Figure 5: Block Diagram of the Convulsions Sensor
Muscular convulsions are detected using single SIS IC MMA1260EG. The sensitivity of the senssrsiet
to 1.55g. The circuit is implemented as shown adincuit diagram. The output of the sensor igffddl out sing a low pass

RC filter externally. The value of R is selectedl&€) and C as 0yif.

* Processing Unit

The processing unit contains PIC 18F4620 microodletr which is clocked at 40 MHz. PIC18F4620 have
64 Kbytes of Flash memory. The microcontroller hdmuiilt 10 bit ADC which is used to digitize thetput from MEMS
module. It also includes a comparator which is usegrocess the heart beat waveforms from the potsemeter.
The incoming signal is processed using logics imgleted in the software which runs the device. Thwegssing unit
continuously checks for symptoms in the incomingnal. As soon as it detects any abnormality, ggeers a warning

vibrator and the wireless transmitter.

* Wireless Transmitter and Receiver

Wireless transceiver consist of a board consisiiMigRF24J40 IC The transmitter transmits a codgdai which
is decoded by a receiver to generate control sigiidde control signal activates an alarm devicehilmanessaging device
and automatic vehicle control system appropriat&@fyart from the above important blocks, a buzzecut and a DC to

DC convertor blocks are also implemented.

e Enclosure Design

The device is a wearable oranthe wrist). Hence the enclosure is designed suiting togbgtose. The enclosure

can be designed in the form of a watch.
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PHOTOGRAPHS

Figure 7: Pulse Oxy Meter

TESTING

¢ Testing of Pulse Oxy Meter

The pulse oxy metewas tested by wounding the probe of the devicahenindex finger of a person and
output were viewed on a DSO. The pulse oxy metecessfully detected the heart beat waveform fraarptitient’s inde:
finger. The out put frequency was 1.,. Andthe voltage level was in the range of 100 to 12Q

¢ Testing of MEMS Sensor

The MEMS sensor is connected to the body of théepiatising straps. Typical epileptic seizure wawefas

shown in the figure below. The sensor output iseefgd to be of thshape as shown below.
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Figure 8: Typical Signal from the MEMS Sensor durirg Seizure

e Testing of Software

The inputs from the sensors were provided to th& &introller in which the software was programmeevd/

forms describing different conditions of the patiemre given as input and tested successfully

e Testing of Communication Module

The transceiver is directly connected to the miordmller in which the software was programmed.sasn as
the software detected the epileptic symptom, thiestmitter was triggered. A peer to peer single materork was formed
which transmitted the message to the receiver nbde.system designed here processes the heartdrgatuously and
abnormalities are detected accurately. The deviaesmits the signal only when seizures of epilepsy detected.

The performance of the device is not restrictednoyement of the patient.
PROBLEMS ENCOUNTERED
We have encountered many problems as noted below:

* Non availability of 3 axis accelerometer: We confat procure the 3 axis accelerometer and hendeddastonly
performed with a single axis accelerometer. Howetbe system gives better results only if a 3 axis

accelerometer is used in for detecting muscle eotitms.

* Noise and temperature effect on the sensor outpdgor problems were encountered due to noise pickeby
the sensors. Use of shielded cable and grounditvgdsahe problems to a satisfactory level. Heatfigct of
active components like op amps also created prabliéke drifting and thermal noise. This was solveyl

operating the op amps at a lower voltage.

» Problem with suitable wearable enclosure: A suéafbarable enclosure is not designed. Compact PG e

designed to fit all the components inside a wearahbktlosure.
ADVANTAGES AND BENEFITS

The benefit of the project is that a lightweighigged, low-cost, wearable (on the wrist) deviceleseloped

which helps a victim of epilepsy to do all sortsagfivities like others do.
» The device will be extremely cost effective sincedes simple sensors and technology for the detect
* The sensors are small in size and can be firmach#d to the body

* Batteries can last long as the device consumeslitiidyenergy
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The device doesn't restrict the movement of théepat

The system is easily expandable paving the wayntorporate much more sophisticated devices like ECG

detector in the future

Standalone application

CONCLUSIONS

A light weight, rugged, cost-effective wearable idevis developed which helps millions of victims egilepsy

around the globe. With the device in possessioreg@itepsy victim can move around freely like normpalople sans

worries. The system is easily expandable to inaatgoGPS system and to capture and transmit vapiatisnt parameters

like ECG, body temperature etc.
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