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ABSTRACT

The current paradigm in healthcare is the notioncohtinuous remote patient monitoring using a nekwaf wireless
sensors. These healthcare sensor network systemsisting of human body area networks (HBAN) arich&tructure
area networks avoid the need for a manual self-adt@red health system and may enable users tociakizol of their
health disorders in future. HBAN technology envisioniniaturized sensors worn or implanted on théyb@ontinuously
monitoring health parameters and acting to previet onset of critical health events. For examplapdtics now have
access to an automatic insulin pump which monighusose levels and administers insulin when gludesgels are high.
Similar technologies will one day result in devieglsich can minimize incidences of heart attack tooke. They could
prevent frequent hospital visits and save costsbfith the individual patient and a nation’s healihe system. Radio
frequency (RF) wireless technology has been suitdlysdeployed in most HBAN implementations; thegstime a lot of
battery power, susceptible to electromagnetic fetence (EMI) and have security issues. The keyeissith RF
propagation in portable devices is that it consurbagery life quickly. For example zigbee has ttaximum data rate of
250 kb/s at 26.5mW resulting in 106nJ per recebig¢thut IBC consumes an order of magnitude lessgynat data rates

up to 10Mb/s which makes it an attractive commuiacamethod for HBAN applications.
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INTRODUCTION

Intra body communication (IBC) is an alternativereléss communication technology which uses the hubaaly as the
signal propagation medium [1]. IBC has charactiedsthat could naturally address the issues with fBfF BAN
technology. This survey examines the on-going mesem this area and highlights IBC core fundamisnfa], current
mathematical models of the human body, IBC trawscaiesigns, and the remaining research challetoges addressed.
IBC has exciting prospects for making BAN techniésg4] more practical in the futur&he IBC system is a protected
and private communication network which providesural security and interference free communicatibne required
operating frequency of IBC is much lower comparedRf system. This means signals are confined top#reon’s
proximity since reading data requires body contdttere is no signal leakage through the skin in IB€thod and
environmental noise has less effect on communicatia higher frequencies (300MHz to several gigét)ethe signal
wavelength becomes comparable to the human bodynehéength and body radiates energy acting am#mnaa. Since
transmitter and receiver contain small size ele@soinstead of antennas, the larger wavelengthhefcarrier signal

compared to the electrode size results in intenfegefree IBC below 300MHz. IBC forms a short ramgenmunication
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network inside and around human body and theredbosvs the same frequency band to be reused by HBANther
users with minimal interference. This property mbigdly allows designs to focus on improving dades, reducing power
consumption and integrating smaller form factoBC lis classified into two basic coupling types edlicapacitive and
galvanic coupling. For both coupling types the $@iver needs two pair of electrodes. In capacitiugpling only one of
the electrodes of transmitter and receiver sidgteched to the body, while other electrode istilmawhereas in galvanic
coupling both are attached to human body. The kigngenerated between the body channel transcfgydry making a
current loop through the external ground. The digtectrode of the transmitter induces the eledtald into the human
body which is controlled by the electric potentiald body act as a conductor with the ground asetuen path [7]. It is
achieved by coupling AC current into human bodyreHglectrical signal is applied differentially beten electrodes and a
largely attenuated signal is received by the twainer electrode [8]. In general, the ion contenthe human body is the

carrier of information in this method [9].
Electrical Properties of Human Body Tissues

The two major properties are relative permittivapd electrical conductivity [10, 11]. Tissue typdéise operational
frequency range, temperature, intactness of cellmambranes and tissue water content are someeof#jor factors
which determine the tissue electrical propertiethsn human body. Dielectric properties of livingstie vary differently
with frequency dispersion which refers to the bétwaef tissues at various frequency range; low diestpy range[5], RF
ranges and gigahertz frequency ranges, which deered as alpha, beta and gamma distribution. Révityi strongly
declines, whereas conductivity increases withinftquency dispersion. The polarization of watelleooles creates the
gamma dispersion in the gigahertz region wheredibpersion is not strong and has minimal effecttloa electrical
properties of body tissues. The polarization ofutet membranes is an obstacle for an ion to flowii out of the cell and
leads to the beta dispersion. The transport of smmess a biological membrane is related to thhaalfispersion where
increase in tissue conductivity is rarely evidemd @ermittivity shows a significant decrease. Tkistang systems used to
improve security are biometric and password bagstems. The wireless technology is used as a medihis wireless
data communication is based on radio frequency (RHrh have been successfully developed using pomrotocols
such as Bluetooth, Zigbee. A major drawback of lesg RF propagation for miniaturized monitoring ides is the high
power consumption which limits the practical duratbf an operation. Most current research claim Zighee and ANT
has a battery life of three years, but this is Etvaoperating data rate, e.g., 1B transmitted5wein. The IEEE 802.15.4
standard for low power Zigbee protocol indicatesamsmission power output of 0dbm (1mW). Continuopsration at
the maximum data rate of 250 kbps generally constem@ormal lithium ion battery in a matter of houtss evident that
new approaches to ultralow power wireless technobrg required for improving next generation BANMherology. The
proposed system is used to improve the securitygubio signals to access the door using a non-RElegis data
communication technique which uses human bodyastnission medium for electrical signals which prés energy
being dissipated into the environment. It usesamrfelectrodes, microcontrollers and driver circllie data from the
controller is converted to the electrical signalusyng a driver circuit. The resultant signal imwakd to transmit through
the body using surface electrodes. Another eleetisdplaced at different place of the body. It edl$ input from the
human body and feeds the driver circuit. Driver aighal inducing circuit converts the electricajrsdl to the binarized
input. The binarized input feeds the controller andends the command to the driver circuit. Defpmpcupon the

controllers command, devices will be switched ongiglriver circuit.
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EXPERIMENTAL SET UP

The system consists of two nodes such as Tramsnaitid receiver node. The transmitter part consisisicrocontroller,
driver circuit, switches and electrode. The datateansmitted to the driver circuit by pressing stétch. Then the data’s
are transmitted through the human body by surféaxtredes. Switches which are interfaced with theracontroller are
used to start up the operation of transmissionatd.dl he receiver part consists of microcontrollewer circuit, relay and
motor. This part is used to receive data from thmdn body by the surface electrodes. The data'semeived by the
microcontroller using driver circuit. Depend updre tdata from the microcontroller; driver circuitlivgive power supply

to motor by using the relay

Figure 1 & 2 shows the system consists of two nades as Transmitter and receiver node. The tratesnpiart
consists of microcontroller, driver circuit, switthand electrode. The data are transmitted tortherdircuit by pressing
the switch. Then the data’s are transmitted thrahghhuman body by surface electrodes. Switcheshwaie interfaced
with the microcontroller are used to start up thmeration of transmission of data. The receiver mamsists of
microcontroller, driver circuit, relay and motorhi part is used to receive data from the humarytimdthe surface
electrodes. The data’s are received by the mictocler using driver circuit. Depend upon the ddtam the

microcontroller; driver circuit will give power spty to motor by using the relay.

Driver and R
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Figure 1: Transmitter Block Diagram.
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Figure 2: Receiver Block Diagram.
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Mems Accelerometer AdxI330

The MEMS accelerometer contains a tiny cantilevaarb with a proof / seismic mass. The sensor sam@salog signal
as the proof mass deflects from its neutral pasitioder the influence of external acceleration. MEREtcelerometer
made by Analog Devices Inc., ADXL330 is used. Thiedel already deploys multi-axes sensor in threeedsional

space. This provides a great advantage for theruimterest since one does not need to set wgast two small MEMS
accelerometers perpendicularly to obtain two dirmra orientations. Using ADXL330, it is able to asarre the
inclinations of object relative to two dimensioqdanes simultaneously. TAhe devise is also smaflize, 4 x 4 x 1.45
(mm) and consumes low power and integrates thres-agnsor in a single circuit. It also can meabotk dynamic and

static accelerations with enough accuracy thaitisinv-3g and +3g, and sensitivity equal to 320 m\L gr.
Asynchronous Receiver Transmitter (Usart)

The Universal Synchronous Asynchronous Receivendimitter (USART) module is one of the two serig hodules.
(USART is also known as a Serial Communicationsrfate or SCI). Bit SPEN and bits TRISC<7:6> havée set in
order to configure pins RC6/TX/CK and RC7/RX/DTths Universal Synchronous Asynchronous Receivensirétter.

USART Baud Rate Generator (BRG)

The BRG supports both the Synchronous Asynchronmaes of the USART. It is a dedicated 8-bit baud ggenerator.
The SPBRG register controls the period of a freming 8-bit timer. In Synchronous Asynchronous mdiieBRGH also
controls the baud rate. Given the desired baudaateFOSC, the nearest integer value for the SPBRGter can be
calculated. From this, the error in baud rate caddtermined. It may be advantageous to use tlebzigd rate (BRGH =
1), even for slower baud clocks. This is becauseRBSC/ (16(X + 1)) equation can reduce the bateleaor in some
cases. Writing a new value to the SPBRG registasesithe BRG timer to be reset (or cleared). Tindsires the BRG

does not wait for a timer overflow before outpuitihe new baud rate.

The USART transmitter block diagram is shown inUk&3.5. The heart of the transmitter is the tranéserial)
shift register (TSR). The shift register obtairssdata from the read/write transmit buffer, TXRH®e TXREG register is
loaded with data in software. The TSR registeras|naded until the STOP bit has been transmittechfthe previous
load. As soon as the STOP bit is transmitted, tBR 15 loaded with new data from the TXREG regigtarce the TXREG
register transfers the data to the TSR registezufecin one TCY), the TXREG register is empty alag) bit TXIF is set.
This interrupt can be enabled / disabled by séftlagring enable bit, TXIE

| Data Bus

TXREG Register |

LSh

0 . Pin Buffer
! and Control
I

............ RCBITX/CK pin

SPEN

Figure 3: USART Baud Rate Generator.
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USART Receiver

The data is received on the RC7/RX/DT pin and drithe data recovery block. Once Synchronous Asymclus mode is
selected, reception is enabled by setting bit CRENMN heart of the receiver is the receive (seshljt register (RSR).
After sampling the STOP bit, the received datahi@ RSR is transferred to the RCREG register (i§ iempty). If the

transfer is complete, flag bit RCIF is set.

The actual interrupt can be enabled/ disabled tiingélearing enable bit RCIE. Flag bit RCIF isead only bit,
which is cleared by the hardware. It is cleared wtiee RCREG register has been read and is emptyy RCREG is a
double buffered register (i.e., it is a two deep®). It is possible for two bytes of data to beeieed and transferred to the
RCREG FIFO and a third byte to begin shifting te RSR register. On the detection of the STOP bihefthird byte, if
the RCREG register is still full, the overrun ertot OERR will be set. The word in the RSR will lzst. The RCREG
register can be read twice to retrieve the two $ytethe FIFO. Overrun bit OERR has to be clearesoiftware. This is

done by resetting the receive logic (CREN is cldamed then set).

.. A Baud Rale GLK | OERR ] FERR
: ' CREN [

" Bad Rate Generator v!'i-‘

w STOP| (8) r\ . |1 ‘UJ‘.‘&T.QRT‘:
: i
RCTIRX/DT t e | F.
o -
', Pin Buffer Data
/ g and Contro Recavery Fxg \
SPEN |RX30| RCREG Register
FIFO
L
Interrupt RCIF - Bus
niermup! i‘_l ] Data Bus
= RGIE

Figure 4: USART Receiver Block Diagram.
Synchronous Asynchronous Reception
When setting up a Synchronous Asynchronous Regegttow these steps:
» Initialize the SPBRG register for the appropriadeid rate. If a high speed baud rate is desiredyisBRGH.
USART Receiver

The data is received on the RC7/RX/DT pin and drittee data recovery block. Once Synchronous Asymdus mode is
selected, reception is enabled by setting bit CRENMN heart of the receiver is the receive (seshljt register (RSR).
After sampling the STOP bit, the received datahi@ RSR is transferred to the RCREG register (i§ iempty). If the

transfer is complete, flag bit RCIF is set.

The actual interrupt can be enabled/ disabled tiingéclearing enable bit RCIE. Flag bit RCIF isead only bit,
which is cleared by the hardware. It is cleared wtiee RCREG register has been read and is emptyy RCREG is a
double buffered register (i.e., it is a two deep®). It is possible for two bytes of data to beeieed and transferred to the
RCREG FIFO and a third byte to begin shifting te RSR register. On the detection of the STOP bibefthird byte, if
the RCREG register is still full, the overrun ertit OERR will be set. The word in the RSR will lmst. The RCREG
register can be read twice to retrieve the two $ytethe FIFO. Overrun bit OERR has to be clearesoiftware. This is

done by resetting the receive logic (CREN is cldamed then set).
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Synchronous Asynchronous Reception

When setting up a Synchronous Asynchronous Reagpt@low these steps: Initialize the SPBRG regidta the
appropriate baud rate. If a high speed baud ratessed, set bit BRGH.

Surface Electrode

The purpose of an electrode is to act as a connbetween the subject’s skin (where electrical sigiare easier to detect)
and the MP40 acquisition unit (via the 40EL cablean electrode makes good contact with the skia,signals that are

generated will be relatively accurate.

Electrodes are very simple devices that consist sifnall piece of metal designed to make indireotand with
the skin and a larger adhesive plastic disk. Edattrede is about linch (2.5cm) in diameter angticky on one side so it
will adhere to the skin. There is a small piec@laktic mesh filled with a bluish gel. Since gehdacts electricity (better
than your skin) and is more flexible than the mgiait of the electrode, the skin can flex and ckasigape somewhat
without losing the electrical connection with thetal part of the electrode. BIOPAC disposable etelgts are standard
electrodes which are widely used in clinical, reskand teaching applications. These electrode®doratrips of ten and

you should not remove an electrode from the bacuimd you are ready to use it.
Electrode Placement

There are two basic methods of electrode placemamtopolar and bipolar. In a monopolar recordimgaetive electrode
is placed over the region of interest and a refarezlectrode is attached to a more distant pattteobody. In a bipolar
recording the voltage difference between two etelets is measured with respect to the third “refezeelectrode. Leads

I, II, Il are standard bipolar electrode configtimas. The standard bipolar limb leads are
Lead | = right arm (-), left arm (+)
Lead Il = right arm (-), left leg (+)
Lead Ill = left arm (-), left leg (+)

Preparing Electrode Site

If signals are erratic, one way to improve eleatradnnections is to gently rub the area where ldwrede is to be placed.
This is known as abrading the skin and removesraldlyer of dead skin from the surface of the si8mce dead skin
doesn’t conduct electricity very well removingritproves the connection between the electrode andkin. The skin site

can be lightly abraded with a clean dry cloth.
Attaching Electrodes

To attach an electrode, peel the electrode froraitking and place it on the area. Once in plaesspdown firmly on the
electrode with two fingers and rock the electrodekband forth for a few seconds. This will ensina&t it is adhering to

the skin as much as possible.

To help insure that the electrode will make gooettical contact with the skin, you may want to egze a
drop or two of electrode gel onto either the sugfaf the skin or onto the electrode without allogviany to get on

the adhesive.

Impact Factor (JCC): 7.1882 NAAS Rating 3.80
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Connecting the Electrode Lead

Each electrode lead cable is a different color each pinch connector on the end of the cable neebe attached to a
specific electrode. The connector is polarized @elds to be clipped on such that the metal extessiside the clip are

on the down side to make surface contact with kbet®de.
Removing Electrodes

Disconnect the electrode cable pinch connectors! e electrode off the skin and dispose of teetebdes. Wash the
electrode gel residue from the skin, using soapwatdr. The electrodes may leave a slight ringtengkin for a few

hours. This is normal and does not indicate thgthéang is wrong.
RS232 Communication

RS232 is an asynchronous serial communication pobtwidely used in computers and digital systentsisIcalled
asynchronous because there is no separate syrmhpeiock signal as there are in other serial gmols like SPI and
I2C. The protocol is such that it automatically slyronizes itself. RS232 is easily used to creadata link between our
MCU based projects and standard PC.

Basics of Serial Communication

In serial communication the whole data unit, sdyte is transmitted one bit at a time. While ingli@f transmission the
whole data unit, say a byte (8bits) are transmitie@dnce. Obviously serial transmission requiresngle wire while
parallel transfer requires as many wires as therénaour data unit. So parallel transfer is ugettansfer data within short
range while serial transfer is preferable in loagge. In RS232 there are two data lines RX and TDXis the wire in
which data is sent out to other device. RX is the In which other device put the data it needewt $o the device. The
arrow indicates the direction of data transfer.atidition to RX/TX lines there is a third line i.&round (GND) or
Common. As there is no “clock” line so for synmhization accurate timing is required so transioissare carried out
with certain standard speeds. The speeds are ne€asubits per second. No of bits transmitted $® &nown as baud rate.
Some standard baud rates are 1200, 2400, 4800, 9600

Rs232 Data Channels

The data transfer is done in following ways, We enalse of the following components PIC 16F877A Miomtroller,
ULN2003, Relay, Surface electrodes, HD 74LSI4B.

Figure 5 shows Using MEMS accelerometer the pasb\aeta) is sensed and with the axis value it srtes
microcontroller. Switches interfaced with microamfier start up the transmission operation onlthé axis value is above
the threshold range that is programmed in the otvetr Crystal oscillator is used to provide clofilequency to
microcontroller. Data are transmitted to the drigiecuit by pressing the switch which convertsdninto electrical signal,
then transmitted through human body through surédeetrodes. Since body has the electrical propettgnsmits it to the
receiver side which receives data from the humaty lorough the t surface electrodes which isqulaat the other side of
the body. Microcontroller receives data using drisiecuit. Depending on the data, driver circuithswitch on/off the motor
using relay. Here we make use of a device calleN2003 between controller and relay because it né2dspower supply
to operate but the actual power obtained from tteearontroller will be of 5V. This device amplifighe power from 5V to

12V. Thus from the output of the relay the motoitslres on/off which indicates the opening or clgsifithe door.
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Figure 5: Architecture Diagram.

Implementation Using Software

We make use of an embedded C language to progrére controller. The compiler used is CCS.

Transmitter Simulation

When the axis of the character is above 250, diitbertransmitted. Transmission of the data isdatéd by a LED (high).

|
o
EvE
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Figure 6: Transmitter Simulation 1.
When the axis of the character is below 250, ddtahat be transmitted.

e LED will not glow.

* |tindicates the user to check the axis.
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Figure 7: Transmitter Simulation 2.
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CONCLUSIONS

This project has satisfactorily overcome the isaadrressed by the RF wireless technology usedigtirey system. As we

make use of human body as a medium the system lescamre efficient and advantageous. The securgyeBy is

improved by making use of this concept since itvistes natural security. As it consumes less powéncreases the

practical duration of the system. It provides ateiiference free communication and also there wvélinb signal leakage

and it uses a lower frequency ranges. Due to eflehlieasons the security has been improved aimcpitsmentation is also

simple.
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