Microcontroller Design and Bluetooth Signal Transsmn
for the Non-Invasive Health Monitoring System (NI

By: Omer Waseem

EE 4BI6
Electrical and Biomedical Engineering Design Prbjec
Department of Electrical and Computer Engineering
McMaster University
Hamilton, Ontario, Canada



Microcontroller Design and Bluetooth Signal Transsmn
for the Non-Invasive Health Monitoring System (NIBW

By: Omer Waseem

Electrical and Biomedical Engineering
Faculty Advisor: Prof. T. Doyle

EE 4BI16 Design Project Report submitted
in partial fulfilment of the degree of
Bachelor of Engineering

McMaster University
Hamilton, Ontario, Canada
April 27", 2009

Copyright © April, 2009 by Omer Waseem



Abstract

The NIHMS is intended to be a multipurpose healtbnitoring device with
current transducers for measuring photoplethysnminyra(PPG), electro-oculography
(EOG), and temperature. All three of these transducan provide useful data for
diagnosis or experiments and EOG can provide act®fe method for HCI. Through the
use of Bluetooth technology the device can be gaih a wide variety of pre-existing
devices (cell phones, PDAs and computers to nanfewy This makes the device
portable, cheaper and versatile. Data is collectemin the transducers by a
microcontroller with an attached Bluetooth moduwidiich transmits the data to a host
computer for processing. Costs are reduced by mgalkge of pre-existing processing
power and display on the host computer. Dependmghe application the data can be
processed in any way required on the host comphbterthe purpose of this project the
host computer application acts as a TCP/IP sewvendke the data available to clients
over the internet. The data obtained, though nassgufficient for measuring heart rate,
breathing rate, blood pressure, oxygen saturati@hEgDG. Details on the hardware and
software design for the microcontroller and Blugiodata transmission for the NIHMS

are presented in this report.

Keywords: photoplethysmography, PPG, electro-oqalplgy, EOG, temperature,
Bluetooth, wireless, human-computer interface, HElist effective, pulse-oximeters,

health monitoring
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Nomenclature

NIHMS: Non-Invasive Health Monitoring System.

Microcontroller: standalone programmable microprocessor.

PIC: Refers specifically to microcontrollers developgdMicrochip Technology Inc.
Bluetooth: 2.4 GHz wireless technology with standardized imq@atation and protocol.

Host computer: Computer which receives and processes the sigmal ihe NIHMS.
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Chapter 1

I ntroduction

1.1 Objective

In today's hospitals and research laboratoriesethare a large number of
biomedical devices that have become integral tty gaactice. This includes, but is in no
way limited to, pulse-oximeters, imaging devicelol pressure monitors, and various
forms of human-computer interfaces (HCI). Genertligse devices are very expensive
and consequently only available to institutionshweatlequate resources. With the NIMHS
we attempt to provide a cost effective alternativevarious commonly used devices is

such facilities.

The growing implementation of technology in theldi of medicine has had
significant impact on its methods and practice.sTihiegration has changed the face of
medicine in many ways. One technology with suclingwact is the ever growing use of
wireless systems in hospitals and other biomeditstitutions. Local Area Networks
(LANSs) are becoming common in hospitals and integeahand held devices such as
PDAs are now a necessity for doctors and other caégersonnel. Keeping that in mind,
the core objective for this device is to acquireéioiss biological signals and make them
available wirelessly over Bluetooth. From there fignal can easily be transmitted to
other wireless systems or LANs. This would allow éonvenient and round-the-clock
monitoring of patients or test subjects from eda#ytanywhere internet access is
possible. Furthermore, due to the device’s wireleapabilities, certain costs are
significantly reduced by making use of pre-existoigplays and processing power on
other wireless devices.



1.2 Methodology

The purpose of this device is to measure varioakdical signals and transmit
them via Bluetooth to a computer for processingufe 1.1 illustrates the overall concept
of this project. Transducers for determining heai¢, oxygen saturation, blood pressure,
breathing rate and EOG (electro-oculography) aigded by other members of the
group. This report focuses on the remaining pdrth® project. This can be subdivided
into three major design categories: microcontraflesign, Bluetooth link with computer,
and host computer application. These categorie® Hmth hardware and software
components depending on their individual functiomici are detailed in latter parts of

the report.
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Figure 1.1: Conceptual block diagram of the NIHMS.

The microcontroller directly receives an analognal from each of the
transducers which are assigned their own separpte ports. These ports are configured
to direct the signal into the analog-to-digital eerter. From there the digital signal is
transmitted to the Bluetooth module, which is amependent circuit from the
microcontroller but is controlled by it through ABCommands. Through the Bluetooth

module, a connection with the host computer isbdéisteed and then information is



transmitted over the wireless channel. The hostpeen, which is Bluetooth enabled,
receives the information through an onboard apftinawhich transmits the data over

TCP/IP. The data can then be accessed by any ¢cempith available internet access.

Along with diagnostic applications, human-computeerface (HCI) was one of
the applications considered when designing theeptojrhough it did not materialize in
the final design (due to unforeseen issues and limiéations) it remains an area of
interest for this project. The EOG signal receilmdthe device can be processed to
determine the motion of the eyes (horizontal andicad). This can be translated into
cursor motion for a computer, or control of othewides such as powered wheelchairs

for individuals suffering from severe paralysistfwihe exception of their eyes).

1.3 Scope

Since the NIHMS is meant to be a multipurpose dgviichas a broad scope when
it comes to design criteria as well as applicatiidMS collects physiological data from
the subject, which can be used in hospitals foritadng or diagnosis. Alternatively the
device can also come in handy in laboratories whexgeriments require real-time
monitoring of certain subject characteristics (sashheart rate, oxygen saturation and
blood pressure). The device can even be used arsar@al monitoring system for
individuals interested in monitoring their conditjoor that of a loved one. Its wireless
capabilities allow the subject a great degree ofilitg. This is very useful for
experiments that require the subject to move ofopar certain actions and convenient

for patients that require long term monitoring.

In order to ensure that the device was versatileugh for the described
applications, a number of design criteria were mered. In some cases the device could
be used to measure the critical health of a patighich requires it to maintain a stable
connection over its wireless range. This is onéhefreasons Bluetooth was the method
of choice for the NIHMS. Its operating frequencydaprotocol, details of which are

discussed in latter chapters, make it a very ridighoice. Through this we achieved a



stable signal over a 9 meter range from the delimooors). However, that can be easily
increased to a much greater range by simply remiaitie current Bluetooth module with

its external antenna equivalent (sold by the sarmeufacturer).

By using Bluetooth technology, the choice for witan be classified a host
computer for this device is broadened multiple 8roger. Theoretically any device that
is Bluetooth enabled can be used as a host comgtuter includes cells phones, PDAs,
laptops even devices such as Bluetooth headsets. ohly limiting factor is that
depending on the application, the host device mighthave sufficient processing power
or display capabilities. Using a host device eliat@s the need for the NIHMS to have an
onboard display system (reducing costs and contglexind all its remaining processing
power can be directed towards receiving a highsolugion signal from the transducers.
Furthermore, since Bluetooth devices are readimdbin homes, industries and hospitals
alike, the NIHMS has an edge in compatibility wieemmpared to other radio frequency

device (such as the BioCapttifeom Cleveland Medical Devices Inc.).

! http://www.clevemed.com/products_research/prd biesapture_overview.shtml



Chapter 2

Literature Review

The three major areas of research investigateth®opurpose of this project are
microcontroller design, Bluetooth technology andehass technology as it applies to
medicine. This research played a significant raledetermining which parts were
eventually chosen for the NIHMS design, since tlaeeea wide range of microcontrollers
and Bluetooth modules available. The following sdb®ns outline the relevant

literature that played a determining role in theafidesign.

2.1 Microcontroller Design

The basic idea for how this device would functiomsvadopted from Cosmanescu
A. et al. who demonstrated the integration of a RiiCrocontroller (PIC18LF2220) with
a WBTV42 Bluetooth module [1]. Their device (shownFigure 2.1) was designed to
obtain and transmit signals from electromyograpBMG), electroencephalography
(EEG) and electrocardiography (ECG). Though the M81measures none of these
signals, the nature and frequency range of signlatigined from our transducers is very
similar. Therefore picking a microcontroller thabudd at the very least match the
capabilities of the PIC18LF2220 (used by Cosmanésat al.) ensured that the NIHMS
would have sufficient processing power. They oetlirihe following characteristics that
were important in their choice for the microconeal operates on a 3.3V power level, in-
circuit programmable firmware, up to 40 MHz clocgesd, 10-bit analog-to-digital
converter (ADC) channels and an onboard Universghc&onous/Asynchronous
Receiver/Transmitter (USART) module [1].
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Figure2.1: Cosmanescu A. et al. design block diagram [1].

In their design, the signal is first filtered, exttiated and level shifted to ensure
that it is within a 3V range (the operating voltage their device is 3.3V) and biased
positive with respect to ground [1]. Although thisport is not concerned with these
functions (they are covered by other group memfmertheir respective transducers) they
are a determining factor in proper signal acqunsitat the microcontroller. Even though
the signal can be filtered digitally, analog filtey and attenuation minimize the error in
the converted digital signal. Furthermore if thgnsil contains negative components, it
can produce large errors in the signal when coedelly the microcontroller. This
phenomenon is discussed in detail in the desigptehaf this report (chapter 4.6). Once
the signal is filtered, it is converted by the 10-ADC channels and passed to the
USART as a 10-bit binary number. The signal is tlsent serially to the Bluetooth
module for wireless transmission. The overall sangplate of the instrument is governed
largely by the bit rate of the USART. The bit rate the number of bits that are
transmitted serially by the USART. An increasehe bit rate of the serial transmission
directly corresponds to an increase in the samphitgy, and consequently a better signal

resolution.



Along with the hardware design and functionali§psmanescu A. et al. also
detail the software algorithm used by the microoaldr. Their firmware is written in
Assembly. Although more difficult to program in wheompared to other programming
options (such as C), Assembly gives the programaniarge degree of control over the
microcontroller. As per their algorithm, the micomtroller first configures the ADC
characteristics on power on. It then waits for ih&ruction to begin data acquisition.
Once that instruction is given, the process of ik&eg, converting and transmitting the
data begin. The microcontroller samples four ADGrutels, one after another. After
each channel is sampled, its 2 byte binary equitagetransmitted over Bluetooth, while
the next channel is being sampled. The processtepethis fashion continuously (after
the fourth channel is sampled the program goes bacthannel one) until the stop
instruction is given. Their Bluetooth module, upoonnecting with the host computer,
appears as a virtual RS232 port, from which thasiratted data is read. The NIHMS
uses the same method for receiving data on thedsyste. Cosmanescu A. et al. chose
MATLAB to receive and process their data. For ourppses a stand alone application is
more desirable since it gives us more completerabiver how the data is utilized.
Furthermore it eliminates the need to have MATLABtbe host device.

Edward Barnes G. et al. has also developed aedvat is similar to the NIHMS
in functionality [3]. Their implementation also k@ves around a Bluetooth enables
device. Their article lacks significant technica&talls regarding their device; however,
the idea to make the information provide by the M& available over the internet is

credited partially to them. Figure A.2 in Appendillustrates their design.

2.2  Bluetooth Technology

Over the years, Bluetooth has become the standard short range
communication. It is preferred over other formssbiort range wireless transmission
methods due to its lower power consumption, lovestE and greater signal stability [2].
The technology was originally developed by Ericséarmell phone manufacturer), who

later joined with Intel Corporation, Internatioralisiness Machines Corporation (IBM),



Nokia Corporation, Toshiba Corporation, 3Com Coation, Lucent/Agere Technologies
Inc., Microsoft Corporation and Motorola Inc [2].odether they formed the Special
Interest Group (SIG). Due to this overwhelming assttn and collaboration, Bluetooth
quickly became an open standard and allowed foe@aoce and compatibility between
devices made by entirely unrelated corporationss Ihow supported by over 2100
companies worldwide [2]. In this regard the NIHM&rgs a great deal of versatility and

compatibility with third party devices.

SIG developed certain specifications to govern toenmunication between
Bluetooth devices. Protocols for information tramsfvere divided into three logical
categories: transport protocol group, the middlewamotocol group, and the application
group [2]. Figure 2.2 illustrates these groups #meir relation with each other. The
transport protocol group is responsible for loagither Bluetooth devices and managing
the physical synchronous or asynchronous link betmteem. The NIHMS is concerned
mainly with establishing an asynchronous Bluetolink in this protocol group. The
middleware protocol group contains standardized spekific third part protocols to
allow applications to receive and send data. W&tpards to the NIHMS, this protocol
group will create a virtual serial port on the hosimputer through which the transmitted
data will be accessed (as if the device was phigic@nnected through a RS232
connection). Lastly the application group considtthe actual application that processes

the acquired information, which will be developge@difically for the NIHMS.

Applications ] Application Group

TCP/IP HID RFComm ] Middleware Protocol Group

NEDZN

Data

a Host Controller Interface
L2CAP /
Audio
Link Manager
Transport Protocol Group
Baseband
RF |

Figure 2.2: Core Bluetooth protocol groups [2].



2.3 Wireless Technology in Medicine

In the past two decades, the field of medicinedratergone many changes due to
advancements in computer technology. With the dhtotion of new devices and
technigques patient care has improved significaanig that is reflected in the growing life
expectancy in the developed nations (life expegtancCanada now stands at 80.4
year$). Wireless technology is one of the major contidlsi to the increasing efficiency
and reliability of the healthcare system. One sexéimple is the remote monitoring of
blood sugar levels for patients suffering from di@s. Patients can now use their cell
phones to enter their measured blood sugar lefedsl, intake, physical activity levels
and medications. The cell phone then informs thepis about their health and transmits
that information to a doctor for reviéwThis not only makes it easier for doctors to
access patient information but also provides theepiawith the assurance that they are
being looked after. Devices such as the NIHMS &e leing used for continuous health
monitoring and diagnosis. An example of this is telysomnographic Diagnostic
System which was successfully used to examine saafseudden infant death syndrome
(SIDS) [4].

Wireless technology also expands the network airmétion systems present in
hospitals. Picture Archiving and Communication 8yst (PACS) is an example of such
a system. With PACS, diagnostic images taken froRl,MCT Scan, PET/CT, Ultrasound
or a number of other imaging modalities, can beoagd to universal servers, from
where it can be accessed from anyone in any hosmitmected to the netwdtkThis
increases the ease and speed with which a diagrensise made, and also eliminates the
problems associated with previous methods of gganmages (hard copies which could
be lost or misplaced). Though PACS is not necdgsamvireless system (certain parts of

it are), it is a great example of how networks raprove medical practice. Figure A.1 in

2 Life expectancy hits 80.4 years: Statistics Can&@®C News, Jan. 142008, Retrieved: Apr. 242009
from: http://www.cbc.ca/health/story/2008/01/14/testats.html

3 Cell Phones Manage Diabetes, ScienceDaily, SEp0a8, Retrieved: Apr. 242009 from:
http://www.sciencedaily.com/videos/2008/0902-cefiopes_manage_diabetes.htm

* Diagnostic Imaging Services, St. Joseph HosgRetrieved: Apr. 24 2009 from:
http://www.stjosephhospital.com/Diagnostic-ImagiBervices



Appendix A illustrates how PACS has improved on ¢baventional method of storing

patient images.

Hospitals are now looking to increase the use ofeless technology and
networks in their facilities. A 2004 survey of 3ddith organizations in the United States
of America showed that over 80 percent of hospiailser already have, or plan on
implementing wireless Local Area Networks (LANSs) time next 12 months. Another
survey published in February of 2005 showed thatpé8cent of 253 healthcare
executives will use wireless systems and 54 persglhtuse handheld devices in their
daily practicé. Since the NIHMS is compatible with both LANs @hgh a TCP/IP
server) and handheld devices (through Bluetootlgan be a useful tool in this growing

market of wireless medical technology.

® Havenstein H. Industry Focus: Wireless in Heal#nel TECHWORLD, June 2122005, Retrieved Apr
24" 2009, from: http://www.techworld.com/mobility/femes/index.cfm?featureid=1469
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Chapter 3
Statement of Problem and M ethodology of Solution

This chapter will outline the technical objective the project and provide the
theoretical and technical knowledge related todiseelopment of the final design for the
NINMS. Tools and programs essential in develophegftnal solution are also discussed
to give the reader practical knowledge regardirggNitHMS design process (detailed in

the following chapters).
3.1 Problem Statement

For simplicity the design objective for this repoan be broken down into three
categories: microcontroller design, Bluetooth liakd host computer application. The
microcontroller design consists of both hardware aoftware components. Though
microcontrollers are designed to operate with malimmircuitry, it is still required to
ensure proper functionality, and in certain casks,acquire specific operational
characteristics (such as higher clock speeds).nfdia hardware challenge is to develop
the support circuitry to minimize interruptions rinovoltage source fluctuations and to
achieve the maximum possible clock speed (to enthateenough processing power is
available). The software component is a much lapget of the microcontroller design
than the hardware. The software that will be imsthbn the microcontroller will have
two tasks. First, it must configure the analog-igitdl converter and then carry out the
conversion process for all the input channels. Thisconvert the data from an analog
signal into a 10-bit binary number. Secondly, tludtveare will be responsible for
communicating with the Bluetooth module. Like th®@®, the Bluetooth module will

also have to be configured through the softwareceCnwireless link is established with

11



the host computer, the software will need to trahghe acquire data from multiple
channels (at least 4). Additionally the data widcaneed to be time-stamped so that

information such as heart rate and breathing ratebe calculated.

The second part of the problem is establishingBhestooth link between the
computer and the NIHMS. This problem is more coogiéd than it might originally
sound. The Bluetooth module communicates with tiezaoontroller though the USART
port, which enables a serial connection betweentwlre The microcontroller can then
control the Bluetooth module by sending it ASClhwoands. In case the module does
not perform the desired action, it is difficult teeasure or determine the exact response
of the Bluetooth module (due to the limited disptapabilities of the microcontroller).
This problem is further complicated by the facttttiee user is limited to the amount of

control provided by the module manufacturer.

The last part of the problem is development ofaad alone application that will
receive the transmitted information. The applicatiat the very least, should be capable
of receiving the data and then splitting it intoltiple data files (one for each transducer),
corresponding to the number of input channels. dgy@ication might also be required to
initiate the Bluetooth connection, or control theddule. Beyond that, the potential
features that can be incorporated into the apphicatre endless. The data can be
processed to provide the subject with a healthustarr it can be transmitted to a
healthcare personnel for analysis. The applicattan even implement a HCI as

discussed earlier in the report.

3.2 Solution Methodol ogy

This section will outline certain concepts and sotthat are important for a
complete understanding of the design process. €htos also introduces the specific
components used in the NIHMS’s microcontroller @&@idetooth module design for the
first time. The main components used in the deprgcesses are as follows: Microchip’s
PIC18F2620 and PIC18F4620 microcontrollers, MiciphPICkit 2.0 programmer and

12



software, and Microchip’s MPLAB development envinment. The Bluetooth module
(A7 Engineering’s eb301) is also a major componkatyever its specifications will be

discussed in the following chapter.

The PIC18F2620 and PIC18F4620 are both flash prograble microcontrollers.
PIC18F2620 has 28 pins, and the PIC18F4620 is Gipid equivalent. They are
illustrated in Figure A.3 and Figure A.4 respedjvén Appendix A). They both have
the same processor architecture, with the only htetaifference being that the
PIC18F4620 has more ports for input or output. iiterocontroller can be programmed
through a 6-pin connection with the PICkit 2.0 peogmer (shown in Figure A.5 in
Appendix A). This connection between the PIC anel phogrammer is illustrated by
Figure 3.1. The pins listed in the figure are pnésen all compatible Microchip
microcontrollers (including the 2620 and 4620 PI®sh 1 is used to reset the PIC or to
trigger its programming mode, and pins 2 and 3lmnsed as a voltage source to power
it. The actual programming is done through pinsd &. Pin 6 does not seem to serve

any purpose and can be disconnected without arsecquences.

Pin Descriptions

1 -VPPMCLR

2 —VDD Target

3 —Vss (Ground)
4 — ICSPDAT/PGD
5— ICSPCLK/PGC
6 — Auxiliary

O e LD R —

Figure 3.1: PICkit 2.0 programmer pin connectiéns

In order to program the microcontroller, the peogris first written in the
MPLAB development environment. The user has thdcehof either programming in

Assembly or C. Assembly is more difficult and lessuitive to program in when

& ww1.microchip.com/downloads/en/DeviceDoc/51553E.pd

13



compared to C; however, it provides the user widmglete control over the PIC. For
certain cases where the application is time sersthe programming has to be done in
Assembly. For the NIHMS, however, the programs banwritten in either language.
Once a program is written, it is compiled by MPLARo a *.hex file. This file is loaded
into the software provided with the PICkit 2.0 prammer which transfers the hex
information onto the flash memory of the microcofiar. The PIC will then begin

executing the program immediately upon power up.

14



Chapter 4

Experimental and Design Procedures

In this chapter, a detailed account of the depigeedures and experiments to test
for proper functionality are given. A logical ordisrfollowed in which procedures and
experiments are introduced in generally the samderan which they were performed.
Components and design changes are introduced wnsotoer in the procedure. For a
complete list of the components used for this mtojelease refer to Table B.1 in
Appendix B. There are a large number of microcdler® available from different
manufactures; however, Microchip’s PIC was the pssor of choice due to the large

amount of literature available regarding its use.

4.1 Microcontroller Support Circuitry

The initial design was adopted from Dr. Reese’'sree website at Mississippi

State University and minor modifications were nfadéhe website contains extensive
information on the PIC18 architecture, along witbcture notes and laboratory
procedures. The circuit diagram for the modifiedsige is shown in Figure 4.1.
Originally the PIC18F2620 was used due to its senaize. A 9V power supply is sent
through a 5V voltage regulator (7805) to providestable DC voltage. The LB
capacitors help to eliminate any high frequency valtage. The output from the 7805
regulator is approximately 4.83V, not 5V. The sig@ince of this value has to do with
the A/D conversion process and will be discusstst ia the report. An LED followed by

a resistor is connected to the output of the veltagulator as an on/off indicator for the

" R. Reese. ECE 3724 - Microprocessors. Departnfdfieotrical and Computer Engineering. Retrieved
Nov 20, 2008, from: http://www.ece.msstate.edu/sesifece3724/index_pic18.html.

15



microcontroller. The output node from the regulasoalso shared by the Vdd pin on the
microcontroller which is connected to the Vss mno(nd) through a OuF decoupling
capacitor. The same node is also connected to gpepih through a 13k resistor in
series with a LED (a simple diode is sufficientprad with a switch that connects to
ground to form the reset circuit. Through this thierocontroller can be reset by bringing
Vpp down to ground. A crystal, along with two 15p&pacitors leading to ground, is
connected to the Oscl and Osc2 pins of the mictoatar to create a 40 MHz oscillator.

L
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7805 |
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( )our 10uF o
v 1 iR s
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= Vas o
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PIC18F2620]

Oscl

Osce

Figure4.1: Support circuitry for the PIC.

Several tests were performed on the microcontredl@nsure proper functionality
by connecting LEDs to the output ports to indicHte result of different programs.
Initially the microcontroller did not execute evére simplest of programs. After research
and debugging it was discovered that the MPLAB Iided to write and compile the
programs was not assigning the configuration laitthe microcontroller properly. These
bits are used to customize the function of the B$Glesired by the user. They control
aspects like clock speed, on/off states of cetiemers and the device’s operation mode,
to name a few. The configuration bits were set mlipuas part of the code, to resolve

this issue. The PIC now executed programs witlaoyt problem. Simple programs for
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blinking LEDs at different ports were written tostethe digital input and output
functionality of the ports.

4.2 Analog-to-Digital Converter

Extensive time was spent on the A/D operation efrtiicrocontroller since that is
the first step in processing the analog signalsiftee transducers. The microcontroller’s
internal voltages, Vdd — Vss (~4.83V — 0V), wereedisas reference. 10 LEDs were
attached to as many output ports in order to dysipla 10-bit binary number produced by
the ADC. The program written to test the ADC finsitialized its characteristics
(choosing the desired input port, conversion tinesplt type, etc). Then, in an endless
loop, the program gave the command to begin theargion process and waited for the
result to become available. The result was spla two since the converter produces a
10-bit number and the PIC’s ports only have 8-aitsailable. One port displayed the two
most significant bits (MSB) and another port digpld the rest of the bits through the
attached LEDs. As long as the PIC was powered,tfosess repeated indefinitely. A
variable voltage source was attached to one ofAIDE channels and the voltage was
slowly increased starting from zero. Initially thacreasing voltage produced an

increasing binary number, which was the desirepgaese.

When the supplied voltage to the ADC was taken bdyB8.72V, a critical
problem was encountered. All the LEDs turned amdaiaed on for any voltage beyond
that point, indicating that the ADC was saturat@dginally the hardware design used a
6V voltage source to power the circuit. It was assd that 5V would be supplied to Vdd
through the voltage regulator. However, when th® A&bnverter saturated at 3.72V
instead of 5V (at 3.72V all 10 LEDs were on), itsamdiscovered that the regulator was
actually outputting 3.72V. This is a problem beaatlse transducers will be supplying a
signal up to 4.5V. The voltage source was increase?V in order to supply 4.83V to
Vdd. Now the LEDs saturated at 4.83V, which is atakle since the actual signal will
not exceed 4.5V.
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4.3 Thermometer

After the first transducer (thermistor Wheatstona@e to measure temperature)
was completed, it was interfaced with the microoalfér to perform a more complete
test of the hardware and ADC software design. Tado@ signal was received at port A
and temperature was displayed on a 3 digit 7-segirieD connected to ports B and C
(please refer to Figure A.3 for the location ofslgorts). An equation, determined by
the transducer’s circuitry, related the measurdthge to the corresponding temperature.
Through this the temperature was determined froenréisult of the ADC. Port B was
used to display the individual number, and porattached to three 2N3906 transistors,
was used as the digit selects. Both ports contislyoefreshed the data for all digits.
Figure A.6 in Appendix A illustrates a very similaircuit except for a different
microcontroller, and a keypad is used as the digict instead of a port. In reality only
one digit is displayed at a time; however, sinds finocess repeats at a very fast rate, all
3 digits appear to the user simultaneously. Taldleshows the results of the temperature
transducer in comparison with a digital thermomelére obtained values were very
close to measured ones. The difference was maiak/ td the fact that the digital
thermometer recorded a value and then displayddstrae value until reset. However,
our thermometer circuit continuously updated theagerature value, which made it
susceptible to artifacts. Overall the thermometeud was a success. The PIC firmware

used along with the circuit can be found in Apperi

Table4.1: Temperatures measured from different areas oskine

Temperature from Digital Corresponding Temperature from
Thermometer ("C) Wheatstone Bridge Circuit ("C)
32.0 32.0
33.1 33.3
32.2 32.1
32.8 33.1
32.6 32.7
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44 LCD Module

Since the eb301 Bluetooth module acquired forNHdMS is operated through
ASCIlI commands, an LCD module was also acquirethabthese commands and their
response from the Bluetooth module could be digalayn this regard, it proved to be a
valuable debugging tool. The LCD was attached tispB and C, similar to the LED
display. However, unlike the LED, the LCD only régal certain commands to display
the required characters (represented by binaryegaprovided in the datasheet). This
module was removed from the final design of thggmtoin order to create a more power-

efficient device.

The setup for the LCD module was straight-forwand outlined in detail in the
provided datasheet. Before the module could be,usdthd to be configured. This is
done by sending the module certain 8-bit valuespatific time intervals. These values
govern the characteristics of the display suchaas fmany lines will be used, the type of
cursor (if present), blinking or not, etc. The oglyallenge faced in integrating the LCD
module was determining how to acquire exact timdedays, since the module is
somewhat time sensitive (commands can only be aegertain time intervals). Pre-
existing delay algorithms were implemented withosiiccess. These algorithms
incorporated a large number of header files, wiaclsome reason could not be found by
the compiler, even after their existence in theumegl folder was confirmed. In order to
get around this issue it was decided that emptyloimgps with a specific number of
repetitions would be used to create the neededysleldsing an oscilloscope, the
execution times of various for-loops was determingd LED would turn on at the
beginning of the for-loop and turn off when the golnished. The duration of the time
the LED was on for (determined using an oscillog}pgvas the execution time of the
for-loop. The results from this experiment can bersin Figure 4.2. X represents the
literal value in the following for-loop delay: f@t = O; | <= X; I++);. For this graph the
following equation was determined, which provedyveseful when ever a certain delay
was required (not just for the LCD module):

Delay in microseconds =2 * X + 4 Q)
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or

X = (Delay in microseconds —4) / 2 (2)
The only limitation of this method is that only eveumbered delays can be produced as
evident by equation 1. The actual data obtaineth ftbis experiment can be found in
Table B.2 of appendix B.
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Figure 4.2: Delay produced by varying X values in a for-loop.

45 USART Setup and Bluetooth Connection

From this point onwards the PIC was changed to 4ilspin equivalent
(PIC18F4602) due to a shortage of pins on the PR2&80. The second major challenge,
after the ADC, was establishing a Bluetooth linkhwe computer. However, before the
link could be established the USART port of the RHZI to be configured. This port was
responsible for the asynchronous serial transmiisseiween the PIC and the Bluetooth
module (shown in Fig A.7 of Appendix A). ThroughetddSART, ASCII commands can
be sent to eb301 module which enables it to perfammumber of actions. This includes

scanning the area for other Bluetooth devices, eciimg to a specific device,
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disconnecting, etc. The physical connection betwt#en USART and the eb301 is
illustrated by Figure 4.3. Data is transmitted bedw the two components through two
wires. One wire goes from the transmitting endhe PIC to the receiving end of the

eb301 and vice versa for the other wire.

PIC18F4620
USART
Tx Rx
e¢b301
Rx Tx

Figure 4.3: Serial connection between the PIC and the Blubtowidule.

) S 1 2 3 4 5 6 7 8
Incoming A 5
Data R T

T ! o
Sample 1 I P
Strobe RN T AR
Output O T T T L T L T T
a. Best case, reéceiver samples at midpoint of each bit.

) > 1 2 3 4 5 6 1 8
Incoming A 5
Data B T

T ' 0
Sample 1 | P
Strobe v [ | T| |T 1 T 1
Output I T T T T T T T T

h. Receiving clock is too slow, causing hit 4 to b skippad
and the data to be corrupted.

Figure4.4: Ideal (a) and corrupted (b) data during a seraigmissiofi

8 http://www.quatech.com/support/figures/async1.gif
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Figure 4.4 illustrates the basics of asynchroneulstransmission. A single byte
is transmitted bit and bit from the transmittingderiThe process is initiated and
terminated by a start and stop bit respectivelyotJpeceiving the start bit, the receiver
samples the data at specific intervals governeitisidyaud rate. Baud rate is a measure of
how often the serial channel changes states insenend, and is set by the user in the
initial configuration of the device. In order toseme a proper serial transmission (top
diagram of Figure 4.4), both the transmitter antbrger must have the same baud rate
associated with them. If the baud rates differnttiee received data is corrupted (bottom
diagram of Figure 4.4). In reality baud rates alsvalffer slightly from each other,

because of which a certain percent of the datarsally corrupted.

Originally a lengthy program was written that cguofied and controlled every
aspect of the USART setup and execution proceestiined by the PIC’s datasheet. The
USART was then connected with the Bluetooth modslehown in Figure 4.3. When the
command to connect to a Bluetooth device was dns(pplying the eb301 with the
specific Bluetooth address of the computer) nothiagpened. The computer could see
the module when a scan for Bluetooth devices wa®nmeed on it. A connection could
be established by initiating the command from tbhenguter itself. However it did not
resolve the issue because no data could be sentlie PIC itself. It was determined that
the module was working properly and the error wasent in the created program. After
further investigation of the problem on online fiora it was discovered that Microchip
had provided pre-made libraries for controlling th8 ART module. Through the use of
these libraries the USART port could be easily mpaed and ASCII commands could
be sent simple by calling the putsUSART(string)clion. Once the usart.h library was
implement the same connect command was sent t8lttetooth module. This time a
successful connection was established with thewvatlg characteristics: 8-bit, 9600

baud rate and no parity.
For the final design of the firmware, the baud rates increased to 57600 to

increases the sample rate of the device. Furthermstead of the NIHMS connecting to

a Bluetooth device on power it, it was programneddtively wait for another device to

22



connect to it. The advantage of this is that noerahis no need to determine the
Bluetooth address of the host device. It is alssenamnvenient to perform a scan for
Bluetooth devices on the host computer, which hasuah better display and user
interface. This way any device can easily conne¢hé NIHMS and start receiving data

instantly.

4.6 Transducer Integration

Before the Bluetooth link was established, the RPahsducer developed by
Yousuf Jawahar was integrated with the microcolgrdb ensure that it did not change
the signal acquired from the PPG circuit. At thisind the analog signal could be
converted into binary but could not be transmittedr Bluetooth. Instead the signal was
displayed on the LCD as a continuous numericalejaéuind the analog signal from the
transducer was displayed on an oscilloscope. T¢eakhad negative components so an
external voltage reference of -4.5V — 4.5V was usstkad of internal references (which
could not go below zero). When the transducer wamected with the PIC it was
discovered that any negative voltage, though witherreference voltage, was attenuated
from the signal to OV. Furthermore, in some cabesniegative voltage was also causing
the PIC to be reset, a very undesirable resulterAdiscussing the problem with our
faculty advisor, Prof T. Doyle, we were advisedstuft all transducer signals to an
entirely positive range. It is believed that sititze microcontroller itself does not operate
on a negative voltage range, it is incapable okikéeg negative signals. Once the
transducer signal was shifted to an entirely positange (through the use of summing

amplifiers), the PIC was able to convert the ergignal without any problems.

Once the Bluetooth link was established, a monmmpdete integration of the
transducers was performed. The two transducemhéasuring PPG and two channels of
EOG (vertical and horizontal) were connected toRHe. Each channel was sampled one
after another. Once all four channels were samglesl,data was composed into one
string with the following form: ‘B[data 1];[data 2dlata 3];[data 4]. The data was

successfully received and decoded by the host ctanppplication and stored into four
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separate files. The results of this transmissian @iscussed in further detail in the
following chapter. The final PIC firmware used fibris transmission can be found in
Appendix C. A picture of the final design prototypen be found in Appendix A (Figure
A.8).

4.7 Host Computer Application

Once the Bluetooth link between the NIHMS and thesthcomputer was
established, a C# program was written to receieetthnsmitted data. Once connected,
the eb301 Bluetooth module appeared as a virtual g®rt on the host computer. The
C# program was successfully able to receive tha filat the remote device and save it
to a file, as well as displaying it on the scre®nce a successful transmission was made
Yousuf Jawahar developed a more complete prograRuby. The program was able to
graph the received data, as well as saving it fdbea Furthermore Yousuf's program
opened a TCP/IP channel and transmitted the daga the internet to any client
connected to the server (original program on th& bomputer). Details of this program

are available in his project report.
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Chapter 5

Results and Discussion

Upon establishing a successful Bluetooth connedigtween the NIHMS and the
eb301 module, a number of tests were conducted dasame the accuracy of the
transmitted single. The purpose of this chapteoipresent and discuss these results in

detail.

5.1 Transmission At 5.92 kbps

In order to determine the transmission rate, sargfdiiequency and signal noise
characteristics of the NIHMS a 1 Hz sine wave wseduas the input signal. Figure 5.1
shows a part of that acquired single. By averagiregnumber of samples between each
peak of the sine wave (every second since it iglasieg at 1 Hz), it was determined that
approximately 37 sample were present for one perfdte wave. This translates directly
into a sampling frequency of 37 Hz. For each daiatpn Figure 5.1, a total of 20 bytes
are transferred from the NIHMS to the host compireone packet of data. This is
because all four channels of the remote devicaetreely transmitting their data, and the
sine wave is inputted to just one of the chanrigdeh channel sends a 4 byte data point
to the host computer for a total of 16 bytes frdhficur channels. The data points in each
packet are separated by three semicolons, and paeiet starts with the character ‘B’
to indicate its beginning. This adds 4 more byteshe packet for a total of 20 bytes.
Therefore the transmission rate can be calculaggtdfollowing equation:

Transmission rate = sampling frequency * numbdryaés * 8 bits per byte

= 37 Hz * 20 bytes * 8 bits/byte
= 5920 bits/s
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Figure5.1: 1 Hz sine wave sampled at 37 Hz.

5.2 Transmission at 20.8 kbps

Although a transmission rate of 5.92 kbps providefficient resolution for
determining the desired characteristics of the etipja higher sampling rate would
provide more accurate results. As the sampling isaiacreased, the resolution of the
acquired also signals increases. As discussed apteh 2, the most significant
determining factor in the sampling rate is the taite of the serial transmission [1].
Though the bit rate and baud rate are not identdaracteristics of the serial
transmission, they are closely related. Generallyirerease in baud rate results in a
higher bit rate and consequently a higher samgiieguency. In order to increase the
acquired signal resolution the baud rate was ise@déo the maximum possible amount
of 57600. Even though both the PIC and the Bluétoobdule are capable of operating

on higher baud rates, the serial transmissiondaitehigher values.
Similar to the previous section, a 1 Hz sine wawas wansmitted through one of

the four active channels. Figure 5.2 is an illugtraof a small part of that signal. By

averaging the number of samples between each peafiothe acquired signal the
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sampling frequency was determined to be 130 Hzs iBha significant improvement over
the previous sampling frequency of 37 Hz. The tmaasion rate for a baud rate of 57600
can be calculated using the same equation as jpréweus section.
Transmission rate = sampling frequency * numbdryaés * 8 bits per byte
=130 Hz * 20 bytes * 8 bits/byte
= 20.8 kbps

Figure5.2: 1 Hz sine wave sampled at 130 Hz.

5.3 Transmitted Sgnal Characteristics

When the two figures of the acquire sine wavescarapared, the changes are
very significant and notable. Because of the higleanpling frequency (over 3.5 times
greater than that of Figure 5.1) Figure 5.2 appeawush more like a sine wave. Both
graphs; however, contain a significant amount oorewhich is most notable near the
signal peaks. The error is introduced into the aigit the microcontroller, most likely
during the analog-digital conversion. The incressbaud rate and sampling frequency

seems to have little effect on this error. Howeathigher the sampling frequency it is
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somewhat masked due to the resolution. The Fouiremsform of the signal in Figure
5.2 is shown in Figure 5.3 and it illustrates tlgmdicant amount of error present in the
acquired signal. The peak at 1 Hz is the sine \itse#f; whereas, the rest of the signal is
essentially noise. This noise seems to be mostiymBi€e. Though it seems to overwhelm
the signal, the fact that it is mostly DC has restleffects on the final signal. Reasons
for this noise are still unknown but it is suspdctkat further calibration of the ADC
configuration can eliminate it. If that fails, thehe same signal can be acquired at
multiple ADC channels and added together. If thsends Gaussian, then with enough

additions of the same signal it will cancel itsalit to a large degree.
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Figure5.3: Fourier Transform of a 1 Hz sine wave sampled3atHz.

Even with the noise the device is able to produseful data. Figure 5.4 is an

actual PPG measurement sampled at the lowest fiegué 37 Hz, and it represents the
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worst possible signal provided by the device. Eaethis configuration the heart rate can

be easily determined.

Figure5.4: PPG waveform sampled at 37 Hz.
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Chapter 6

Conclusion and Recommendations

Overall the final design of the device functionexactly as expected with a
reasonable amount of accuracy. Due to time linoiteti further improvements on the
design were not possible. However, the initial goals to ensure that the device
functions and there is at least some data to psosesmatter how noisy. The acquired
signals were processed successfully by other mesrdfethe group, for their respective
transducers. The acquired values were compardtetortes measured from commercial
devices. Though the values were not always accuteehanges and trends of the signal
were preserved even with the given noise. Howewdren measuring EOG signals
through the NIHMS the noise made it difficult tapess the signal. This was mainly due
to the fact that the EOG signal already possesskigladegree of noise from motion
artifact. Because of that reason a Human Compuaterface (HCI) using EOG could not

be developed; however, it still remains as a stiameg of interest.

The most attractive part of the NIHMS is its Blustto capabilities. For reasons
discussed in chapter 2, the device gains a gredtadecompatibility with virtually any
Bluetooth enabled device. Any device that is wittainge of the NIHMS can receive data
from it by simply connecting to it (given that appdication is available to receive that
data). In case that data needs to be accessed liplenusers, the developed server
application can connect to the device through Blogt and then transmit the received
signal over TCP/IP to a large number of clientstiAthis functionality the NIHMS
fulfills the criteria for a developing wireless temlogy in the field of medicine, as
outlined in chapter 2.
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There are a number of recommendations for how tertiais device better suited
for the medical field. As the NIHMS stands nowisittapable of performing most of the
tasks that were proposed when it was being postlil@heasuring heart rate, breathing
rate, blood pressure, etc.). However, the valugaimmdd by our device can not be used
for clinical applications due to the amount of efeesent in its recording. The following
recommendations can help lessen the gap betweeatettetoped device and those used
commercially for clinical practice. First and forest, the level of noise in the acquired
signal needs to be reduced. This noise originates footh the transducers and the
microcontroller. It is recommended that better guasensors be used to eliminate
instrumentation noise. At the microcontroller, het calibration of ADC might help
reduce the noise it adds. Digital filters, suchirHg filters, can also be implemented in the

microcontroller or the host computer to furtherueel the overall noise of the system.

Currently the NIHMS has a minimum range of 9 metewer which it can
maintain a stable wireless connection. In somesctse range might not be enough. The
choice of the eb301 Bluetooth adapter enables ¢heeel to increases its operating range
by using the external antenna equivalent module.sbitware changes are needed, a
simple switch of the modules will provide the useth a much larger range. Similarly if
a more compact size for the device is desireds recommended that the PIC18F2620
microcontroller be used instead of the PIC18F4@20wever, unlike the Bluetooth
module, this switch with require minor firmware apes. Lastly, the device currently
only transmits signals to the host computer, aeditimware does not support transfer of
information back to the microcontroller. In the dtg it is recommended that bilateral
communication be implemented to allow the host aamep control over the
microcontroller. This will eliminate the need fdret microcontroller to be re-programmed

if any changes are implemented, and add a multibhdew features to the device.
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Appendix A: Supplementary Figures
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FigureA.1: PACS compared to conventional method of procesaimpstore imagés
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Figure A.2: Block diagram of the Edward Barnes G. et al. momtpsystem [3].

MCLRNVPR/IRES —=[]°1 ~ 28
RAD/AND =—=[] 2 27

RATANT =—=[] 3 26
RAZIAN2/VREF-ICVREF =—=[ | 4 25
RAJAN3NVREF+ =[] & = 24
RA4TOCKIC1OUT =[] & a9 23
RAS/ANASS/HLVDIN/IC20UT =—=[] 7 Pl 22
vss—=[] 8 0 ® 21

OSC1CLKIRAT =—=[] g (SIS 20
OSC2ICLKO/RAE =—=[ |10 oo 19
RCOM10SOIT13CK] =—= [ 11 18
RCUT10SICCP2T) =—=["]12 17
RC2/CCP1 =—=[13 16
RC3/SCKISCL =—=[ |14 15

| == RB7/KBI3/PGD
] = RBE/KBIZIPGC
] =—= RB5/KBI1/PGM

| ] =—= RB4/KBIDJANT1
] =— RB3/ANg/CCP2(1)
] =—= RB2/INT2/ANS

] =—= RB1/INT1/AN10
] =—= RBO/INTO/FLTO/ANT2
1 =—voo

:] - \/55

] «<— RCT/RX/DT

] =—= RCBITX/CK

] =—= RC5/SDO

] =—= RC4/SDI/SDA

Figure A.3: Pin structure of the PIC18F2620 microcontrdfler

19 \ww1.microchip.com/downloads/en/DeviceDoc/39626b.pd
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MCLR/NVPR/RE3 —[] 1 / 40 [] =—= RB7/KBI3/PGD
RADAND =[] 2 39 [] =——= RBE/KBI2IPGC
RATANT =—=[]3 38 [] =—= RBS/KBI1/PGM
RA2/AN2VREF-ICVREF —«—[] 4 37 [] =——= RBA4/KBID/ANT
RA3/AN3/VREF+ =[] 5 36 [ =—= RB3/ANI/CCP2!)
RA4/TOCKICIOUT ——=[]6 35 [] == RB2/INT2/ANS
RAS/AN4/SSHLVDIN/C20UT =—=[]7 34 [] =——= RBU/INT1/ANTD
REO/RD/ANS -—[] 8 © o 33 =— RBUINTOFLTO/ANT2
RE1/WR/ANG =—[] 9 o ©  32[]=——VID
RE2TSIANT —=[ 10 1§ o 310 —Vss
VDD —— [] 11 ® ® 330 =~—= RDV/PSPT/PID
Vss -] 12 Q O  29[0-=— RDBEPSPE/PIC
OSC1/CLKIRAT =[] 13 O O  28[] == RD5/PSP5/PIB
OSC2ICLKO/RAE w—e[] 14 57 [] =—= RD4/PSP4
RCOM10SOM13CKl —=—s[] 15 26 [0 =——= RCT/RX/DT
RCUTI0SICCP2M e w16 95 [] == RCBITXICK
RC2/ICCP1PIA =—[] 17 24 [] =— RC5/SDO
RCISCKISCL =—=[] 18 53 [] =—= RC4/SDISDA
RDO/PSP0 =—[] 19 55 [] =—» RD3/PSP3
RD1/PSP1 =[] 20 21 [] =—= RD2/PSP2

Figure A.4: Pin structure of the PIC18F4620 microcontrdller

Legend:
1 - Status LEDs 3 — Lanyard Connection 5—Pin 1 Marker
2 — Push Button 4 — 1JSB Port Connection 6 — Programming Connector

Figure A.5: PICkit 2.0 microcontroller programmiér

™ \ww1.microchip.com/downloads/en/DeviceDoc/51553E.pd
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Figure A.7: eb301 Bluetooth module used for the NIHMS
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Appendix B: Supplementary Tables

Table B.1: Complete list of components used for the project.

ltem Quantity
PIC18F2620 microcontroller 1
PIC18F4620 microcontroller 1
PICkit 2.0 programmer and software 1
LITE-ON’s 7-segment 4 digit LED 1
display (LTC-4627JR)
Newhaven Display’s 12x2 LCD 1
module (NHD-0212WH-AYGH-JT#)
A7 Engineering’s eb301 Bluetooth Module 1
10 uF capacitor
0.1 uF capacitor 2
15 pF capacitor
470Q resistor* >4
10 kQ resistor 1
7805 voltage regulator 1
Crystal oscillator
LEDs* >4
2N3906 Transistors 3
Protoboard 1

* - These components were used together and theuat varied in the design process.
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Table B.2: Data from the for-loop delay experiment.

X Delay (us) X Delay (1s)
1 6 40 84

2 8 50 104

3 10 60 124

4 12 70 144

5 14 80 164
10 24 90 184
20 44 100 204
30 64
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Appendix C: PIC Programs

C.1: PIC Firmwarefor the Thermometer

#pragma config OSC = HSPLL, FCMEN=OFF, PWRT = OBBREN = OFF, WDT = OFF, WDTPS =
128, MCLRE=ON, LPT10SC = OFF, PBADEN=OFF, CCP2MX=+PI, STVREN=0ON, LVP = OFF,
XINST=OFF, DEBUG = OFF

#include <p18f4620.h>

void main (void) {
char c[10];
inti, j, t, x;
double vin;
TRISC = 0b00000000;
TRISB = 0b00000000;
j = Oxff;
c[0] = 0b00000011;
c[1] = 0b10011111;
c[2] = 0b00100101;
c[3] = 0b00001101;
c[4] = 0b10011001;
c[5] = 0b01001001;
c[6] = 0b01000001;
c[7] = 0b00011111;
c[8] = 0b00000001;
c[9] = 0b00001001;

while (1) {
ADCON1 = 0b00001110;
ADCONO = 0b00000000;
ADCON2 = 0b10100001;
ADCONO = 0b00000001;

for (i = 0; i <= Oxff; i++);
ADCONO = 0b00000011;
while (ADCONO == 0b00000011);

vin = 4.764*(((double) ADRESH*2*2*2*2*2*2*2*2 +
(double)ADRESL)/0b1111111111);
t = (int)((-11.538*vin + 50.731) * 10); // tempeure equation

for (x = 0; x <= OXFF; x++){
PORTB = 0b11111111; // first digit
PORTC = 0b00000110;
PORTB = c[(t/100)];
for i=0;i<=j; i++){}

PORTB =0b11111111; // second digit
PORTC = 0b00000101;

PORTB = c[((t/10)%10)]-0b00000001;
for i=0;i<=j; i++){}
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PORTB =0b11111111; // third digit
PORTC = 0b00000011;

PORTB = ¢[t%10];

for (i=0;i<=j i++){}

C.2: Final PIC Firmware

#include <p18f4620.h>

#include <stdlib.h>

#include <stdio.h>

#include <usart.h>

#define bits_on(var,mask) var |= mask

#define bits_off(var,mask) var &= ~0 » mask

#pragma config OSC = HSPLL, FCMEN=OFF, PWRT = OBBREN = OFF, WDT = OFF, WDTPS =
128, MCLRE=0ON, LPT10SC = OFF, PBADEN=OFF, CCP2MX#®PI, STVREN=ON, LVP = OFF,
XINST=OFF, DEBUG = OFF

char text8[30];

int data[4];

char text9[] = "set baud 57600<\r>";

void main (void){
inti, j;
float vin;
TRISD = 0b0111;
PORTD = 0b0000;
/I Delay for eb101
for (i =0; 1< 600; i++){
for (j = 0; j < 600; j++);
}

OpenUSART( USART_TX_INT_OFF &
USART_RX_INT_OFF &
USART_ADDEN_OFF &
USART_BRGH_LOW &
USART_CONT_RX &
USART_EIGHT BIT &
USART_ASYNCH_MODE, 63);

putsUSART (text9); // baud rate changed to 57600

OpenUSART( USART_TX_INT_OFF &
USART_RX_INT_OFF &
USART_ADDEN_OFF &
USART_BRGH_HIGH &
USART_CONT_RX &
USART_EIGHT_BIT &
USART_ASYNCH_MODE, 42);

bits_on(PORTD, 0b1000); // indicator bit that shaetive search for Bluetooth connection

while (PORTD & 0b0100) == 0b0100); // wait forugtooth connection to be established
bits_off(PORTD, 0b1000);
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/I ADC initilization

ADCON1 = 0b00001011;
ADCONO = 0b00000000;
ADCONZ2 = 0b10001110;
ADCONO = 0b00000001;

while (1){
/I ADC channel 0
for (i=0;i<1;i++);
ADCONO = 0b00000011;
for (i=0;i<1;i++);
while (ADCONO == 0b00000011);
for (i=0;i<1;i++);
vin = 4764*(((float) ADRESH*2*2*2*2*2*2*2*2 + ADRESL)/0b1111111111);
data[0] = (int)vin;

/I ADC channel 1

for (i=0;i<1;i++);

ADCONO = 0b00000111;

for (i=0;i<1;i++);

while (ADCONO == 0b00000111);

for (i=0;i<1;i++);

vin = 4764*(((float) ADRESH*2*2*2*2*2*2*2*2 + ADRESL)/0b1111111111);
data[1] = (int)vin;

/I ADC channel 2

for (i=0;i<1;i++);

ADCONO = 0b00001011;

for (i=0;i<1;i++);

while (ADCONO == 0b00001011);

for (i=0;i<1;i++);

vin = 4764*(((float) ADRESH*2*2*2*2*2*2*2*2 + ADRESL)/0b1111111111);
data[2] = (int)vin;

/I AD channel 3

for (i=0;i<1;i++);

ADCONO = 0b00001111;

for (i=0;i<1;i++);

while (ADCONO == 0b00001111);

for (i=0;i<1;i++);

vin = 4764*(((float) ADRESH*2*2*2*2*2*2*2*2 + ADRESL)/0b1111111111);
data[3] = (int)vin;

/[ data from all 4 channels transmitted as alsistging

sprintf(text8,"B%04d;%04d;%04d;%04d;",data[0] aja{,data[2],data[3]);
putsUSART (text8);
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