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A TELEMETRY APPLICATION OF SMART CLOTHES

ABSTRACT

In this study, a telemetry application using smart cloth is performed. The essential
of this application is that it gives necessary alert messages for the people, who are in
certain risk group, such as high cardiac insufficiency, handicapped, elderly, just
operated, also babies and little children. These alerts can be sent to their parents or
doctors to call for help on time when the blood pressure, body temperature and pulse
rate reach to critical values for the human body, even if these people are living at

their homes or work places.

The telemetry system consists of a transducer unit as an input device, a
transmission medium in the form of radio waves, signal processing units and parts
for displaying data. All telemetry data are securely transferred and stored in the

database under the clinicians’ ownership and control.

During this study, systolic-diastolic pressures, pulse rate and body temperature are
measured and the obtained values are transmitted to another system via RF(Radio
Frequency). Receiver part is connected to the computer by RS-232 port, and alert
limit values of these obtained data are determined by an interface on the computer.
According to these limit values, if any of the obtained data exceeds these limits,

related alert message is sent to a mobile phone that is defined on the interface.

Keywords: Smart clothes, biomedical application of smart clothes, pressure sensor,

temperature sensor, pulse rate, telemetry.
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AKILLI GIYSILERIN BiR UZAKTAN OLCUM UYGULAMASI

0z

Bu c¢alismada akilli elbise kullanarak bir wuzaktan Ol¢lim uygulamasi
gerceklestirilmistir. Bu uygulamanin en 6nemli noktasi, belirli risk grubundaki
insanlar (6rnegin yiiksek kalp yetmezligi olanlar, zihinsel ve bedensel oziirliiler,
yaghilar, ameliyattan heniiz ¢ikmigslar hatta bebekler ve kiiciik ¢cocuklar) i¢in gerekli
uyar1 mesajlarini vermesidir. Bu uyar1 mesajlari, tansiyon, nabiz ve viicut sicakligi
insanlar i¢in kritik degerlere ulastiginda, bu insanlar evlerinde ya da isyerlerinde
olsalar bile, zamaninda yardim c¢agirmak i¢in hastalarin yakinlarina ya da

doktorlarina gonderilebilir.

Bu uzaktan 6l¢iim sistemi, bir girig aygit1 olarak bir donistiiriicii birim, radyo
dalgalar1 seklinde bir aktarim araci, sinyal isleme birimleri ve veri goriintiilemek i¢in
boliimler igerir. Biitiin uzaktan 6l¢iim verileri, klinik tedavi uzmanlarinin sahipligi ve

kontrolii altindaki veri tabanina giivenli bir bigimde aktarilir ve depolanir.

Bu calisma siiresince, biiylik-kii¢lik tansiyon, nabiz ve viicut sicakligr ol¢iiliir ve
elde edilen degerler RF araciligiyla bir baska sisteme aktarilir. Alict parga, RS-232
baglant1 birimi ile bilgisayara baglanir ve bu elde edilen verilerin uyari sinir degerleri
bilgisayar iizerinde bir arayiiz ile tespit edilir. Bu smir degerlere gore, elde edilen
verilerin herhangi biri bu sinirlar1 asarsa, ilgili uyar1 mesaji arayiiz iizerinde

belirlenen bir mobil telefona gonderilir.

Anahtar Sozciikler: Akilh giysiler, akilli giysilerin biyomedikal uygulamasi, basing

sensort, sicaklik sensorii, nabiz, uzaktan 6lgtim.
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CHAPTER ONE

INTRODUCTION

1.1 Researches on Smart Clothes

Clothes themselves are naturally near to a user. Therefore, clothing provides an
ideal platform to embed sensors inside garments and to perform measurements that
apply personal psychological signals. In addition user measurements, it is often

beneficial to perform measurements from the surrounding environment.

Results from these measurements can be used for controlling the devices that are
integrated into the clothing. These kinds of systems are called smart clothes. Their
purpose is to enhance or augment the functions of ordinary clothes via added

electrical and non-electrical intelligent components.

The electronics that facilitate our daily pursuits and interactions may soon be
integrated into textiles in all areas of our environment. These smart clothes may find
niches in many traditional textile applications. Opportunities exist for smart clothes
in fashion and industrial apparel, residential and commercial interior, military,
medical and industrial textile markets. Smart clothes technologies may one day
integrate multiple electronic devices directly into textile and apparel products using
shared resources increasing the mobility, comfort, and convenience of such devices
(Klemm & Locher, 2003). For example, communication devices may be integrated

into products such as the garments in Figure 1.1.



Figure 1.1 Integrated Textile Keypad
(Softswitch, 2001)

Textiles integrated with sensory devices driven by a Global Positioning System
(GPS) can detect users’ exact location anytime and in any weather (Aniolczyk,
Koprowska, Mamrot & Lichawska, 2004). Smart clothes with integrated GPS, such
as the ski suit in Figure 1.2, enhance safety by quickly locating the wearer and
allowing the suit to be heated. Parent can easily keep track of a child’s location with
garments containing integrated GPS. GPS can also provide added safety for

emergency personnel by facilitating offsite monitoring of vitals.

Figure 1.2 Electronic ski-suit
(Philips, 2001)



Including the electrical wiring into the structure of the textile material is the basic
step in developing textronics incorporated electrical connections which cannot be
distinguished from the clothing used at present would be the best result. It will be
possible to realize such a vision when user-friendly electronic woven and knitted
fabrics and nonwovens are developed and the functional elements would be integral
components of the product. Therefore the basic aim was to approach the
development of new textile technologies which would include electronic circuits,
electro-conductive-, piezo- and opto-electronic elements and other sensors into the
textile structures. A new property of clothing would be the possible to exchange
information. If clothing would be capable of recording, analyzing, storing, sending
and displaying data, a new dimension of intelligent high-tech clothing could be
reached (Satava, 1995). Especially applications for the health and military sector are
already guessed a great demand. Considering the needs of “the warriors of the
future”, some military materials become a part of the uniforms. Global positioning
systems, chemical detectors, personal physiological status sensors, helmet systems
that equipped with displays, microphones, head phones, local networks, protective
uniforms for environmental conditions, special fabrics for providing the best

camouflage are some of the examples of such systems.

Textile firms that understand how to incorporate emerging smart clothes
technologies into their new product strategies will establish and sustain financial and
competitive advantages. Wearable electronics are already finding many opportunities

in non-textile products such as implanted microchips and digital jewelry.

Many of the wearable computing devices developed to date are cumbersome and
awkward (Figure 1.3) typically strapped or carried on the body. But, textile-based
wearable electronics that allow interactive touch, voice, and body heat activation are
being developed. The current versions use integrated wiring and carrying devices
that add bulk and weight to the garments making them uncomfortable and
impractical daily use (Lukowicz & Kirstein, 2004). These items are also expensive

and present issues are related to maintenance, flexibility, and user safety.



Figure 1.3. Wearable computing devices

(Mann D., 1998)

To develop more appealing wearable electronics, conductive materials are being
used to transform traditional textile and apparel products into lightweight, wireless
wearable computing devices. Materials; such as metallic and optical fibers,
conductive threads, yarns, fabrics, coatings and inks are being used to supply

conductivity and create wireless textile circuitry.

The technologies previously discussed are used to create textiles that have the
ability to conduct electricity. Additional components including input and output
devices, sensors, and power supplies are necessary to create a smart cloth. Input
devices keyboards and speech and handwriting recognition systems are some options
being explored for smart clothes data entry (Laerhoven & Gellersen, 2004). The
output technologies under investigation include Cathode Ray Tubes (CRT), Liquid
Crystal Displays (LCD), mirror displays and flexible light emitting displays. Sensors
are small electronic devices that can receive and respond to stimuli enabling
electronic textile functions to be related to the user. They can either be attached to or
integrated into a textile substrate. Power supply Technologies, typically batteries,
provide the electrical power for activating the components in an electronic textile. In
recent years batteries have not only become smaller and more powerful, some
varieties are mechanically flexible, water-resistant, and lower cost. Solar energy and
energy created by the human body are also being studied as sources of electrical

power for smart clothes.



In order to simplify the connections between electronic devices, new wireless
Technologies may be used. Commonly used wireless devices, such as cellular phones
and pagers, use Radio Frequency Local Area Networks (RF LAN’s), but the limited
radio frequency spectrum is quickly being filled (Inoue, 2007). Personal Area
Networks (PANs) provide an alternative. PANs enable electronic devices to
exchange digital information, power, and control signals within the user’s personal
space (Loren & Weinmann, 2003). PANs work by using the natural electrical
conductivity of the human body to pass incredibly small amounts of current through

the body.

Developments in telecommunication, information technology and computers are
the main technical tools for Telemedicine (Telecare, Telehealth, e-health) now being
introduced in health care (Lymberis, 2002). Telemedicine - medicine at a distance -

provides the many possibilities for doctors to more easily consult each other.

This project ensures dependable, non-intrusive, secure, real-time automated health
monitoring. And also gives more freedom for patients to roam around and allow the
health personnel to keep in touch with patient without being around the hospital
bedside. Besides, by this system nurses and doctors can see their patient’s blood
pressure and body temperature instantly without being near them (Koseoglu & Sahin,

2008)
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Figure 1.4. A sample health monitoring system



1.2 Purpose and Scope

The aim of this telemetry application using the smart cloth is to notice
recognizable extreme points of blood pressure, body temperature and pulse rate for
the people who are in certain risk group, such as high cardiac insufficiency,
handicapped, elderly, just operated, also babies and little children. The essential of
this system is that it gives necessary alert messages to their parents or doctors to call
for help on time when the blood pressure, body temperature and pulse rate reach to
critical values for the human body, even if these people are being living at their
homes or work places. It will especially be useful for predicting deaths from heart
attack or snoring while sleeping. By using this system, a nurse is not necessary for
coexisting with the patients who are confined to bed. In addition, the patients
carrying some risk group mentioned above are ensured to recognize on time these

alerts without restricting their activities or living areas at their homes or work places.

This system can be safely used at home or work place or in a hospital. When it is
being used at home or work place, the obtained data can be stored in a database of a
computer. Thus, the data can be examined and instantaneous changes can be
informed to the doctor or defined person by a mobile phone message. The patients
can also self-control the measured values by detecting the colours of LEDs on the
receiver part. It can also be used in a hospital for multiple patients. The blood
pressure, body temperature and pulse rate of the patients can be measured
automatically without the need of any nursery check. These data can be stored in a
nursery computer. Therefore, it will be possible to measure these data continuously

and get alert messages if any of these values exceed the limits.

1.3 Utilities of This Research

The blood pressure and body temperature measurement project consists of two
parts. One of them is receiver part and the second is transmitter part. Transmitter part
roughly includes a temperature sensor (DS18B20), a pressure sensor (MPX2050GP),
a PIC (18F452), an RF remote control circuit and an LCD. Also receiver part roughly



includes a PIC (18F452), an LCD, and an RF remote control circuit. This system
monitors two parameters, the body temperature and blood pressure. The patient may
wear the RF transmitter as a wrist watch or attached to his/her belt. The device can
transmit the parameters to the receiver and by an interface; these values can be seen
on doctor’s computer instantly. Via the RS232, it can be connected to nurse’s,
doctor’s and emergency’s computers. By the LCD on the transmitter part, patients
can see their blood pressure and body temperature instantly, also by using control
panel on the interface, doctors can set the limit values of the sensors. After this step,
if pressure sensor and temperature sensor measure higher than these set values,
pressure and temperature LED on the receiver part, gives signal. When measured

values are lower than the set values, LED gives up giving signal.

This device gives more freedom for patients to roam around and allow the health
personnel to keep in touch with patient without being around the hospital bedside.
Besides, by this system nurses and doctors can see their patients’ blood pressure and
body temperature instantly without being near them. If the patient’s values pass over
the limits when they are not looking at the monitor, LEDs which are on the receiver
part give signals. So he/she can understand which measured values are over or under

the limits.

1.4 Outline of the Thesis

The first chapter is an introduction chapter. Benefits of this project, researches on
smart clothes and outline of the thesis are explained at this chapter. The second
chapter explains the basic background needed during the thesis design and
realization. General information about smart clothes, biomedical applications and
telemetry are explained at second chapter. At Chapter 3, the hardware requirements
are determined and based on this information hardware design is explained. Software
design is included in Chapter 4. Measurement results are given and explained in

Chapter 5.



CHAPTER TWO

SMART CLOTHES AND TELEMETRY

2.1 Smart Clothes

So-called "smart clothing" is a futuristic form of clothing that functions as an
active device, for example releasing chilled water vapor when it senses its wearer is
hot. The term "smart clothing" denotes the presence of embedded electronics. Some
forms of smart clothing have been created, but none have really been mass-produced,
and many more are the subject of science fiction stories and cannot be made with

current technology.

The development of wireless computing and miniaturization of electrical
components have accelerated the production of different wearable devices such as
pocket computers and mobile phones. This equipment is worn or carried almost
constantly (Carmen & Yuan-Ting, 2004). Instead of having separate devices located
in pockets, wearable systems can be integrated into clothes where they can form a

network of intelligent devices.

Clothes themselves are naturally near to a user. Therefore, clothing provides an
ideal platform to embed sensors inside garments and to perform measurements that
apply personal psychological signals. In addition user measurements, it is often

beneficial to perform measurements from the surrounding environment.

Results from these measurements can be used for controlling the devices that are
integrated into the clothing. These kinds of systems are called smart clothes. Their
purpose is to enhance or augment the functions of ordinary clothes via added

electrical and non-electrical intelligent components.



Figure 2.1. GSM/GPS jacket (Minatec, 2003)

Including the electrical wiring into the structure of the textile material is the basic
step in developing textronics incorporated electrical connections which cannot be
distinguished from the clothing used at present would be the best result (Michalak &
Surma, 2006). It will be possible to realize such a vision when user-friendly
electronic woven and knitted fabrics and nonwovens are developed and the
functional elements would be integral components of the product. Therefore the
basic aim was to approach the development of new textile technologies which would
include electronic circuits, electro-conductive-, piezo- and opto-electronic elements

and other sensors into the textile structures.

A new property of clothing would be the possible to exchange information. If
clothing would be capable of recording, analyzing, storing, sending and displaying
data, a new dimension of intelligent high-tech clothing could be reached (Lukowicz
& Kirstein, 2002). Especially applications for the health and military sector are

already guessed a great demand. Considering the needs of ‘the warriors of the
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future’, some military materials become a part of the uniforms. Global positioning
systems, chemical detectors, personal physiological status sensors, helmet systems
that equipped with displays-microphones-head phones, local networks, protective
uniforms for environmental conditions, special fabrics for providing the best

camouflage are some of the examples of such systems (Taylor & Stoianovici, 2003).

Nanotechnology will play a major role in the development of the new generation
of army uniforms and equipment. By changing the properties of materials, such as by
introducing tiny nanoparticle reinforcements into polymers, nanotechnology will
enable such advances as making helmets 40-60% lighter and creating tent-fabric that
repairs itself when it rips. With the advent of nanotechnology, chemical protective
over garments, which shield soldiers against hazardous chemicals and deadly
microorganisms, will enter a new phase of development. The new uniforms will be
breathable and 20% lighter in weight than the standard battle-dress over garment
(Brower, 2001). With nanotechnology, some properties can be added to materials

that weren't there before.

There are some institutes and research centers that work on military products of
the future. Much of the smart-fabric, "soldier of the future" research is centered at the
US Army Soldier Systems Center. There, scientists and technologists are studying on
variety of textiles that can transport power and information. One example is a soldier

sticking his intelligent glove finger into water to see if it is safe to drink (Bill, 2002).

Scientists are studying on animals to develop technology that could be used for
chameleon-like battle wear that changes color depending on its surroundings. The
researchers are trying to catch the interest of the military with fabrics that change
color when conductive fibers stitched into the cloth heat and cool the material’s
thermo chromatic inks. If a soldier is leaning against a marble wall, the suit changes
coloration to that, or if a soldier is lying on a black tarmac, it changes to that as

shown in Figure 2.2.
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Figure 2.2 Chameleon Like Battle Wear

It may be developed within a decade. It is an “all-seasons” waterproof suit that
adjusts to the soldier’s internal body temperature, eliminating the need to change
clothing. He can actually go from Arctic cold to desert heat and back again (Elert,
n.d.). The desire of the army is achieve a fully addressable, interactive camouflage,

accomplishing that would be like a space program for e-textiles.

Invisible rain coat, which is shown in Figure 2.3, is a recently developed sample
of another optical camouflage technology. This product offers a fascinating sense as
if the wearer is transparent. Even if it cannot provide a fully invisible dressing, this
extraordinary cloth makes it possible to see the objects and persons behind it. Optical
camouflage technology works with a lens that placed on the back of the cloth. This
lens perceives the back vision and reflects the image to the front side to provide a

transparency.

Figure 2.3 Invisible Rain Coat (Tachi S., 2003)
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2.2 Biomedical Applications of Smart Clothes

Last years many efforts have been made for developing “smart” biomedical
devices, which can change in high level the way of the healthcare provision for a
large amount of population (Mann, n.d.). For instance, people who suffer from
chronic diseases such as diabetes or neurological disorders, the elderly and some
groups of people with special needs can easily check repeatedly many times per day
their health status. This check up could happen without any removal of the patient’s
home or work thanks to the advances in communication technology and suitable
digital devices or sensors, which can derive information from patient body and his

environment.

Figure 2.4 The da Vinci robot consisting of two

manipulation arms and one camera arm (Mantas J.G. &

Petropouolu S.G., 2005)

Intelligent biomedical clothing and wearable or embeddable electronics are very
promising research and development areas, which extend monitoring of
physiological signals. The development of intelligent biomedical clothing is based on
multidisciplinary research and requires a strong cooperation between scientists and
engineers of different scientific fields such as mobile and wireless communication,
microsystems and nanotechnologies, biomedical engineering, telemedicine as well as

public health and healthcare.
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There are many possible applications of intelligent biomedical clothing spanning
from the citizen’s health watch to patient’s disease and life management, including
rehabilitation, diabetes management, cardiovascular diseases prevention and

emergency intervention, drug delivery and stress management.

2.3 Telemetry

Telemetry is a technology that allows the remote measurement and reporting of
information of interest to the system designer or operator. Telemetry typically refers
to wireless communications (i.e. using a radio system to implement the data link),
but can also refer to data transferred over other media, such as a telephone or
computer network or via an optical link or when making a robot it can be over a

wire.

Medical Telemetry

Transmitter

Central Station

Figure 2.5 Medical telemetry intercommunication

Developments in telecommunication, information technology and computers are
the main technical tools for Telemedicine (Telecare, Telehealth, e-health) now being
introduced in health care. Telemedicine - medicine at a distance - provides the many
possibilities for doctors to more easily consult each other. For individuals, e.g. with
chronic diseases, “Telemedicine” means, the possibility to stay in contact with their
health care provider for medical advice. This provides new possibilities for
personalized health and health care. The results of the researches will make a

positive impact on the quality of life for individuals in the real life.
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Telemetry is now being used to study wildlife, and has been particularly useful for
monitoring threatened species at the individual level. Animals under the study may
be fitted with instrumentation ranging from simple tags to cameras, GPS packages
and transceivers to provide position and other basic information to scientists and

stewards.

Telemetry is used in hydroacoustic assessments for fish which have traditionally
employed mobile surveys from boats to evaluate fish biomass and spatial
distributions. Conversely, fixed-location techniques use stationary transducers to
monitor passing fish. While the first serious attempts to quantify fish biomass were
conducted in 1960s, major advances in equipment and techniques took place at
hydropower dams in the 1980°s. Some evaluations monitored fish passage 24 hours a
day for over a year, producing estimates of fish entrainment rates, fish sizes, and

spatial and temporal distributions.

Telemetry has been a key factor in modern motor racing. Engineers are able to
interpret the vast amount of data collected during a test or race, and use that to
properly tune the car for optimum performance. Systems used in some series, namely
Formula One, have become advanced to the point where the potential lap time of the
car can be calculated and this is what the driver is expected to meet. Some examples
of useful measurements on a race car include accelerations in 3 axes, temperature
readings, Wheel speed, and the displacement of the suspension. In Formula 1, the
driver inputs are also recorded so that the team can assess driver performance and, in
the case of an accident, the International Automobile Federation (IAF) can determine

or rule out driver error as a possible cause.

In addition, there exist some series where “two way” telemetry is allowed. “Two
way” telemetry suggests that engineers have the ability to update calibrations on the
car in real time, possibly while it is out on the track. In Formula 1, two-way
telemetry surfaced in the early nineties from TAG electronics, and consisted of a

message display on the dashboard which the team could update. Its development



15

continued until May 2001, at which point it was first allowed on the cars. By 2002
the teams were able to change engine mapping and deactivate particular engine
sensors from the pits while the car was on track. For the 2003 season, the FIA
banned two-way telemetry from Formula 1, however the technology still exists and

could eventually find its way into other forms of racing or road cars.

Telemetry is an enabling technology for large complex systems such as missiles,
Remotely Piloted Vehicle (RPVs), spacecraft, oil rings and chemical plants because
it allows automatic monitoring, alerting, and record-keeping necessary for safe,
efficient operations. Space agencies such as NASA, ESA, and other agencies use
telemetry/telecommand systems to collect data from operating spacecraft and

satellites.

Telemetry is vital in the development phase of missiles, satellites and aircraft
because the system might be destroyed after/during the test. Engineers need critical
system parameters in order to analyze and improve the performance of the system.

Without telemetry, these data would often be unavailable.

Telemetry applications are:

Agriculture

Water management

Defense, space and resource exploration systems
Rocketry

Enemy intelligence

Resource distribution

Motor racing

Medicine

Fisheries and Wildlife Research and Management

Retail businesses

O OO0 OO O0OOO0OO0OO0OOo

Law enforcement



CHAPTER THREE

HARDWARE DESIGN OF RESEARCH

A circuit is designed that can measure patient’s blood pressure and body
temperature and transmit these values via RF to the receiver part. Via RS232, these
values are transferred to the personnel computer and when measured values exceed
the set values, which are determined on personnel computer; related messages are
sent to the doctor’s mobile phone. Therefore, the circuit can be separated into two
parts as transmitter part and receiver part. Both of them are programmed by using
microcontroller. A Peripheral Interface Controller (PIC) is wused as the
microcontroller device. Its code was written in CCSC programming language. Block

diagram is shown in Figure 3.1.
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Figure 3.1 Block diagram of the system
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The transmitter part consists of three main parts: External hardware (such as cuff,
motor, valve, and LCD), analog circuit, and microcontroller. The analog circuit
converts the pressure value inside the cuff into readable and usable analog
waveforms. The Micro Controller Unit (MCU) samples the waveforms and performs
A/D conversion so that further calculations can be made. In addition, the MCU also
controls the operation of the devices such as the button and LCD display. In this part,
all of the components are combined in one package which allows a user to take it

anywhere and perform a measurement whenever and wherever he/she wants.

3.1 Used Circuit Elements

3.1.1 Microcontroller

In this research, two PIC18F452 are used as microcontrollers. Their codes are

written using the CCSC programming language. Pin diagram of PIC18F452 is shown

in Figure 3.2.
r
MCLR/VFP o1 N a0 [d RB7/PGD
RAQANO = =[] 2 39 [T == RB&PGC
RATANT -—=[] 3 38 [J =— RBS/PGM
RAZ/ANZVREF- -] 4 ar g RB4
RAZ/ANIVAEF+ =[] 5 38 [0 RB3/CCP2"
RA4/TOCKI - =& 35 [T <= RB2/NT2
RAS/AN4/SS/LVDIN <+—=[ 7 o~ o 34 [T =—= RBU/INT1
REO/AD/ANS ~—[] 8 - o 33 [T =——= RBO/NTO
RE1VWR/ANE =—[] 9 D F szg-=—voo
RE2/CSIANT ~—[] 10 w @ 31 [ =——WVss
Voo ——11 G o s RD7/PSP7
Ves o] 12 o = 20 [0 RDs/PSPs
OSC1/CLKI RE 28 [T =——= RDS/PSPS
OSC2/CLKO/RAE -] 14 27 [T =— = RD4/PSP4
RCOT10OSOTICK] =—=[] 15 26 [ =— RCA/RX/DT
RC1/T10SICCP2* «— 16 25 [0 RC&/MXICK
RC2/CCP1 - 17 24 [T RC5/SDO
RC3/SCKISCL ~—[] 18 2a[d RC4/SDI/SDA
RDO/PSP0 == [ 19 22 [ =—= RD3/PSP3
RD1/PSP1 =—[] 20 21 [ =— RD2/PSP2

Figure 3.2 Pin diagram of 18F452
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3.1.2 Pressure Sensor

For measuring blood pressure, MPX2050GP sensor is used. The MPX2050 series
device is a silicon piezoresistive pressure sensor providing a highly accurate and
linear voltage output directly proportional to the applied pressure. The sensor is a
single, monolithic silicon diaphragm with the strain gauge and a thin—film resistor
network integrated on—chip. The chip is laser trimmed for precise span and offset

calibration and temperature compensation.

1

THIN FILM |
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Figure 3.4 Temperature Compensated Pressure

Sensor Schematic

MPX2050DP
CASE 344C

Figure 3.5 Pressure Sensor
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Figure 3.6 Cross—Sectional Diagram

The differential voltage output of the sensor is directly proportional to the
differential pressure applied. The output voltage of the differential or gauge sensor
increases with increasing pressure applied to the pressure side (P1) relative to the
vacuum side (P2). Similarly, output voltage increases as increasing vacuum is

applied to the vacuum side (P2) relative to the pressure side (P1).

The pressure transducer produces the output voltage proportional to the applied
differential input pressure. The tube, from the cuff, is connected to one of the inputs
and another input is left open. By this way, the output voltage will be proportional to
the difference between the pressure in the cuff and the air pressure in the room. The

transfer characteristic is shown in Figure 3.7.

a0l— Vs=10Vde — — I
35 | Ta= 25°C
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x|
E 15 = ."4 | 1
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kPa 0 125 25 s 50 (TYP)
Psl 1.8 36 5.4 725

Figure 3.7 Output voltage vs. Differential input pressure
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3.1.3 RF Transmitter and Receiver

In this research, 433 MHz ATX34-S RF transmitter is used in the transmitter part
of the project and also 433 MHz ARX34 RF receiver is used in the receiver part of

the project for wireless data transmission.

Figure 3.8 RF transmitter

This RF transmitter is used with PT2262 remote control encoder. And also
PT2262 is a remote control encoder paired with PT2272 utilizing CMOS technology.
It encodes data and address pins into a serial coded waveform suitable for RF or IR
modulation. PT2262 has a maximum of 12 bits of tri-state address pins providing up
to 531,441 (or 312) address codes; thereby, drastically reducing any code collision
and unauthorized code scanning possibilities. Application circuit of RF transmitter

with PT2262 remote control encoder is shown in Figure 3.9.
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Figure 3.9 Application circuit of ATX34-S with PT2262

The ARX-34 UHF ASK data receiver is developed to cover a band plan ERC
Recommendation on Short Range Device (SRD) in the range of 433MHz ISM band.
Figure of this ARX-34 is below.

Figure 3.10 ARX-34 RF Receiver

Also this RF receiver is used with PT2272M4 remote control decoder. PT 2272 is
a remote control decoder paired with PT 2262 utilizing CMOS Technology. It has 12

bits of tri-state address pins providing a maximum of 531,441 (or 312) address
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codes; thereby, drastically reducing any code collision and unauthorized code
scanning possibilities. PT 2272 is available in several options to suit every

application need: variable number of data output pins, latch or momentary output

type.

Best range is achieved if the transmitter and receiver antenna have a direct visual
connection. Any object in between the transmitter and receiver antenna, and metallic
objects in particular, will decrease the range. The transmission is influenced by
possibility to have data error by overlaying the direct and reflected signal.
Application circuit of RF receiver with PT2272M4 remote control decoder is shown

in Figure 3.11.
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Figure 3.11 Application circuit of ARX34 with PT2272M4

3.1.4 Power Supply Layer:

The circuit that is designed consists of analog and digital parts. In order to increase

the accuracy of the measurement, power supplies of these parts are realized

separately. Power supply of the digital part is shown in Figure 3.12.
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Figure 3.12 Power supply of the digital part

LM78MXX series of three-terminal positive voltage regulators employ built-in
current limiting, thermal shutdown, and safe-operating area protection which make
them virtually immune to damage from output overloads. By using LM7805 output
voltage can be fixed to 5V. Input voltage can be chosen between 5V and 24V. It has

a cooling block, so it can prevent itself from high temperature.

TO-220

=]

H-EGF
=N =N

Figure 3.13 LM7805

3.1.5 Temperature Sensor

In this research, four DS18B20 temperature sensors are used. The reason of using
four sensors is to obtain more correct measurement results. All temperature sensors
measure and then their average value is taken and sent to the LCD. By this method,
body temperature can be measured in accordance with the real value. The DS18B20
Digital Thermometer provides 9 to 12-bit centigrade temperature measurements and

has an alarm function with nonvolatile user-programmable upper and lower trigger
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points. The DS18B20 communicates over a 1-Wire bus that by definition requires
only one data line (and ground) for communication with a central microprocessor. It
has an operating temperature range of —55°C to +125°C and is accurate to £0.5°C
over the range of —10°C to +85°C. In addition, the DS18B20 can derive power
directly from the data line (“parasite power”), eliminating the need for an external

power supply.

(BOTTONM VIEW)

Figure 3.14 DS18B20

Temperature Sensor
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Figure 3.15 Block diagram of temperature sensor

3.1.6 Digital Display Panel

In this research, one LCD, as shown in Figure 3.16, is used for the transmitter part

and one for the receiver part. These LCDs include four lines and twenty characters.

5V activation voltage is needed and 0-20KQ potentiometer is used for adjusting

contrast of display. Input -output block diagram of the LCD is shown in Figure 3.17.

Figure 3.16 Four lines, twenty characters liquid crystal display
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Figure 3.17 Input-Output Block Diagram of LCD

3.2 Blood Pressure Measuring

Blood pressure measurements consist of two numbers. A typical reading will look
something like “120/80” (read “120 over 80”) and is measured in mmHg. The first
number is the systolic blood pressure, which is the pressure in the vascular tissue
when the heart is pumping blood away from the heart. The second number is the
pressure when the blood is flowing back to the heart, so the first number is always

higher than the second.

When measuring blood pressure with a sphygmomanometer and stethoscope, a
cuff is inflated around the user’s arm until it completely restricts the flow of blood
through the arm. The operator listens with the stethoscope and can tell that the blood
is no longer flowing when there is no sound in the stethoscope. Once this point is
reached, the air in the cuff is released slowly, decreasing the pressure, which is read
from the sphygmomanometer. When the blood resumes flowing in the arteries, it will
create sound in the stethoscope. The pressure where this occurs is the systolic
pressure. The pressure in the cuff is decreased more until the sound stops. This is the
diastolic pressure. At the diastolic pressure, the arterial pressure is greater than the

cuff pressure and no sound is heard in the stethoscope.

To perform a measurement, a method called “oscillometric” is used. In this
method, the air will be pumped into the cuff to be around 20 mmHg above average
systolic pressure (about 120 mmHg for an average). After that the air will be slowly

released from the cuff causing the pressure in the cuff to decrease. As the cuff is
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slowly deflated, the titchy oscillation in the air pressure of the arm cuff will be
measured. The systolic pressure will be the pressure at which the pulsation starts to
occur and the diastolic pressure will be taken at the point in which the oscillation
starts to disappear. The MCU is used to detect the point at which this oscillation
happens and then records the pressure in the cuff. When the measurement is finished,

the pressure in the cuff is suddenly decreased.
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BUTTONS

DC Component

%
Confrol
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Figure 3.18 Hardware Diagram

The diagram above shows how designed device is operated. The user will use
START/STOP buttons to control the operations of the whole system. The MCU is
the main component which controls all the operations such as motor and valve
control, A/D conversion, and calculation, until the measurement is completed. After

measurement is finished, all the results are transmitted to the LCD.
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Figure 3.19 Schematics of Motor and Valve Control

3.2.1 Analog Circuit

To amplify both the DC and AC components of the output signal of pressure
transducer, the analog circuit is used. Thus, the MCU is used to process the signal
and obtain useful information about the health of the user. The differential voltage
output of the pressure sensor is directly proportional to the differential pressure
applied and the output voltage of the pressure sensor ranges from 0 to 40 mV. But in
this research, the arm cuff is pumped to only 160 mmHg and it is approximately
equal to 21.33 kPa, so this mean in this project the output voltage of the pressure
sensor is approximately 18 mV. Thus, the pressure sensor needs a gain of

approximately 200 to be perceived by the MCU.

Then the signal from the DC amplifier will be passed on to the band-pass filter.
The filter is designed to have large gain at around 1-4 Hz and to attenuate any signal
that is out of the pass band. To determine when to capture the systolic/diastolic
pressures and the heart rate of the user, the AC component from the band-pass filter
is the most important factor. For providing the DC bias level independently, the

47uF capacitor is used to coupling only AC component of the signal. Also, two
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identical resistors are used to provide a constant DC bias level at approximately 2.5

volts in the AC coupling stage.
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Figure 3.20 Schematics of Analog Circuit
3.2.2 DC Amplifier

The signal is amplified for further processing, since the output voltage of the
pressure transducer is very small. The instrumentation amplifier AD620 from Analog
Devices is used. The Rg resistor is used to determine the gain of the amplifier

according to the equation;

 49.4k0)
G-1

3.1)

G

Since the gain of approximately 200 is need, the resistor Rg is chosen to be 240
ohms. This will give the gain of 206 according to the equation. However, the gain
must be measured from the finished circuit, and the measured gain is 213. The

schematic of the AD620 amplifier is shown in Figure 3.21.
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Figure 3.21 Schematic of DC amplifier

3.2.3 Band Pass Filter

30

Output

As a cascade of two active band-pass filters are designed in the band-pass filter

stage. The overall band-pass stage would provide a large gain and the frequency

response of the filter will have sharper cut off than using only single stage, for this

reason two-active band-pass filters are used. By this method, the signal to noise ratio

of the output will improve. The schematics for both filters are shown in Figure 3.20.
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Figure 3.22 Band-pass Filter Stage



First Band-pass filter :
The lower cutoff frequency is;

1

= 0.338Hz
27(47 uF )(10k)

f‘lOW =

The higher cutoff frequency is;

1

= 6.631H:z
27(200nF)(120k)

/i high =

The mid-band gain of the first filter is;

120k _

—=-12
10k

Second Band-pass filter:

The lower cutoff frequency is;

! =0.338Hz

S = S @ aFY108)

The higher cutoff frequency is;

1
o =19.91Hz
S 27(24nF)(33k)

The mid-band gain of the second filter is;

A=-33K_ 353
10k
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(3.2)

(3.3)

(3.4)

(3.5)

(3.6)

(3.7)
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Thus for the band-pass stage, the overall gain is 399.6. The total AC gain for the

circuit when combining this gain with the gain from the DC amplifier, is equal to;

399.6 x 213 = 8.51x10%,

The choice of high and low cut-off frequency is good enough to give very clean AC

waveform.

3.3 Body Temperature Measurement

Body heat is dynamic, always changing, always moving across tissue boundaries.
Heat transfer occurs when there is a difference in heat content of adjacent areas. The
sum of the differences between one area and another is called “gradient”. So, actually
measured data while the body temperature is measuring, is energy in motion in

search of equilibrium from warmer to cooler.

One requirement of a temperature measurement site is that it has to be near an
artery, since the blood is the main vehicle for heat loss or heat conservation. Sites can
be characterized as “core” or “shell” sites, meaning deep inside the body or near the
surface, but even sites classified in that manner do not necessarily behave in the same

way.

The core functionality of the DS18B20 is its direct-to-digital temperature sensor.
The resolution of the temperature sensor is user-configurable to 9, 10, 11, or 12 bits,

corresponding to increments of 0.5°C, 0.25°C, 0.125°C, and 0.0625°C, respectively.
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CHAPTER FOUR

SOFTWARE DESIGN OF RESEARCH

4.1 Designing the Operating Control of Blood Pressure Measurement

The block diagram for operating control totally consists of seven states. First, the
START state is started, where the program waits for the user to push the START
button of the device. Once the START button is pushed, the measurement process
begins by inflating the hand cuff. While the cuff is being inflated, if the user feels
very uncomfortable or painful, he/she can push the STOP button (emergency button)
to stop the motor, quickly deflate the cuff and stop the measurement. This will ensure
that the safety of the user is well maintained while using the device. Anyhow, if the
cuff-inflating procedure goes smoothly, the air will be pumped into the cuff until the
pressure inside the cuff reaches 160 mmHg and then, the motor will be stopped and
the air will slowly be released from the cuff. Again, at this point, the user can abort
the process by pressing the STOP button. Once the MCU has obtained the values of
systolic, diastolic and heart rate, the valve will be opened to release air from the cuff
quickly. Then it will report the result of the measurement by displaying the obtained
data on the LCD screen. Approximately after 20 seconds, the program will start the

next measurement and it continues in this loop until STOP button is pushed.

34
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Figure 4.1 Block diagram of operating control for blood pressure

4.2 Design for measuring the components of blood pressure

First the motor pumps the air into the cuff until the pressure exceeds 160 mmHg,
then the motor stops pumping more air and the cuff is deflated through the slightly-
opened valve. At that time, the pressure in the cuff starts decreasing approximately
linearly and the program enters the measurement mode. The MCU looks at the AC
signal through the ADCO pin and determines the systolic, diastolic pressure values
and the heart rate of the user respectively (Suampun W. & Wattanapanitch W.). For
this project, the oscillometric method, in which the program monitors the titchy
pulsations of the pressure in the cuff, is performed for measurement. The state

diagram of the blood pressure measurement is shown in Figure 4.2
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Figure 4.2 State diagram of the blood pressure measurement

4.2.1 Systolic Pressure Measurement

After the motor pumps the pressure up to 160 mmHg which is approximately
more than the systolic pressure of normal healthy people, motor stops automatically
and valve opens. Then the cuff starts deflating and the program enters “Systolic
Measure” state. At this state, the program looks at the AC waveform from ADCO pin.
When the pressure in the cuff decreases to a definite value, the blood begins to flow
through the arm so the systolic pressure can be obtained at the beginning point of this

oscillation.

In the program, a threshold voltage of 4V is set for the AC waveform. In the
beginning, there is no pulse and the voltage at the ADCO pin is constant at
approximately 2.5 V. Then when the pressure in the cuff decreases until it reaches
the systolic pressure value, the oscillation starts and grows. After that, the number of
pulses, that has maximum values above the threshold voltage, is counted. If the
program counts up to six, the program enters the “Systolic Calculate” state. At this
state, the program records the DC voltage from pin ADC1 and then it converts this
DC voltage value to the pressure in the cuff to determine the systolic pressure of the

patient.
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From the transfer characteristic of the pressure sensor and the measured gain of
the DC amplifier, the systolic pressure is determined by looking at the DC voltage of
the ADCI pin. In the conversion procedure, first the DC voltage that is read off from
the ADC1 pin be “DC_voltage”, and the gain of the DC amplifier is “DC_gain”.

Then the differential voltage that comes out of the DC amplifier is calculated as;

DC _volt
transducer _voltage = = VOage (4.1)

DC _gain

From the pressure sensor's transfer characteristic given in Figure 3.7, the pressure
can be calculated based on the “transducer voltage”. The slope of the typical curve is

calculated as;

slope = Sotpa " 8x107*V / kPa (4.2)

Thus, the pressure in the cuff in the unit of kPa can be calculated as;

pressure kPa = transducer _voltage 4.3)

slope

Then the pressure can be converted back to mmHg unit by multiplying

760mmHg

y———————. Thus the pressure in the mmHg unit is expressed as;
101.325kPa

760mmHg

ressure mmH = pressure kPa X——
P - mmiE = p - 101.325kPa

(4.4)
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Combining these conversions all together, the formula is obtained for converting the

DC voltage to the pressure in the cuff as;

DC  output

x 9375 (4.5)
DC gain

pressure _mmHg =

After the program finishes this calculation, it enters the “Pulse Rate Measure”

state to determine the pulse rate of the patient.

4.2.2 Pulse Rate Measurement

After the program finished calculating the systolic pressure, it starts monitoring
the pulse rate of the patient. The pulse rate is determined truly after determining the
systolic pressure because at this point the oscillation of the waveform is strongest.
The program samples the AC waveform every 40 millisecond, then it records the
time interval when the values of the AC waveform cross the voltage value of 2.5
volts. It takes the average of five time intervals to calculate the heart rate as accurate
as possible. The “Average count” variable is used for counting the number of time
intervals as shown in the state diagram. After the heart rate is determined, the
program enters the “Diastolic Measure” state to measure the diastolic pressure of the

patient.

4.2.3 Diastolic Pressure Measurement

After the pulse rate is determined, the program enters the “Diastolic Measure”
state. In this state, the program is still sampling the signal at every 40 millisecond.
Then the threshold voltage is defined to measure the diastolic pressure. While the
cuff is deflating, at some point before the pressure reaches diastolic pressure, the
amplitude of the oscillation will decrease. To determine the diastolic pressure, the
DC value is recorded at the point when the amplitude of the oscillation decreases to
below the threshold voltage. At the time interval of 2 seconds if the AC waveform

does not exceed the threshold, it means the amplitude of the oscillation is actually
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below the threshold. At that point the DC value of the ADCI1 pin can be converted
back to the pressure in the arm cuff using the same procedure as described in the

Systolic Pressure Measurement section.

Please take notice that determining the diastolic pressure is quite difficult and
ambiguous since the voltage threshold varies from person to person. Thus, the
voltage threshold is adjusted so that the value of diastolic pressure which is obtained
corresponds to the known value that is get when it is measured by using the available

commercial product.

After the program finishes calculating the diastolic pressure, it calculates the body
temperature immediately and then the program will open up the valve and the cuff
will deflate quickly after the information acquired from the measurement on the LCD

is displayed.

4.3 Receiver Part Design

In the receiver part of this project, measurement values from transmitter part are
taken via RF and shown on the LCD. These transmitted values are also shown on the
interface of the computer via RS-232 port. On the interface, the limit values can be
set, and according to these set values, GSM modem which is connected to the PC
with RS-232, sends related messages to the mobile phone. The mobile phone
number, that takes the related messages, can be written to the interface. To send
Short Message Service (SMS) to the mobile phone, a SIM card is put into the GSM

modem.

A GSM modem is a wireless modem that works with a GSM wireless network. A
wireless modem behaves like a dial-up modem. The main difference between them is
that a dial-up modem sends and receives data through a fixed telephone line while a

wireless modem sends and receives data through radio waves.
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4.3.1 Configuring and Testing GSM Modem

To define which modems are to be utilized by the gateway, select the "Short
Message Service Center (SMSC)" tab from the gateway configuration dialog box:

]
MMSC | M5 C Users | Serial # |
Service SMSE I wieb ] SkS Users ] 2% ay ]

Mo SMSC connections are currently defined. Pleaze select the button belaw ta
define an SMS5-compatible madem ar direct SMSC connection.

Ok | Cancel | Apply Help

Figure 4.3 SMSC configuration dialog

If no modems are yet to be defined, only the "Add" button will be available on
this dialog. Select "Add", and then "GSM Phone or Modem" displays the list of

available modem drivers on the computer.
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Figure 4.4 Modem configuration type

After selecting an available modem, the "Test and Add Modem" button is pressed.
The gateway will then attempt to initialize the modem, and confirm that the modem
supports the necessary interfaces to send and receive SMS messages. The modem
will only be added to the configuration if the gateway confirms that it can properly

communicate with the modem.

4.3.2 Creating Database for Patients

By the interface on the computer, a database can be made for the patients, and
measured values can gradually be saved on the patients file. Then saved data can
open and new measurements can be saved on it. By this, all the results of the related

patient can be seen.
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Figure 4.5 Creating database after measuring




CHAPTER FIVE

RESEARCH RESULTS

5.1 Measurement Results

When this system is first started, images in Figures 5.2 and 5.3 are produced on
the transmitter part and receiver part LCDs. Also interface on the computer is shown

in Figure 5.3.

Figure 5.1 LCD of the transmitter part before starting measurement
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Figure 5.2 LCD of the receiver part before starting measurement

Patient monitorin
File

Patient information

Identify No:
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B~ Save
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Rf Modem | Sim Modem |

L

Figure 5.3 Personnel Computer Interface before starting measurement
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SMS number part on the interface, explains the related mobile phone number to
whom the alert messages will sent. And also, SMS Index part explains the related
title which will be added to the alert message to give some important clues about the

patient.

GSM modem only sent the alert message if there is an existence of any LEDs on
the receiver part. And also, it was limited 160 characters on one SMS. So, SMS

index part on the interface must be contained minimum character as it can be.

When Start button was pushed, measuring starts and cuff starts to inflate. After

that, Figure 5.4 was shown on the transmitter part LCD.

Figure 5.4 LCD of the transmitter part after “START” button was pushed

After Start button was pushed, in transmitter part measuring starts and followings are

shown on the receiver and transmitter LCDs.
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Figure 5.5-a Measurement results on the LCD of the transmitter part when

“START” button was pushed

Figure 5.5-b Measurement results on the LCD of the receiver part when “START”

button was pushed
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Some pre-trials are made and some data are got about the performance of the system.

Figure 5.6-a Measurement results on the LCD of the transmitter part after the 1st

measurement

Figure 5.6-b Measurement results on the LCD of the receiver part after the 1st

measurement
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As shown in Figure 5.6-a and 5.6-b, in the first measurement systolic pressure
was measured 117 mmHg, diastolic pressure was 80 mmHg, pulse rate was 74 p/m
and the body temperature was 35.69 °C. By the serial port of the computer, these

measurement results were transmitted to the interface on the PC and Figure 5.6-c was

taken.

(= [
W
General information
Identify Ng;  [======== Bith Date  [11-10-19° Sms Mumber
Hame Sunm]E{dcrl KDSEDGLY Father Name [Din:l ||]535$T?5?34
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|Paliunt Manipulative
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Diasot Presswe [T wintovet [0 wox vt N O -
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Body Temperatue EC I Min tovel |18 Max lovel B~ SimModemCom[6 =| Open

| Rf Modem I| Sim Modem |

Previous Results
Drate: 17.03. 2009 - Time:19:03:18 - Spstolic.:11Tmmbg - Diaztolic: DE0mmbg - Pulse Ratel74p/m - Body temp. 35 690C

Patient W anipulatree spstolic pressuns iz normat 117 diastobs prezsune iz nomak 080 pulss rate is nomal 074 body tempis noemeat 35.690C

Figure 5.6-c Measurement results at the interface after the 1st measurement

Between Figure 5.7-a and Figure 5.21-c, other trials measurement results are given.



Figure 5.7-a Measurement results on the LCD of the transmitter part after the 2nd

measurement

Figure 5.7-b Measurement results on the LCD of the receiver part after the 2nd

measurement
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s T—

Figure 5.7-c Measurement results at the interface after the 2nd measurement

These measurement values, which are above, were taken approximately 2 minutes

later after first measurement. And in these 2 minutes, blood pressure, pulse rate and

body temperature values didn’t change a lot as it was shown in figures.




Figure 5.8-a Measurement results on the LCD of the transmitter part after the 3rd

measurement

Figure 5.8-b Measurement results on the LCD of the receiver part after the 3rd

measurement
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body temperature values were still between the set values.

Figure 5.8c Measurement results at the interface after the 3rd measurement

Third measurement results show that, systolic-diastolic pressures, pulse rate and
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Figure 5.9-a Measurement results on the LCD of the transmitter part after the 4th

measurement

Figure 5.9-b Measurement results on the LCD of the receiver part after the 4th

measurement



[ Patient monitoring program
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Figure 5.9-c Measurement results at the interface after the 4th measurement

As shown in figures which are above, fourth measurement results were too close

to first measurement results. So it means, in these time interval, systolic-diastolic

pressures, pulse rate and body temperature values didn’t change a lot.
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Figure 5.10-a Measurement results on the LCD of the transmitter part after the 5th

measurement

Figure 5.10-b Measurement results on the LCD of the receiver part after the 5th

measurement
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Figure 5.10-c Measurement results at the interface after the Sth measurement

As shown in Figure 5.10-c, all measurement results were still between the set

values on the interface. So any LEDs, on the receiver part, didn’t give any signal.

From the first measurement approximately passed 10 minutes, but in this time

interval there were not any undesirable measurement results.
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Figure 5.11-a Measurement results on the LCD of the transmitter part after the 6th

measurement

At sixth measurement, systolic pressure was measured 119mmHg, diastolic
pressure was measured 77mmHg, pulse rate was measured 75p/m and the body
temperature was measured 36.16°C. All these measurement results were transmitted

correctly to the receiver part as shown in Figure 5.11-b.

Figure 5.11-b Measurement results on the LCD of the receiver part after the 6th

measurement
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Figure 5.11-c Measurement results at the interface after the 6th measurement

All measurement results, as shown in figures which are above, were between the
set values. Because of this, LEDs on the receiver part didn’t give any signal. These
six measurement results were verified with other blood pressure and body

temperature measurement devices.

After set values of the system were changed, measurement results are given in the

following figures.
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Figure 5.12-a First measurement results on the LCD of the transmitter part after set

values were changed

Sustolic Press
DiastolicPres:

Fulsei@g2
Boda Temr

Figure 5.12-b First measurement results on the LCD of the receiver part after set

values were changed
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Figure 5.12-c First measurement results at the interface after set values were changed

As shown in Figure 5.12-c, set values were changed. And some of the

measurement values exceeded the set values. So, as shown in Figure 5.12-c, two

LEDs which were related to diastolic pressure and pulse rate, gave signal because,

diastolic pressure and pulse rate measurement values exceeded the set values of the

system.
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From: & Merwem

Patient Manipulative systalic
pressure is normal: 119
diastolic press. is over the
level:DB2 pulse rate is over
the level:082 body temp.is

Figure 5.12-d First measurement results on the

mobile phone after set values were exceeded

When diastolic pressure and pulse rate exceeded the set limits on the interface, an
alert message, as shown in Figure 5.12-d, was sent to the related mobile phone which

was written on the interface.
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Figure 5.13-a Second measurement results on the LCD of the transmitter part after

set values were changed

Figure 5.13-b Second measurement results on the LCD of the receiver part after set

values were changed
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Figure 5.13-c Second measurement results at the interface after set values were changed

Second measurement results were the same with first measurement results, as

shown from Figure 5.13-a, 5.13-b and 5.13-c. So, same LEDs on the receiver part

again gave signals due to the exceeded of the set values.
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From: & Merwem

Patient Manipulative systalic
pressure is normal: 119
diastolic press. is over the
level:DB2 pulse rate is over
the level:082 body temp.is

Figure 5.13-d Second measurement results on the

mobile phone after set values were exceeded

In second measurement, again diastolic pressure and pulse rate exceeded the set
limits on the interface. For this reason, same alert message, as shown in Figure 5.12-

d, was sent to the related mobile phone which was written on the interface.
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Figure 5.14-a Third measurement results on the LCD of the transmitter part after set

values were changed

Figure 5.14-b Third measurement results on the LCD of the receiver part after set

values were changed
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Figure 5.14-c Third measurement results at the interface after set values were changed

In third measurement, again same systolic-diastolic pressures were measured. But

at this time, pulse rate was measured 84p/m and body temperature was measured

36.58°C. Again diastolic pressure and pulse rate measurement values exceeded the

set values. Because of this, same LEDs on the receiver part gave signal as shown in

Figure 5.14-b.
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Figure 5.14-d Third measurement results on the

mobile phone after the values were exceeded

As shown in Figure 5.14-d, at the third measurement diastolic pressure and pulse

rate exceeded the set limits which were written on the interface.
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Figure 5.15-a Fourth measurement results on the LCD of the transmitter part after set

values were changed

Figure 5.15-b Fourth measurement results on the LCD of the receiver part after set

values were changed
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Figure 5.15-c Fourth measurement results at the interface after set values were changed

As shown in Figure 5.15-c, systolic-diastolic pressure and pulse rate measurement

values exceeded the set values. Because of this, three LEDs on the receiver part,

which were related to them, gave signal as shown in Figure 5.15-b.
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Figure 5.15-d Fourth measurement results on the

mobile phone after set values were exceeded

In the last measurement, systolic-diastolic pressures and pulse rate measurement
values exceeded the set limits which were written on the interface. So, an alert
message about this situation was sent to the related mobile phone which was written

on the interface.

In the following figures, set values of the system were changed in each

measurement steps to take different alerts.
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Figure 5.16-a First measurement results on the LCD of the transmitter part after

changing the set values in each step

Figure 5.16-b First measurement results on the LCD of the receiver part after

changing the set values in each step
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Figure 5.16-c First measurement results at the interface after changing the set values in each step

As shown in Figure 5.16-c, systolic pressure set values were minimum 110mmHg
and maximum 115mmHg. But in the measurement result, systolic pressure was
measured 125mmHg. So it exceeded the level and because of this, systolic pressure
gave red signal as shown in Figure 5.16-b; which means, measurement result is over
the set level. Similarly, pulse rate and body temperature measurement results were
under the level. For this reason, pulse rate and body temperature gave blue signal as
shown in Figure 5.16-b; which means, measurement results are under the set level.
Although, diastolic pressure didn’t give any signal on the receiver part because,
diastolic pressure was measured 90mmHg and at that moment it was between the set

values.
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Figure 5.16-d First measurement results on the

mobile phone after set values were exceeded

Some measurement results were not between the set values on the interface; so an
alert message, as shown in Figure 5.16-d, was sent to the related mobile phone,

which was written on the interface.
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Figure 5.17-a Second measurement results on the LCD of the transmitter part after

changing the set values in each step

Figure 5.17-b Second measurement results on the LCD of the receiver part after

changing the set values in each step
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Figure 5.17-c Second measurement results at the interface after changing the set values in each step

At this measurement step, systolic pressure set values were set minimum

110mmHg, maximum 120mmHg but it was measured 126mmHg; so again systolic

pressure exceeded the set values and gave red signal on the receiver part as shown in

Figure 5.17-b. Also, diastolic pressure set values were changed and it was set to

minimum 80mmHg, maximum 85mmHg and again at this time, it was measured

90mmHg and it exceeded the set values. For this reason, it gave red signal as shown

in Figure 5.17-b. Similarly, at this measurement step, pulse rate set values were

changed but at this time, it was measured between the set values; so it didn’t give any

signal on the receiver part. Body temperature minimum level was set at 35°C, and it

was measured 35.76°C, because it was measured between the set values, it didn’t

give any signal on the receiver part.



An alert message for this situation, was shown in Figure 5.17-d

Figure 5.17-d Second measurement results on the

mobile phone after set values were exceeded
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Figure 5.18-a Third measurement results on the LCD of the transmitter part after

changing the set values in each step

Figure 5.18-b Third measurement results on the LCD of the receiver part after

changing the set values in each step
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Figure 5.18-c Third measurement results at the interface after changing the set values in each step

As shown in Figure 5.18-c, only pulse rate and body temperature measurement

results were not between the set values. They were measured under the limits; so

pulse rate and body temperature gave blue signal, which means measurement is

under the level, on the receiver part as shown in Figure 5.18-b.
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Figure 5.18-d Third measurement results on the

mobile phone after set values were exceeded

In Figure 5.18-d, third measurement results were shown as an alert message. By

this SMS alert message, measurement results conditions could be easily understood.
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Figure 5.19-a Fourth measurement results on the LCD of the transmitter part after

changing the set values in each step

In this step, systolic pressure was measured 123mmHg, diastolic pressure
measured 86mmHg, pulse rate was measured 78p/m and the body temperature was
measured 35.28°C. Also, these measured values were transmitted to the receiver part

as shown in the following figure.

Figure 5.19-b Fourth measurement results on the LCD of the receiver part after

changing the set values in each step
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Figure 5.19-c Fourth measurement results at the interface after changing the set values in each step

At this measurement step, again systolic pressure exceeded the set values.

Because it was measured 123mmHg and the limits were 110-115mmHg. So, related

red signal was given on the receiver part. Similarly diastolic pressure set values were

80-82mmHg but the measured value was 86mmHg. Because of it, diastolic pressure

gave red signal too. Besides, pulse rate was measured under the set values. For this

reason it gave blue signal as shown in Figure 5.19-b.
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Figure 5.19-d Fourth measurement results on the

mobile phone after set values were exceeded

An alert message, which is above, was sent to the related mobile phone after

fourth measurement.



Figure 5.20-a Fifth measurement results on the LCD of the transmitter part after

changing the set values in each step

Figure 5.20-b Fifth measurement results on the LCD of the receiver part after

changing the set values in each step
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Figure 5.20-c Fifth measurement results at the interface after changing the set values in each step

As shown from Figure 5.20-b and Figure 5.20-c, all measurement results were

between the set values. So any alert message wasn’t sent to any mobile phone.



Figure 5.21-a Sixth measurement results on the LCD of the transmitter part after

changing the set values in each step

Figure 5.21-b Sixth measurement results on the LCD of the receiver part after

changing the set values in each step
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Figure 5.21-c Sixth measurement results at the interface after changing the set values in each step

At this sixth step in the measurements, differently from the previous step, all set
values except systolic pressure set values were changed. For this reason, diastolic
pressure was measured over the maximum set level and the body temperature was
measured under the minimum set level. So, diastolic pressure gave red signal and the

body temperature gave blue signal on the receiver part as shown in Figure 5.21-b.
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Figure 5.21-d Sixth measurement results on the

mobile phone after set values were exceeded

Because of the existence any signal on the receiver part, an alert message as
shown in Figure 5.21-d was sent to the related mobile phone, which was written on

the interface.

The results of the project are as expected and satisfactory. If the user stays still
during the operation, the device can measure blood pressures (both systolic and

diastolic), heart rate and body temperature without any problem.
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5.2 Duration of Measurement

Normally, from the start until all the measurements are done, it takes about 1.05
minutes. But as shown from figures which are above, it took more than 1.05 minutes.
Because, related photos were taken to explain the operation principles so it took a
few extra minutes in the measurement. However, duration of measurement also
depends on each individual and how the cuff is worn. For each person, the amplitude
of the waveforms may differ causing the operating time to vary. And also,
transmission to the receiver part takes about 13 seconds. When the measurement
values are shown on the receiver part, they instantly transmitted to the interface on

the PC.

5.3 Accuracy

All the devices and the measurements are calibrated with the blood pressure
measurement devices and the thermometers on the hospitals. Besides, these

measurements were corrected by the doctors.

As mentioned earlier, all the measurements are mainly dependent on the
waveforms from the circuit and the pressure sensor is very sensitive to even a slight
movement of the user. As a result, it is possible that sometimes the device fails to
obtain the desired data, especially if the user does not stay still or wear the cuff
improperly. Also other wireless devices can affect the data transmission to the

receiver part.

Regarding the four result values (systolic, diastolic, heart rate and body
temperature), some of them has more success rate than the others. For the heart rate,
the success rate is very high for getting an accurate value. To find the heart rate, the
period of the AC waveform must be found. And since the period of heart rate stays
pretty much constant throughout the measurement, it is relatively easy to obtain an

accurate result. To find the pressure values, however, are harder because they depend
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on the amplitude of the waveform, and the amplitude varies a lot during the

measurement.

Another topic that is worth mentioning is that the method of measurement that is
called the oscillometric method. It is usually deployed in commercial products due to
the reliability. However, this method is not as accurate as the auscultatory method, in

which the doctor uses the microphone to listen to the noise in the artery.

Also body temperature is measuring by taking four temperature sensors average.
So these sensors can put on the critical parts of the body, or anywhere on the body.
This choice is too important for measuring the real body temperature. If all the
temperature sensors are put on the foot, it can’t measure the real body temperature,
because measured temperature from the foot can't reflect the body temperature. For
measuring the body temperature truly, all the temperature sensors must be put on
right places on the body. In this project, all sensors were put on the armpit during the

measurements.

5.4 Safety in Design

Since this is a medical instrumentation device, the safety of the user is the first
concern to me. The cuff while driven by 5 volts motor can squeeze the arm really
hard and cause injury if being used improperly. So this device has 2 levels of

security, making sure that the operation can be aborted by the user at anytime.

For the first safety design, the microcontroller is programmed in the way such that
if the pressure in the cuff is greater than 160mmHg, the motor will stop. For most
people, the pressure at 160mmHg will only cause a little discomfort to the arm. This
design makes sure that the pressure inside the cuff will never exceed the maximum

limit of 160mmHg.

The second safety design is to provide an emergency button for the user. While

the motor is pumping and the cuff is being inflated, if the user encounters too much
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discomfort or pain, he/she can press this button to stop the operation immediately.
The motor will be stopped and the valve will be opened to release the air out of the

cuff.

Other than the cuff and motor concerns, this project is very safety to use because
it is very well packaged in a plastic enclosure. The device is run by low-voltage (9

volts) battery which cannot cause any major harm to human body.



CHAPTER SIX

CONCLUSIONS

The biomedical smart clothes have several advantages, they avoid the necessity of
placing the sensors by nurse or physician, the sensors are placed at the right place,
they are protected, are not visible or discrete. They are user friendly and particularly
adapted for monitoring in case of chronic diseases and monitoring of handicap
peoples, elderly peoples, in case of chronic diseases and during professional, sport

and military activities.

In this research, portable blood pressure and body temperature measuring system
is designed. As well as measuring these parameters, measured values are transmitted

to the receiver part of the system and by this; patient monitoring is become easier.

The measurements are acceptably accurate. The operations of the device are
reliable and have not produced any major problems. The power consumption of the
device is decent as lots of measurements (more than 20) were tried and the set of two

9-volt batteries has not died yet.

Regarding the batteries and power consumption, a big problem was encountered
in this issue while testing the device. At the first place, one battery was used to
power the MCU board, and the other to power the circuit, valve and motor. However
after a couple of tries, the battery that powered the circuit and motor lost its power
and could not provide a constant voltage during the measurement. In other words, the
voltage across that battery drops constantly as the motor runs. As a result, the voltage
that feeds all the chips in the circuit are not high enough (the AD620 and OPA2277

requires 5V and -5V) and causes the circuit to malfunction.

So this problem was fixed by separating the battery that runs the valve and motor
from the rest of the circuit. Then the battery is used that supplies the MCU board to
power the circuit instead. Now that the battery that supplies the valve and the motor

is separated, it ensures that there will be no voltage drop in the circuit while the
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motor is running. This way, the power consumption of the 2 batteries will be more

balanced, since the circuit and the MCU do not consume much power.

As it can be understood from its name, the pressure micro sensor is smaller than
other sensors. The advantage of this small size is evident when comparing the size of
the micro sensor to a muscle fiber. In normal human muscle, the adult muscle fiber
diameter is reached at 12—15 years of age and varies over a narrow range. Adult
muscle fibers range in diameter from 50 to 100 mm. Thus, the micro sensor is
approximately the same diameter as a muscle fiber. This small size will permit

minimally traumatic measurement of intramuscular pressure.

In the studies of designing and realizing the electronic structure, main purpose is
to transmit the measurement values to the receiver part correctly. To obtain this
correct transmission, a 433 MHz RF transmitter and receiver are used. But
sometimes, this transmission can be effected from other radio frequencies. Especially
mobile phones and wireless modems can effect this transmission badly and because
of this, some of the received data in the receiver part of the system can be wrong. To
solve this wrong data transmission, special RF transmitter and receiver modules can
be used which are called UTX RF transmitter and receiver. But these equipments are
more expensive than the other RF transmitter and receivers which is used in this
project. And also, the antenna length is very important. Normally, for 433 MHz RF
transmitter, the antenna length is approximately 17.3cm, but in this project
approximately 8cm antenna is used. So, it effects the data transmission badly and

because of the antenna length, sometimes, received data can be wrong.

The LCDs on the system, consume more of the battery life by their LEDs. For
preventing this consumption, solar panels can be used in the future. By using them,
rechargeable batteries can be loaded; so new batteries have not been bought

anymore.

For the future research, graphic LCDs can be used in this system. On these LCDs,

blood pressure oscillation can be seen easily. Besides, a buzzer can be put into the
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transmitter part and hear the measurement of the blood pressure or body temperature.
Alternatively, measurement results can be heard from someone's voice, which is

integrated into the system.

Some other sensors can be adapted into this system and by this; other special
values can be measured portably. This system gives freedom to the patient and also it
is a big convenience for hospital care. By using this system, patient’s measurement
values can be transmitted instantly to the hospital and to the doctor. If any critical
measurement values exist, related messages are sent to the mobile phone of the
doctor. Set values for each patient can also be arranged from the interface on the

computer.

This project can be used in medical applications because it is convenient. For
instance, in hospitals there are lots of patients but the number of nurse is not ample
for observing the condition of them. By using this project; if there is a change in the
patient’s condition, it can be seen from afar and anyone need to be near the patient all
the time for measuring their body temperature or blood pressure because near them
there is an LCD and on it, the body temperature and blood pressure values can be
seen instantly. The software may also be easily modified to provide better analysis of

the systolic, diastolic blood pressure and body temperature of a person.
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APPENDIX A: PIC CCSC CODES OF TRANSMITTER PART

//ERDEM KOSEOGLU

//2006900204

#include <18F452.h>

#device ADC=10 //10 bit ADC is used.
#include <stdlib.h>

#include <math.h>

#FUSES NOWDT //No Watch Dog Timer

#FUSES XT //Crystal osc <= 4mhz

#FUSES NOPUT //No Power Up Timer

#FUSES NOPROTECT //Code not protected from reading
#FUSES NODEBUG //No Debug mode for ICD

#FUSES NOBROWNOUT //No brownout reset

#FUSES NOLVP //No low voltage prgming, B3 (PIC16)

or B5(PIC18) used for I/O
#FUSES NOCPD //No EE protection

#use delay(clock=4000000)
#include <myLCD420.c>
#include <DS18B20.c>
//#use fast io(c)
float temp,basincl,basinc2,voltaj,sys measure,dias measure, farmer;
float pulse period, total pulse period, pulse per min;
unsigned long int adcl,adcO,timerate, time dias, tmr basinc;
unsigned char count average,sys count,tmrcountl; //get value
//between 0-255.
intl basinc_olcum, stop,yolla;
int gonder, sgonderl, sgonder?2;
#bit bittest=gonder.7//the transmitted data’s 7% bit
#priority RB, timer0
//******************************************************************
#int RB //the interrupts on B4...B7
void B degisim() //interrupt funct. name
{
disable interrupts (INT RB);
delay ms (30);



98

if (input(pin b4)==0)
{
tmr basinc=15000;
stop=0;
enable interrupts (INT timerO);
}
if (input (pin_b5)==0)
{
output low(pin dl); //Stop motor.
output low (pin_d2); //open the valve and
//defecate the air.
basinc_olcum=0;
stop=1;
disable interrupts (INT timer0); //stop TMRO interrupt.

enable interrupts (INT RB);
delay ms (30);
}

//******************************************************************

#int timerO //makes an interrupt for 1lms.
void timerO_kesme() //interrupt funct. name
{

disable interrupts (INT timer0);

set timer0(131);

tmr basinc++;

if (tmr_basinc>=15000)
{
farmer=3.99;
output high(pin dl); //Start motor.
output_high(pin d2); //Close the valve
tmr basinc=0;

basinc_olcum=1;

if (basinc_olcum==1)

{

tmr basinc=0;
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if (tmrcountl>0) tmrcountl--;
if (timerate<6000) timerate=timerate+1l;

if (time dias<2000) time dias=time dias+1;

enable interrupts (INT timerO);

//******************************************************************
v j u v .
float voltaj read() //calculate the voltage and go back

{
set _adc_channel (0); //the signal at the RA1/AN1 will be

compute A/D.
delay us(20);
adcO=read adc();
voltaj=(0.0048828125*%adcO) ;
return (voltaj);

}

//******************************************************************
float basinc2 read() //Calculate voltage and go back.

{
set _adc channel (1) ; //the signal at the RA1/AN1 will be

compute A/D.
delay us(20);
adcl=read adc();
basincl=((0.0048828125*adcl) /337);
basincl=basincl*2500;
basinc2=(basincl*760)/101.325;
return (basinc?) ;

}

//******************************************************************

void lcd goster()

{
lcd gotoxy(1,1);
printf (lcd putc,"Systolic Press :%5.2fmmHg ", sys measure);
lcd gotoxy(1,2);
printf (lcd putc,"Diastolic Press :%5.2fmmHg ", dias_measure);
lcd gotoxy(1,3);
printf (lcd putc,"Pulse Rate :%3.0f p/m ", pulse per min);



}

lcd gotoxy(1,4);
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printf (lcd putc,"Body Temp :%4.2f %cC ", temp,223);

//******************************************************************

void lcd goster init()

{

}

lcd gotoxy(1l,1);

printf (lcd putc,"Digital Blood press.");

lcd gotoxy(1l,2);

printf (lcd putc,"& Temperature Measure");

lcd gotoxy (1,3);

printf (lcd putc,"Press Start Button");

lcd gotoxy(1,4);

printf (lcd putc,"For Measuring...");

//******************************************************************

void serigonder ()

{

byte bitkaysayac;
bitkaysayac=1;
output high (pin d3);
delay ms(4);
output low(pin_d3);
delay ms(2);
while (bitkaysayac<9)
{
if (bittest==
{

)

//gives
//pine pals
//for
//senkron bit

//if bittest 1

output _high(pin d3); //make the port value 1

delay us(500);

output low(pin d3); //make the port value 0

delay us(1500); //hold at 0 for 1lms

}

else

{

//if bittest 0

output high(pin d3); //make the port value 1

delay us(500);

output low (pin d3); //make the port value 0
delay us(1000); //hold at 0 for 1lms
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}
gonder=gonder<<1l; //shift left the godnder
bitkaysayac++; //increase the shift counter
}
output high(pin d3); //STOP BIT
delay us (500); //STOP BIT
output low(pin_ d3); //STOP BIT
delay ms (10);
}
] KKKk kK K K K ok ok k kK K K ok ok ok ok ok K K K o ok ok ok ok kK K K ok ok ok ok kK K K ok ok ok ok ok K K K ok ok ok ok kK K K ok ok ok ok ok
void main ()
{
setup psp (PSP_DISABLED) ;
setup spi (SPI_SS DISABLED);
setup timer 0(RTCC_INTERNAL | RTCC_ DIV 8);
setup timer 1(T1 DISABLED);
setup timer 2 (T2 DISABLED,O0,1);
setup _adc_ports (ALL ANALOG) ; //A1ll AN inputs are analog
setup adc(adc_clock div 32); //ADC clock frequancy fosc/32
setup CCP1 (CCP_OFF) ;
setup CCP2 (CCP_OFF) ;

set tris a(OxFF); //A port input

set tris b(0xFF); //All B ports are input.

set tris c(0x0F); //C2:START BUTTON C3: STOP BUTTON.
set tris d(0x00); //D1:MOTOR1 D2 :MOTOR2

set tris e (0x0F); //E port input

output low(pin _dl);

output low(pin_d2);

output low(pin d3);//RF module transmitter connection point
delay ms (100);

led init ()

set timer0 (131);

lcd _send byte (0x0c);

enable interrupts (INT RB);

enable interrupts (GLOBAL) ;

sys_count=0;

tmrcountl=40;

time dias=0;
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farmer=3.99;
sys_measure=0;
dias measure=0;
pulse per min=0;
basinc2=0;
timerate=0;

tmr basinc=0;
basinc_olcum=0;

stop=0;yolla=0;

lcd goster init();
while (1)
{

//******************************************************************

if (basinc olcum==1) //calculate the pressure and go back.

if (stop==1) {goto exit;}
sys_measure=0;
dias_measure=0;
pulse per min=0;
temp=0;
//lcd goster(); //at the beginning of the measurement,
values on the LCD will be zero.
lcd send byte (0x01); /* clear */
while (basinc2<=160)
{
if (stop==1) {goto exit;}
basinc2=basinc2 read();
lcd gotoxy(1,1);
printf (lcd putc,"Cuff Inflating:%5.2f ", basinc2);

lcd send byte(0x01); /* clear */

lcd gotoxy(1l,1);

printf (lcd putc, "Measuring Systolic");
lcd gotoxy(1,2);

printf (lcd putc, "Pressure...");

if (basinc2>=160)
{
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output low(pin dl); //the motor is stopped because
pressure have the defined wvalue.
tmrcountl=40;
sys_count=0;
] ] KKKk kK KK Kk Kk ok kK KKKk Kk kk kX *GYSTOLIC MEASUREMENT * * % % % % % % & k % % % % % % & k %
while (sys count!=10)
{
if (stop==1) {goto exit;}
while (tmrcountl!=0) {}
tmrcountl=40;
voltaj=voltaj read();
if (farmer<=4.0 && voltaj>4.0) {sys_count++;}
farmer=voltaj;
sys_measure=basinc2 read() ;
//lcd gotoxy(1l,1);
//printf (lcd putc,"Sys Pr:%5.2fmmHg ",

//sys_measure) ;

sys_count=0;
tmrcountl1l=40;
while (sys count!=4)
{

if (stop==1) {goto exit;}

while (tmrcountl!=0) {}

tmrcountl=40;

sys _measure+=basinc2 read();

sys_count++;

}
Sys_measure=sys_measure/4; //takes the
arithmetic average of the 4 measurement.
lcd send byte(0x01); /* clear */
lcd gotoxy(1l,1);
printf (lcd putc,"Measuring Complated");
lcd gotoxy(1,2);
printf (lcd putc,"Systolic Press:%5.2f ", sys measure);
//*********************************PULSE RATE * % % & % Kk &k sk k& ok ok ok ok ok ok ook kokok ok

lcd send byte (0x01); /* clear */
lcd gotoxy(1,1);
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printf (lcd putc,"Measuring Pulse Rate");
farmer = 2.4;
count average=0;
tmrcountl=40;
timerate=0;
total pulse period=0;
while (count average<5)
{
if (stop==1) {goto exit;}
//while (tmrcountl!=0) {}
//tmrcount1=40;
voltaj=voltaj read();
if (farmer<2.5 && voltaj>2.5)
{

total pulse period=total pulse period+timerate;
timerate=0;
count average++; //finish reading one
//period
}
farmer=voltaj;
}
if (count average==5)
{
pulse period = total pulse period/5; //total pulse
//divided 5 to take the average.
pulse per min= 60000/pulse period;
lcd send byte (0x01); /* clear */
lcd gotoxy(1,1);
printf (lcd putc, "Measuring Complated");
lcd gotoxy(1,2);
printf (lcd putc,"Pulse: $3.0f p/m ", pulse per min);
}
//*****************************DIASTOLIC MEASUREMENT * * % % % % % % % % & % % & % %
lcd send byte (0x01); /* clear */
lcd gotoxy(1,1);
printf (lcd putc,"Measuring Diastolic");
lcd gotoxy(1,2);

printf (lcd putc,"Pressure...");
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time dias=0;
while (time dias<2000)
{
if (stop==1) {goto exit;}
basinc2=basinc2 read();
//lcd gotoxy(l,1);
//printf (lcd putc,"Sys Pr:%$5.2fmmHg ", basinc2);
voltaj=voltaj read();
if(voltaj>4.8) {time dias=0;}
}
if (time dias>=2000)
{
dias_measure=basinc2 read();
}
lcd send byte (0x01); /* clear */
lcd gotoxy(1l,1);
printf (lcd putc,"Measuring Complated");
lcd gotoxy(1,2);
printf (lcd putc,"Diastolic Press:%5.2f", dias measure);
output low(pin d2); //Valve will be open.

//******************************************************************

}

//******************************************************************

basinc_olcum=0;

tmr basinc=0;
temp=ds1820 read();
lcd goster();
yolla=1;

exit:

if (stop==1)

{
sys_measure=0;
dias_measure=0;
pulse per min=0;
yolla=0;

lcd goster init();
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//******************************************************************

if
{

//temp=ds1820 read();
//lcd goster();

(yolla==1)

disable interrupts (GLOBAL) ;
sgonderl=floor (sys _measure) ;
sgonder2=floor ((sys _measure-sgonderl) *100);
gonder=sgonderl;

serigonder () ; //serial transmitting
gonder=sgonder?2;

serigonder () ; //serial transmitting

sgonderl=floor (pulse per min);
sgonder2=floor ((pulse per min-sgonderl)*100);
gonder=sgonderl;

serigonder () ; //serial transmitting
gonder=sgonder?2;

serigonder () ; //serial transmitting

sgonderl=floor (dias_measure);
sgonder2=floor ((dias _measure-sgonderl) *100) ;
gonder=sgonderl;

serigonder () ; //serial transmitting
gonder=sgonder?2;

serigonder () ; //serial transmitting

sgonderl=floor (temp) ;
sgonder2=floor ( (temp-sgonderl) *100) ;
gonder=sgonderl;

serigonder () ; //serial transmitting
gonder=sgonder?2;

serigonder () ; //serial transmitting
yolla=0;

enable interrupts (GLOBAL) ;

protocol

protocol

protocol

protocol

protocol

protocol

protocol

protocol

runs

runs

runs

runs

runs

runs

runs

runs



APPENDIX B: PIC CCSC CODES OF RECEIVER PART

//ERDEM KOSEOGLU
//2006900204
#include <18F452.h>
#include <stdlib.h>

#include <math.h>

#FUSES NOWDT
#FUSES XT

#FUSES NOPUT
#FUSES NOPROTECT
#FUSES NODEBUG
#FUSES NOBROWNOUT
#FUSES NOLVP

//or B5(PIC18) used for I/O
#FUSES NOCPD
#FUSES WRT_50%
//Write Protected

#use delay(clock=4000000)
#include <myLCD420 2.c>

#use rs232
//#use fast io(a)
//#use fast io(b)

#use fast io(c)

//No Watch Dog Timer
//Crystal osc <= 4mhz
//No Power Up Timer
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//Code not protected from reading

//No Debug mode for ICD
//No brownout reset

//No low voltage prgming,

//No EE protection

B3 (PIC16)

//Lower half of Program Memory is

(baud=9600, xmit=pin C6, rcv=pin C7, parity=N,

stop=1)

#define data pini pin b0 //the data input pin which cames from RX

//module

float temp,sys measure,dias measure,pulse per min;

intlé tmr0_sayac;

//byte buffer;

//the control loop for sychronization

unsigned intl6 buffer,sall,sal2,sal3,sald4,salb,sal6,sal7,sal8;

#bit bittest=buffer.0//the variable for buffer’s 0.bit

int bitkaysayac,led;//,sall,sal2,sal3,sal4,sal5,sal6,sal7,sals8;

//counter for shift control

char klavye[20];

#int rda

void serihaberlesme kesmesi



disable interrupts(int rda);

//output high(pin b7);

gets (klavye) ;
led=atoi (klavye) ;

if (bit test(led,0)==1)
{
OUTPUT BIT (pin B4,1);
OUTPUT BIT (pin A3,0);
}
else
{
OUTPUT BIT (pin B4,0);
OUTPUT BIT (pin A3,1);

if (bit_test(led,1l)==1)
{
OUTPUT BIT (pin B5,1);
OUTPUT BIT (pin_ A2,0);

else

OUTPUT BIT (pin B5,0);
OUTPUT BIT (pin A2,1);

if (bit test(led,2)==1)
{
OUTPUT BIT (pin B6,1);
OUTPUT BIT (pin_ Al,0);
}
else
{
OUTPUT BIT (pin B6,0);
OUTPUT BIT (pin Al,1);
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if (bit test(led, 3)==1)
{
OUTPUT BIT (pin B7,1);
OUTPUT BIT (pin AO0,0);
}
else
{
OUTPUT BIT (pin B7,0);
OUTPUT BIT (pin AOQ,1);

clear interrupt (int rda);
disable interrupts(int rda);
//enable interrupts(int rda); //when serial operation stops, this
interrupt will be active.
}
//******************************************************************
#int timer0 //makes an interrupt for 500us.
void timer(0 kesme() //interrupt funct. name
{
set timer0 (131);
tmr0_ sayac++;
}
//******************************************************************
void lcd goster()
{
lcd gotoxy(1,1);
printf (lcd putc,"Systolic Press :%5.2fmmHg ", sys measure);
lcd gotoxy(1,2);
printf (lcd putc,"Diastolic Press :%5.2fmmHg ", dias_ measure);
lcd gotoxy(1,3);
printf (lcd putc,"Pulse : $3.0f p/m ", pulse per min);
lcd gotoxy(1,4);
printf (lcd putc,"Body Temp : %4.2f %cC ", temp,223);
}
//******************************************************************
void serial ()

{
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//output _high (pin b7);
tmr0 sayac=0;buffer=0;bitkaysayac=1;
while (input (data pini)==0) //as long as pin is 0, wait here
{
}
enable interrupts (INT timerO);
while (tmr0_sayac<7)
{
if (input(data pini)!=1) tmr0 sayac=0;
}
disable interrupts (INT timer0);
tmr0_sayac=0;
while (input (data _pini)==1) //wait until data is 0
{
}
while (input (data pini)==0) //wait until data is 1
{
}
while (bitkaysayac<9) //control the shift number
{
while (input (data pini)==1) //wait until data is 0
{
}
enable interrupts (INT timerO);
while (input (data pini)==0) //wait until data is 1
{

}
disable interrupts (INT timer0);

if (tmr0_sayac==2) bittest=0; //if data pin is equal to
1, makes the buffer’s 0.bit 1

if (tmr0_sayac==3) bittest=1l;

buffer=buffer<<l; //shift left the buffer

bitkaysayac++; //increase the shift
counter

tmr0_ sayac=0;

}

buffer=buffer>>1;
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while (input (data pini)==1) //wait until the data is

equal to O.

}

//******************************************************************

void main ()

{

setup_adc_ ports (NO_ANALOGS) ;

setup_adc (ADC_OFF) ;

setup spi (SPI_SS DISABLED) ;
setup_timer O (RTCC INTERNAL | RTCC DIV 4);
setup timer 1(T1 DISABLED);

setup timer 2 (T2 DISABLED,O0,1);
setup CCP1 (CCP_OFF);

setup CCP2 (CCP_OFF) ;

set _tris a(0x00);

set _tris b (0x01); //RF receiver input.
set _tris c(0x00);

output a (0x00) ;

output b (0x00);

output c(0x00);

delay ms(100);

lcd init ()

set timer0(131); //1*4*(256-131)=500us interrupt
lcd _send byte (0x0c);

lcd goster();

clear interrupt (int rda);

disable interrupts(int rda);

disable interrupts (INT timer0);

enable_ interrupts (GLOBAL) ;

while (1)

{

serial(); //take serial data
sall=buffer;

serial () ; //take serial data

sal2=buffer;



serial(); //receive serial data
sal3=buffer;
serial () ; //receive serial data
sald=buffer;
serial () ; //receive serial data
salb=buffer;
serial(); //receive serial data
salo=buffer;
serial () ; //receive serial data
sal7=buffer;
serial(); //receive serial data

sal8=buffer;

lcd _send byte (0x01);

lcd gotoxy(1l,1);

printf (lcd putc,"Systolic Press
lcd gotoxy(1,2);

printf (lcd putc,"Diastolic Press
lcd gotoxy(1,3);
printf (lcd putc, "Pulse %$31u p/m ", sal3)
lcd gotoxy(1l,4);

printf (lcd putc,"Body Temp: %2lu.%21lu %cC

printf ("%c%c",sall,sal2);
delay ms(1);
printf ("%c%c",sal3,sald);
delay ms(1);
printf ("%c%c",salb,sal6);
delay ms(1);
printf ("%c%c",sal7,sal8);

enable interrupts(int rda);

:%$31u.%2lummHg ",

:%$31u.%21lummHg ",

r

",sal7,sal8,223);
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sall,sal2);

sal5, salo);
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APPENDIX C: PRINTED CIRCUIT BOARD OF TRANSMITTER PART
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APPENDIX D: PRINTED CIRCUIT BOARD OF RECEIVER PART
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APPENDIX E: DATASHEETS

MICROCHIP
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PIC18FXX2

258/40-pin High Performance, Enhanced FLASH
Microcontrollers with 10-Bit A/D

High Periormance RISC CPU:

= [ compiker cptmized archilecturansinucion set

- Sourca coda compatibla with tha PIC1E and
PICAT imstruction scis

= Linaar program memory addrassing o 32 Kbytas

Paripheral Features (Continued):

= Addressabla USART modula:
- Buppors AS-485 and AS-232
» Pernlicd Slava Port (PEF) modula

« Linaar dats mamory sddreasing 1o 1.5 Kiytos Anglog Features:
On-Chip Frogrmm = Compatibla 104t Analog-io-Digital Comeanter
Mamony mnﬂm EEDF"FtI..':lI modula | AT with
Daice Word - Fast sampling ratsa
o | e o | tmyeas) | [myies) - Convorsion availabls during SLEEP
LN B - Linsarnty < 1 L3b
i L el F
] B 1536 SR L PI';QMI‘I‘ITIIHH Liow 'I'dlﬂLi E::I; |_F'L'|"!:l:-
. - Supports inkernapd on- Datection
] M e e = * Programmabda Brown-out Resct (BOH)
PICIEF4sT| I VBB 1538 255/

= Upto 10 MIPs oparaton:
- [C - d0 MHz osoclock input

- 4 MHz - 10 MHz cscclock input with PLL active

= {i-bit wada instructions, E-bit wide data path

* Priosty lovels for intemupts:
= Bx 8 Single Cycle Hardwars Multipier

Perphersl Features:

= High oument sink/sounoa 25 méuZh mi

= Threa cremal i pires:

» Timar) modula; B-bib'{&-bit tmaencouniar withi
B-kit programmabla prescalor

* Timari modula: 16-bit Smesioounber

» Timar? modula; B-bi Srmseloounter with B-bat
paniod regisiar (Sma-basa for YA

* Timard modula: 16-bit Smesioounber

= Secondary osdllaior clodk opfion - Timer 1/ Timard

* Two Capura'Compern/PWM (CCP) modules.
CCF pins that can ba configured as:
- Captura input: capture is {6-bit,
max. resolusion 625 ns [Too'E)
- Compana is 18-, mex. resolution 400 ns [TCY)
- P compert: PW rasclution is 1- to 10-bat,
it P freg. &2 B-bit roschution = 1 58 kKHx
1(Hbit rasohution = 38 kH

= Master Synchronous Sarial Port [MESP) modula,

Two modaos of operation:
- Brwire SPI™ [supports al 4 3P modas)
- [A0™ Mastor and Slave moda

Special Microcontroller Features:

= {00,000 crasaferia cyde Enhmnoad FLASH
program memany typical

= {000,000 armnsofwrita cycla Dote EEPROM
mamary

* FLASHTatn EEFROM Fatantion: » 40 yoars

» Saif-reprogrammable under softwars control

* [Powar-on Fasct (POR]), Power-up Timar [PWHT)
wnd Osoillotor Start-up Timar (CST)

= 'Waichdog Timar (WD) with its own On-Chip ARG
Oeallstor for ralinble operation

* Programmable code protection

* Powar saving SLEEF mode

» Salocinblo osallator opfons including:
- 4X Phasa Lock Loop (of primary oscillator)
- Secondary Osallator (32 kHz) clodk input

= Single supply BV In-Circuit Senal Progeamming™
{ICEP™ ) via two pins

* ln-Circuit Diabug (G0 vim bwo pins

CMOS Technology:

* Low powsar, high spood FLASHEEPROM
tachnalogy
= [Fully sintic dasign
* 'Wide oparating voltsge renga (2.0% 10 BBV
* Industial and Extendad temperature ranges
* Low powsar consumpion:
-« 1.6 mi typical @ 6V, 4 MHzx
- 25 A rypical @ 3V, 32 kHz
-« (L2 pA typical standby curmant
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PIC18FXX2

Pin Diagrams (Cont.’d)
DiP 7
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Node: Pin compatils with 40-pin PIC18CTY devices.
DIP, S0IC
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PIC18FXX2

1.0

the following devices:

+ PICIBF242
« PICiBF252

DEVICE OVERVIEW
This document containg device specific informeticn for

+ PIC{8Fa42
« PIC{8F452
These devices coms in 2B-pin and 40V44-pin packages.
The 28-pin devices do not have a Paraliel Slave Port
(PSP} implemented and the numbsr of Analog-o-
[igital (AT} converter input channels is reduced to 5.

An overview of features is shown in Table 1-1.

The following fwo figures are device block diagams
sorted by pin count: 28-pin for Figure 1-1 and 40/44-pin
for Figure 1-2. The 2B-pin and 40Vdd-pin pinouts are
listed i Table 1-2 and Table 1-3, respactively.

TABLE1-1:  DEVICE FEATURES
Features PICi18F242 PIC1BF252 PIC18F442 PIC1BF452
Oparating Freguency DC - 40 MHz DC - 40 MHz OC - 40 MHz DC - 40 MHz
Program Memory (Bytes) 16K 32K 16K 32K
Program Memory (Instructions) &192 16384 B192 16364
Data Memory (Bytes) 768 1536 768 1536
Dieta EEFROM Memaory (Bytes) 256 256 258 256
Interrupt Sources 17 17 18 18
VO Ports Pors 4,8, C Ports A, B, C Porz 4,8, C,0,E (Ports A, B, C.D,E
Timers 4 4 4 4
Capturs/ComparaPWH Modules 2 2 2 2
MS5F, MSSEF, MSSF, MS5EP,
Serial Communications Addressable Addreszable Addressabls Addreseabls
USART USART USART USART
Parallel Communications — — PSP PSP
10-bit Analog-to-Digital Module Sinput channels | 5Sinputchannels | B nput channsls | B input channels
POR, BOR, POR, BOR, PCOR, BOR, POR, BOR,
REEET Instruction, | RESET Insfruction, | REEET Instruction, |REEET Instructon,
RESETS (and Delays) Saack Full, Stack Full, Stack Full, Stack Full,
Siack Underflow | Siack Underflow | Stack Underflow | Stack Underflow
(PWHT, OET) [PWAT, O5T) {PWRT, O8T) (PWRT, O5T)
Programmable Low Voltage s e es Yas
Dietect
Programmable Brown-out Resst s s es Yas
Instruction Set 75 Inatructions 75 Instructions 75 Instructions TS Instructions
. . 40-pin DIF 40-pin DIP
28-pin DIP 28-pin DIP ; ]
Pk mmsoc | mmsoo | 4R | s

117



ANALOG
DEVICES

118

Low Cost, Low Power
Instrumentation Amplifier

FEATURES
EASY TD USE
Gain Sat with Ona Extarnsl Rasistor
[Gain Ranga 1 to 1000}
Wide Powser Supply Range (=23 V to =18 V]
Highar Performancae than Three Op Amp 1A Designs
Availablz in 2-Lead DIF and S0IC Packaging
Low Power, 1.3 mA max Supply Corrent

EXNCELLENT D PERFORMANCE ("B GRADE™)

B0 pV max, lnput Offset Valtage

0.6 VAT max, Input Offsat Drift

1.0 nA max, Input Bizs Current

100 4B min Common-Meda Hajection Ratio G = 10

LOW MNOISE
4 nViHz, @ 1 kHz, Input Voltage Noisa
0.28 ¥ p-p Noisa (0.1 Hz to 10 Hz

EXCELLENT AC SPECIAICATIONS
120) kHz Bandwidth |G = 180
15 s Settfing Tima to 0.07%

APPLICATIONS

Waigh S<ales

ECG and Madical Instrumentation
Transdwcar Intarface

Data Acquisition Systems

Industrial Process Controls

Esttery Powsred and Portable Equipment

PRODUCT DESCRIFTION
The A0 is a low oost, high scoumcy instumentation amph-
fier that requiress ondy cne external resisbor in set gains of 1 o

5: "Luu-—
a (=13

- ,f”f T
A e '
o S

SUPELY CLIRRENT A
Figura 1. Threa Op Amp 4 Designs vs. ADEAD

REV.E
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which may resull from Hs uss No loanss s niad tl'l'lm on or
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AD620

£-Lend Plastic Mini- NP (¥}, Cerdip (Q)
and SOIC () Packages

ma [1] 1] ra

w[ o

ToF wilA

1000, Fusthermore, the ADG2D features 8lead SOIC and THF
packaging that is smaller than discrete designs, and offers lower
power [zaly 1.3 mA max supply current), making it o good G
for battery powered, portable (or remote) applications.

The ADG2, with its high soooracy of 40 ppm maximam
nonlinearity, low oifset voltage of 50pY max and ofset drft of
0.6 G max, is ideal for ose in precsion dats scquisiton
systems, such as weigh scales and tramsducer interfaces. Fur-
thermore, the low nosse, low input hiss omrent, and low power
of the ADGH) make 5t well susted for medical spplications such
15 ECG and noninvasive blood pressure monsors.

The low imput hiss corrent of 1.0 nfA may & made possible with
the use of Sopeg) etn procesing m the ingrt stage. The ATE2(
works well a5 o preamplifier due bo its low input volisge noise of
0 oV ot | BHe, 028 pV pop in the 0.1 He 1o 10 He band,
0.1 pAARTE input current nose. Ao, the ATM3) is well suitsd
for mmltiplexad spplicatons with it s=ttling tme of 15ps to
0.1 amd its cost §s Jow enough to enable designs with one in-
amp per channel.
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ADG20-SPECIFICATIONS  rypcs v .- <15 an, . s st

ADgns'
Madel Cearditiona Mmn Typ M Min Trp Mm Men Typ Max Vit
GAIM Gom 14 find WH)

{iziz Hazge 1 13,800 1 10,004 1 18,800

{atn oo Var=zin¥
Gm1 LM .08 WM 0T L I T %
Gmin L1y 0% LE DI 1y 03 5
0= 10 L1y 0% LE DI 1y 03 %

G = 1000 4 0.7 ¥ LW 4l 078 %

NemErariy, Y= -BYio 20,

0 = 11000 =0kl a4 B oW 1 & PP
O= 1-100 R =2l m ] [ PP
Gz ve. Tompernter
(= 1% o 1% ppl
Clam =17 3 m 5 el
YOLTAGE OFFSET (Totall BTN Errer = Vg # W)

Repuai (i, ¥ Vem£1Wmi19¥ b L) MW b L ITi)
[ver T Vem£1Wmi19¥ 1] [ -] s i)
Necrum EZ '-':- 1V mt1a¥ oLy 1o T T ] oLy 1o :'ll'.'l:

upet (e, Vo VpmzntV 0e 10 B0 W T U T I

V=21V 1584 ™ 1520 i)
[vver Tampoanm: =t Vmsia¥ 20 10048 2000 wv
fwerame T V=23 ¥imz1a ¥ w1 11 T w14 e
(Bt Refomed e
Irgrei v,
(PSR Vp=t21Vim218Y
im | B2 102 4] 5] 8 108 dil
w18 " 128 1m 1] " 128 dil
w120 1] 143 120 ] (1] 142 di
w1000 [ 142 13 1] (1] 143 dB
[SPUT CURERST

lepat Fim Coarresi ne 20 LENT ne 2 il
Dher T 23 14 i i
Ascrum EZ L0 LT ED "

Repuat (et Curreni oy 10 LT oy 1a s
Dher T 14 oL 20 il
Awcru EZ L) 13 ED "l

i
:ﬁm}i:'nmiul 1afz wi 1af2 (ileF
Cammae-Mede 1afz wi 1afz (iF
lepui Valape Range! Vem#21Vim s ¥ Vel T B W12 | Np+1m -2 |V
[hver Tampoamm V421 #4- 13 | W+l -1 | Ny #p-13 |V
V=t Vot '||': 18 -'||': 1.4 '-':+ Ls +'|': L4 'lu': 418 -'In': 14|V
[hver Tampear: Ntz - 14 | Nyt -4 | V42 -4 |V
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Raria I 1o o0 M with
1 1} Soerce kol | Wy =0 Vio2in ¥
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fim |2 L} e 1] o [} 118 di
= 100 [11] 132 13 51 (1] 139 di
w1800 1] 1% 120 5] (1] 132 dB
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Chepet Swing B =10kl
V=231V ss W Vet #y-12 | Np+nl -2 | Ve+1a #Wy-12 |V
[hver Tampear: Vrtl4 #Wp- 13 | Wyt LA =13 | Wyt lLd #Wy-13 | ¥
=t Vot V412 #Wy- 14 | Np+o2 - b | Vp+12 -4 |V
[hver Tempoanm: Vet b #Wy- 1% | Np+oe - | Vp+23 V-1 | ¥
Short Creont Ciean 3| | 41 +18 mh
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AD620
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|
] DS18B20
2 DALLAS M AXIM Programmable Resolution

1-Wire Digital Thermometer

bk ATl i (LR ]

FEATURES PIN CONFIGURATIONS

Unique 1-Wire® Interface Requires Only One
Part Pin for Communication

* Each Device has a Unigue §4-Bit Serial Code
Stored in an On-Board RIOM

v Multidrop Capability Smmplifies Distributed
Temperamire-5ensing Applications

* Pegures No External Compenents

v Zan Be Powered fom Diata Line; Powsr Supply

Bange is 3.0V ta 5.5V
= S0 (150 milks
v Measures Temperatures from -35°C to +125°C 1[;5[1333133
(-67°F ta +257°F)

» ) 5°C Accuracy from -10°C to +83°C
*  Themometer Becolution is User Selactable

from 9 to 12 Bits L L L
*  Converts Temperature to 12-Bit Digital Word in RE 8
750ms (Max) 2

*  User-Definahle Monvalatile (WV) Alarm

Sefimzs
o Alarm Search Command [dentifie: and

Addrezses Devices Whose Temperatare i3

[DS1EE20U)

Outside Programmed Limits ({Temperature BT
Alarm Cendition)

*  Available in §-Pin 50 (150 mils), 8-Pin uSOP, To-52
and 3-Pin TO-92 Packages {D518620)

»  Software Compatible with the D51822

v Applications Inchide Thermostatic Conirels,
Inchestrial Svstems, Consumer Products,
Thermometers, or Ay Thermally Sensifive
System

DESCRIPTION

The DE1EBX) dizital themmometer provides 9-bit to 12-bit Celsins temmperatrs measurements and has an
alarm fincton with noovelatils wser-programmable upper and lower mgger poinis. The DS1EBR2D
comnmuanicates over a 1-Wire bus that by defSnition requires only ooe dats line (amd ground) for
comnmnicztion with 3 central microprocessor. It has an operating temperature range of -55°C to +125°C
and 15 acomate to 20570 over the range of -10°C fo +25°C. In additon, the DS18B2) can desive powsr
directly from the data line (“parasite power™), eliminating the need for an extamal powes supply.

Each DS12B20 has 3 unique §4-bit serial code, which allows mulaple DS1EB s to fonction on the same
1-Wire tus, Thus, it is simple to use one microprocessor o conimel mamy DE1EE20: disoibwed over a
large area Applications that can benefit from this featwe inclnde HVAC environmental contols,

temperanmre monitoring systems inside buildings, equipment, or machinery, and process monitoring and
conmol systems.

1 [z a mpicered acemark of Madm inegraied Progudts, e
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DE1E620
ORDERING INFORMATION
PART TEMP EANGE FIN-FACKAGE TOF MARK

DS1E82D -55°C to +125°C 3T 1B
D518+ -55°C to +125°C 3 T2 18E20
DS18BINTAR -55°C to +125°C 3 TO-02 (2000 Piece) 18B20
DS18R2H-TER -55°C 10 +125°C 3 TO-92 (2000 Fiece) 13B20
DS18B2{)-5L T&R. -55°C to +125°C 3 TO-92 (2000 Pieca)® 18B20
DS18B2-51+T&E. -55°C 10 +125°C 3 TO-07 (2000 Pieca)® 13B20
DS18B0U -35°C o +125°C £ usSOP 18B20
DS18B20U+ -55°C 10 +125°C B psSOP 18E20
DS1EBIUITER -35°C o +125°C 8 uSOP 3000 Piece) 18B20
DS18BMT+TER -55°C 10 +125°C B pSOP 3000 Piece) 18E20
DS18B20Z -55°C to +125°C 850 DE1EBI0
DS18B30E+ -55°C 10 +125°C 50 D518B0
DS1EBZTER -55°C o +125°C & 30 (2500 Piece) D51EBZ0
DS18BME+TER -55°C 10 +125°C B 50 (2500 Piece) DE1EE20

=Denofes 3 fepg-free cackage. A &= wil anpear on e fop madk of i=ad-fee packages.

TER = Tape ang resl,

TOHIZ packages i pe and mes can be oreed wlh Shaight o fommed kead’s. Choose 5207 i saiohf eads. Sulk TOS2 oroers o simighe
lmad’s ony.

PIN DESCRIPTION
FIN
NAME FUNCTION
S50 uSOP | TO-92
12,8 | 2,3,5, . -
- L —_ H.C o Connection
7.8 8,7
- - - Optional Vg, Vip mmst be grounded for operation in
3 3 3 Vi -
parasite power mode.
Diata Input/ Cratput. Open-drain 1-Wire interface pin. Also
4 1 2 DQ provides power to the device when used in parssite powes
maode (see the Powerimg the DSI15E20 secdon)
5 4 1 GND | Ground
OVERVIEW

Fizmre 1 shows a block dizpram of the D518B20, and pin descriptions are given in the Pie Descripiion
tahle. The 64-bit BOB stores the device’s unique serial code. The scratchpad memory contains the 2-byie
temperanire Tegisier that stoses the digital owiput from the emperamre sensor. In addidon, the scraichpad
provides access to the I-byte upper and lower alarm migger registers (Tp and Tp) and the 1-byie
confisuration remster. The confisurstion register allows the uwser to set the resolution of the termpersture-
to~digital comversion to @, 10, 11, or 12 bits. The Ty, T;, and confiruraton registers are nomvelzdle
(EEPROM), =0 they will retzin dats when the device is powered down

The DS18E20 nses Mawm's exclusive 1-Wire bus profocel that mplements bus conmunication using
one contral siznsl The conmol line requites 8 weak pullho resistor since all devices are linked to the bus
viz @ 3-state or open~drain port (e DO pn in the case of the DS1EB20). In this us system the
microprocessor (the master device) identifies and sddresses devices on the os using each device’s wmique
f4-bit code. Bacmse each device has 3 undgue code, the mumber of devices that can be addressed oo one
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DELER2D

b is virmally umlimited The 1-Wire tus protocol, inchoding detsiled explanations of the commands and
“fime sbots.” is coverad in the [-Wine Bus System section,

Angther feanme of the DS18B20 is the ability to operzte withowt an external power supply. Power iz
instead supplied through the 1-Wire pulbap resister via the D) pin when the bus is high. The hizh bus
sigmal also charges an intemnal capacitor (Cre), which then supplies power to the device when the s i3
low. This method of deriving power from the I-Wire bus is referred to as “parsite power.” As an
alternative, the DS18BE20 may also be powesed by an external supply on Vi,

Figure 1. D518B20 Block Diagram

Weu
aTx uu;;ﬁmu — uvaﬁ::ncmnm. DS" HBE{]
n + =
Do *
q_| TEMPERATURE SENSOR |
INTERMAL Va s o ALARM HIGH TRIGGER (T
GMD J—._-__ g H:‘HEHT SCHATCHPAD *-'II TR o
T;-'_ ALARH LD TESGSER [T,
“'l HEGE TER [EEPROM|
p— COMPIGURATION REGETER
Voo W L g
-q-p-l BBIT CRC GENERATOR |

OPERATION—MEASURING TEMPERATURE

The core Smctionality of the DS 1EB20 is its direct-to-digital temperanme sensor. The mesolution of te
temperanmre sensor is wer-configurable to @, 10, 11, or 12 bits, comesponding to morements of 0.5°C,
0.25°C, 0.125°C, and 0.0625%C, mespectively. The default resolution af power-up is 12-bit. The DS1EB20
powears up in & low-power idle state. To mittate a temperature measurement and A-to-D conversion, the
master nmast tzame a Comvert T [44h] comumand . Following the conversion, the resulting thermal data iz
stored i the 2-byte temperature register in the scratchpad memory and the DS1EB2) retams to its idle
state, If the DS18B20 1= powered by an external supply, the master can issue “Tead dme slots™ (see the
1-Wirg Bus Syzrem saction) after the Coovert T command and the DS 18B20 will respond by transmitting
0 while the temperanire comversion 15 in progress and 1 when the conversion is done. If the DS1EB20 iz
poweared with parasite power, this nofification technique cannot be used since the bus must be pulled high
by a simong pullup during the entire temperature cooversion. The bus requirements for parasite power are
axplained in detzil in the Powerimg the D515EN section.

The DE13B20 output temperanure data is calibrated in degress Calsins; for Fahrenheit applications, a
lookup table or conversion roufine nmst be nsed. The temperanme data is stored as 3 16-bit sizn-extended
two's complement nmnber in the temperatre register (see Fizars ). The simn bits (5) ndicate if the
temperamre is positive or negative: for posifive numbers 5 = 0 and for negative mmmbers 5 = 1. If the
D518B20 is confizared for 12-bit resoluton, all bits in the temperatire register will contain valid data.
Faor 11-bit resolution, bit 0 is undefined. For 1{0-bit resolution, bits 1 and O are undefined, and fior 8-bit
resclution bits 2, 1, and O are undefined. Table 1 zives examples of digital oufput data and the

commesponding temperanmre reading for 12-bit resolution comversions.
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DE1EE210
Figure 2. Temperature Register Format
EITT BITE EITS BIT 4 BT 3 EITZ BIT 1 EITQ
LS BYTE 2 | 2 | 2 | 2 | 2 | £ | 2 |
BIT 15 BIT 14 BIT 13 BIT 12 BIT 11 BIT 10 BIT 5 EITE
M35 BYTE 5 5 5 5 5 F . 4

5= SIGN

Table 1. Temperature/Data Relationship

DIGITAL OUTFUT DIGITAL OUTFUT
TEMPERATURE {*C) (BINARY) =D
+125 0000 0111 1107 (000 07D0h
+E5* 000 0101 0107 (000 05500
+25.0625 0000 0001 1001 (001 0121k
+10.125 0000 B000 1010 (010 00ATh
H).5 (00 D000 D000 1000 O00Eh
0 (0K D000 D00 D0e00 0000
] 1111 1111 11117 10600 FFFEh
-10.125 1111 1111 3101 1110 FF5Eh
-25.0625 1111 11100112 1111 FESFh
=55 1111 1700 1007 {000 FCHh
"The power-on rese! value of e hamparature rpiser Is +087C.
OPERATION—ALARM SIGNALING

After the D5S12B20 performs a temperature cooversion, the temperatore valne is compared to the wser-
defined two's complement alarm mgger values stored in the 1-byte Ty and T registers (see Figure 3).
The sizn bit {5) indicates if the value is positive or negative: for positive munbers 5 = { and for negative
pumbers 5 = . The Ty and T, registers are noovolatile (EEPROM) so they will retain data when the
device is powered down. Ty and Ty can be accessed through bytes 2 and 3 of the scratchpad as explained
in the Memory saction

Figure 3. TH and TL Register Format

BT 7 BT EITS BIT 4 IT 3 BIT 2 BIT 1 EITD
Ls [ =z ] =[] =2 ]2 |2 | # |

Cmly bits 11 through 4 of the tenperanmre register are used in the Ty and Tp. comparizon since Ty and T;

are §-bit registers. I the measured temperanire is lower than or equal to T or kigher than o equal to Th,
an alarm condition exists and an slaom flag is et mside the DS18BM. This flag is updated after every
temperaiure messurement; therefore, if the alamm condition goes away, the flag will be mmed off afier the
naxt femperafuTe Conversion
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Order fhic doourmesnt

50 kPa

On-Chip Temperature
Compensated & Calibrated
Silicon Pressure Sensors

Thee MFXZDED sefes device Is a slicon plezoresisive pressure sensors providng a
Righiy accuraie and lire=ar voEap= output — direcily proportional fo B appled pressure.
The sensor ls & singls, manolthic siioon disphragm with the strain gauge and a thir—8im
resisior petwork inbegrated on—chip. The chip IS laser immed for precis= span and offsed
calbration amd Eemperatuns compensation.

Faaturas

& Temperature Compensaied Over 05 fo +55°C
& Unique Ellcon Shear Bress Eimin Gauge

& Exsyio Use Chip Carrier Fackage Opbons
« Ratometrc fo Supply Vollage

& Dfferential and Gauge Cpbons

& 30 25% Linesrity (MPXI0S0)

Application Examplas

& FumpiMotor Controlers

« Robobcs

& Lewel Indicators

& Medical Dagnostcs

& Presswre Switching

& MNom-invashe Blood Fressure Measurement

Figure 1 shows a block diagram of B intemal droultry cn the stand—alone pressure
sersor chip.

I
I
|
I
I
|
I
I
I
I
I
I
I
d

TE WP EIATURE | &
COMPE REATION | Ve

Mo +
CALEMAIH L™
CRCUhY I

I

Flgurs 1. Tempsraturs Compeancated Precsurs 3ensor Sohematio

VOLTAGE DUTPUT wercue APPLIED DIFFERENTIAL FREEEZURE

The= diferential voltage outpet of the sensor Is directly proporSonal io e difTersnitisl
pressure appled.

Thie puiput voEsge of the diferenbal or gauge s=nsor increases with IRcreasing
pressure applied o S pressure side (F1] relatve bo the vaogum side [FZ). 3imilary,
output vwoitage Inceases as increasing vacuum ks applisd b the vacuum skide (F2)
rejative o the pressure side (P1L

MPX2050
SERIES

¥ to B0 kPa (D to 7.26 pel)
40 mV FULL ECALE EPAN
[TYPICAL)

CASE 384F
FIN HUMSER
1 o 3 Vs
2 T I T

MITE: Pin 1 ks inoled by the: nolchiin
e lead.
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MPX X050 SERIES
MAXIMUM RATINGENOTE)
Rating Symbel Vaile Unit
Maximum Fressoe (R = F2) Fra 20
Siorage TampamLre T 40 I +125 'c
Cperaing Tempenie T 40 o +125 'c

NOTE: Exposurs beyond the specfied Imis may s permanent damage or degradation o the devics.

CPFERATING CHARACTERIETICE (v = 107dL, Ty = 25°C unless othersise noied, 1 > FZ)

Charaoterictio mmbol | Wn e Max Unit
Freczure Sange Fre 3] - @ iFa
Supply Woimge®) Vg - 0 18 s
Suppéy Current s - | - MmAGC
=4 Scaie Epant™ MPI05] Vrns £ a0 £15 L
= MFIZI50 Vg -1.0 - 1.0 m
Serstyty AViAP - 0.8 - mEPR
Lnearty™ MFIZ0S0 - 4= - 125 | e
Fmecrure yziemss/® (D b 50 kR - - 0.1 - YN
Temparaire Hymmress® (4G 1 +125°C) - - t05 - e
Temperaiure Eect on =l Scaie Span™ TC¥rgg | -1.0 - 1.0 YENpng
Temperaire Efect on Ofet Tl | -10 - 1.0 Y
nput Impedance Zn 1000 - 200 i
Cuigt Impecance F 1400 - =00 i
Fmsporze Times (10% o 308%) i - 10 - ms
- - - 0 - ms
ot Stabliy ™ - - 05 - YNl

MOTES
1. 1.0 kFa kioFascal) mquais 0,145 pal.
2. Device s raboreric wihin this speciied enciaion mnge. Operaling the deyice shove: e speciied exciabion mnge may iRduos addiional
mor due o deios sef-heating
3. Full 3coie Span (virss ) s defned a5 Be aigebmic diference between the output wiage af Tull mied pressures and B oulput voiage & he
il mum raled pressure.
. Ofent Vgl |5 chefinedd e the oulput voliage ol fhe mirieu risd pressune.
ACIUraCy (mor budget) consisis of the foilowing
w  Linearity Cuipurt deviation from a straight ine reéationshin With pressure, wsing =nd point method, over the speciisd
il g Jp. ye 3
»  Tempemlre Hysisesls: Culput deviation al any isrperaiure wihin Fe operaing ismperature ange, A he Emparaire i
Cycied bo and froem the minimam oF ma mum opsrating temperaiure ponks, with 2=m dfierental presure
appled
s |Pressure Hysiensis: Cuput devialion at amy pressure within T specified range, whien this pressue s cycied o and fom fe
rrinimum o e mum raked pressure, ol 2570

F =

»  ToSpan: Oufput deviation a full mbed pressure over the iemperaiune range of 0o B5°C, relathve o 2570
»  Tolfset Dufput deviation with, minimumn raked pressure applied, over e femperbue ange of O D 257G, makve
| gl

B. Fesponse Time ks defined as B Sme for the inmemenisl change In the outpul togo from 10% b 50 of s Tnal value when subjeced D
& speciiad siep change In preszure.
Ot siability ks e producs oulnut deviafion when subjscied o 1000 howrs of Fulsad Fressune, Temperature Cyding with Bias Test

=



LIMEARITY

Lin=arty refers b0 how well 3 ransducers cutput folows
e eguation: W, = g+ sensithity ¥ F over the operaiing
pressune rAnge. Thers ame o basic methods for caloulating
moninearty: (1) £nd point stralght line St (see Figune 20 or (2)
a least squares best line TE While a least squares T8 gives
e Dt case” Inanty emor (ower namencal value), the
calculafons required are burdensome.

Conrsersaly, an &nd point St will ghe the "worst cxse” emor
{often more desimble In emor bodget calculations) and the
calouafions are more siighforeand for T user. Molomla's
spiecified pressure sensor Inearfies are based on the end
poink straight Ine mefod measured at the midanpe pres-
SurE,
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STRAGHT LHE
DEWATION

FELAT NE WDLTAGE DUTPUT

L]
FRESELIREN FIMLACALE,

Figura 2. Linsartty &peoifoation Comparison

ON-CHIF TEMPERATURE COMPEMSATION and CALIBRATION

Flgure 3 shows the minkwam, masimam and typical output
charactensics of the MPX2050 series at 25°C. The output 15
direcily proporbonal io the differenial pressure and b essen-
Bally & siraight ine.

i | g 10 e =
g T =T A
[ P - P

gorom e
~ A = RANGE
5 @ R )
T2

i 'H,r;r N

§ E-—

M- Foe
o 125 5 s =
Pl i T 5 15

Figurs 5. Ouiput versuc Preceurs Differential

Flgure & Nlustrates the derential or gauge conmfiguralon
In the basic chip camier (Case 3£4). A slicone gl Isolsies
Wi die surface and wire bonds from the esnviromment, whils
alowing the pressure signal o be ransmitted o the sllicon
daphiragr.

Tre MFX2050 seres pressures sensor operating chamic-

The efeds of iemperyiure on Ful-Scale Bpan and Offset
are very smail and ane shown under Cperaing Charscisrs-
Bes.

Flgure 4. Crocs—3sotlonal Dlagram {not fo coale)

teristics and Int=mial rellabdiy amd qualficalion tests arm
based on uwse of dry ar as B pressure meda. Medla ofer
than dry alr may have adverse e®ecis on sensor perfor-
mance and long term relablity. Contact the factory for In-
formation regamding media compatiblly in your sppication.



