
JUDUL: 

UNJVERSJTI MALAYSIA PAHANG 

BORANG PENGESAHAN ST A TUS TESIS* 

MULTI-PATIENT MONITORlNG SYSTEM USING A 
RELIABLE WIRELESS SENSOR PROTOCOL 

SESI PENGAJV\N: 2009/2010 

Say a KOH K£M HO ( 861021-02-5659) 
(HU RUF BESAR) 

mcngaku membcnarkan lesis (Sarjana Muda/Sal'ja1111 /Dekler Falsafuh)* ini disimpan di 
Pcrpnstakaan dcngan syarnt-syaral kegunaan seperti bcrikut: 

I. Tcsis adalah hakmilik Univcrsiti Malaysia Pahang (UMP). 
2. Perpustakaan dibenarkan membuat salinan untuk lnjnan pengajian sahaja. 
3. Perpustakaau dibenarkan membual salinau tesis ini sebagai bahan pertukaran antara institusi 

pcng<Uian linggL 
-t. **Sila tandakan ( '1 ) 

SULIT 

[ TE RH AD 

(Mengandungi maklmnat yang bcrdarjah keselamatan 
atau kepentingan Malaysia seperti yang tennaktub 
di dalam AKTA Kl\HSIA RAS;\.U 1972) 

(Mcngandm1gi maklmuat TERHAD yang telah ditcntukan 
oleh organisasi/badan di mana pcnyelidikan dijalankan) 

( ..J l TIDAK TERHAD 
~--~ 

Disahkan o!eh: 

(TA:'.'lD:\'.fA:"-/(f,-\N PENliLIS) (T:\."JJ).ATA.'<i"CJA~ PEN1.E1J. \) 

Alamal Tetap: 

LOT 1256-F, JALAN BESAR PAKA, 
23100 PAKA, DUNGUN, 
TERENGGANU 

NIK MOHD KAMIL BlN NIK YUSOFF 
( Nama Pcn;clia) 

Tarikh: 19 NOVEMBER 2009 Tarikh: : 19 NOVEMBER 2009 

CATA TAN: * 
** 

• 

Potong yang tidak berkenaan. 
Jika tesis ini SULIT atau TERHAD, sila lampirkan surat daripada pihak 
berkuasa/organisasi berkenaan dengan menyatakan sekali tempoh tcsis ini perlu 
dikclaskan sebagai atau TERHAD. 
Tcsis dimaksudkan scbagai tesis bagi Ij<wlh doktor Falsafah dan Sarjana secarn 
Pcnyelidikan, atau disertasi bagi pengaJian seeara kerja kursus dan 
penyclidikau. atau Laporan Projek Sarjana Muda CPSM). 



MULTI-PATIENT MONITORING SYSTEM USING A RELIABLE WIRELESS 

SENSOR PROTOCOL 

KOH KIM HO 

This thesis is submitted as partial fulfillment of the requirements for the award of the 

Bachelor of Electrical Engineering (Hons.) (Electronics) 

Faculty of Electrical & Electronics Engineering 

Universiti Malaysia Pahang 

NOVEMBER, 2009 



ll 

"I hereby acknowledge that the scope and quality of this thesis is qualified for the award 

of the Bachelor Degree of Electrical Engineering (Electronics)" 

Signature 

Name : NIK MOHD KAMIL BIN NIK YUSOFF 

Date : 19 NOVEMBER 2009 



"All the trademark and copyrights use herein are property of their respective owner. 

References of information fi-om other sources are quoted accordingly; otherwise the 

information presented in this report is solely work of the author." 

Signature 

Author : KOH KIM HO 

Date : 19 NOVEMBER 2009 

Ill 



IV 

To my beloved parent, sister and brother 



v 

ACKl'\IOWLEDGEIWENT 

Foremost, I would like to express my deep and sincere gratitude to my supervisor 

Mr. Nik Mohd Kami! bin Nik Yusoff for the continuous support, encouragement and 

advise me from the beginning until the completion. His immense knowledge, 

understanding and guidance help me in all the time of complete this project and writing 

this thesis. 

Next, I would like to say thanks to all the lecturers and laboratory instructors that 

help and guide me direct or indirectly over the progress of completing this project. 

Besides, thanks to my entire friends that helping me went through difficult time. 

The experience and knowledge l learn from them will help me facing the future 

challenge. 

Last but not least, I would like to thank my family especially my parent. Thank 

for supporting me along the journey of studies in University Malaysia Pahang 



\ii 

ABSTRACT 

Patient monitoring system is a monitoring system for providing continuous 

health monitoring of a patient_ The aim is to collect and store important parameters of 

patient during critical period_ In addition, it also helps to improve patient care and make 

early detection of medical emergencies. Previous monitoring systems are using wired 

system which can be seen right next to the patient Now with wireless, nurses can 

monitor patients in distance. Next, too much of wire will easily cause accident. fn 

addition, patient movements will also be limited. Therefore, wireless eliminates 

unsightly cables and patients can freely move around. Besides, wired system will cause 

the transmission delay problem. But, with wireless technology, the delay problem will 

be reduced. 



Vil 

ABSTRAK 

Sistem pemantau pesakit merupakan satu sistem yang dapat menantau kesihatan 

pasakit secara berterusan. Tujuannya adalah untuk mengutip dan menyimpan parameter 

yang penting dari pesakit pada tempoh genting. Selain itu, sistem ini membantu untuk 

meningkatkan kebajikan pesakit dan membuat pengesanan awal terhadap kecemasan 

perubatan. Sistem pemantau terdahulu menggunakan sistem pendawaian yang hanya 

dapat dipantau bersebelahan dengan pesakit sahaja. Dengan mempunyai teknologi 

wireless, jururawat dapat memantau pesakit pada jarak jauh. Seterusnya, kemalangan 

senang berlaku jika terdapat kabel yang banyak. Tambahan lagi, pergerakan pesakit juga 

terhad. Oleh sebab itu, wireless mengingkirkan dawai supaya pesakit boleh bergerak 

sesuka hati. Selain itu, sistem kabel mengakibatkan masalah penangguhan penghantaran 

data. Akan tetapi, teknologi wireless dapat menguragkan masalah ini. 
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CHAPTER 1 

INTRODUCTION 

1.1 Introduction 

Multi Patient Monitoring System is a wireless based biomedical monitoring 

system. Wireless technology is now widely used in communication area to facilitate 

information transfer and exchange. This wireless technology is applied in Multi 

Patient Monitoring System in order to eliminate the use of cables, which provide 

enormous for patients. Multi Patient l\1onitoring System can be applied in a variety 

of health care scenarios such as paramedic, diagnostic, surgical, and post-operative 

phases. 

In order to that, a sensor is required to acquire medical parameter from 

patient. Recently, biomedical sensors are introduced in digital world. Digital sensor 

has advantages over analog sensor such as greater accuracy and resolution. In 

addition, the digital sensor requires minimum reading time compared to its 

compatriot Moreover, digital signal has greater noise immunity. In fact, the chance 

for data loss and data error will be greatly reduced. Nowadays, biomedical sensors 

are increasingly used in monitor biological parameters for patient and detect 

abnormal biological changes. 
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But the system needs a brain for signal processmg. Hence, a reliable 

microcontroller is implemented in this project Embedded controller technology has 

continuously improved in functionality, perfom1ance and power consumption. 

Microcontroller is now integrated with some extra component to increase the 

functionality and execute at high frequency to improve the system performance. The 

power consumption are greatly reduced in order to increase the time of operation 

when operate with battery. 

Besides, sophisticated software for user interface is important. Graphical User 

Interface (GUI) is a type of user interface application that allows people easily to 

interact without typing complex command. GUI provides graphical icons and visual 

indicators for the users easier to learn and use. In addition, GUI has the capability of 

multitasking which can perform several tasks simultaneously. This advantage, 

undoubtedly increase the efficiency of the monitoring system tremendously. 
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1.2 Project Objective and Scope 

The objective of this project is to develop a Multi-Patient Monitoring System. 

This system capable of monitoring several parameters of each patient and send these 

data to central unit so that these parameters can be displayed and stored on the main 

station. These parameters are c-0ntinuous monitored and updated in defined function 

or interval set by the system. 

In order to provide a simple, high performance and stand alone system, 

wireless technology is explored in the design and allows patients to move freely 

without any cable attach to his body. This obviously offers versatility and flexibility 

to the system 

In order to achieve the project objective, the scope of project are summarise 

as follow: 

• Microcontroller system to control the operation of control centre and patient 

remotes 

• Radio frequency transceiver system to transmit and receive data using radio 

wave 

• Sensory module to acquire medical parameter from patient 

• GUI to display and update the status of patient continuously 
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1.3 Thesis outline 

The thesis is orderly organized into 6 chapters and they are outlined as below: 

Chapter I introduces various technologies that invent recently. It also outlines 

objective and scope of this project 

Chapter 2 describes the architecture and basic operation of the project. It 

gives a brief review of microcontroller system board architecture, wireless 

communication module, sensor module and serial communication module. 

Chapter 3 provides description and discussion on the design of the hardware 

of each module in the systems. The module consists of microcontroller board, sensor, 

encoder and decoder, transceiver and serial communication. 

Chapter 4 indicates the development of the software of each module and 

system operation as well as GUI development This chapter also includes the 

flowchart of each module. 

Chapter 5 presents various testing and results that are conducted to each 

module. This chapter also includes the complete circuit diagram and programming. 

Lastly, Chapter 6 summarise the overall conclusion for this thesis and a few 

suggestion and recommendation for future development 



CHAPTER2 

SYSTEM ARCHITECTURE AND OPERATION 

2.1 Introduction 

A basic block diagram of Multi-Patient Monitoring system is shown in Figure 

2. l where temperature of both patients is monitored at control centre. Medical 

temperature sensor is implemented in both patient modules. The sensors read current 

body temperature of each patient and display on PC using Gl.iL The temperature 

reading will be updated every minute and logged into database. 
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Figure 2.1: Block Diagram of Remote Multi-Patient Monitoring System 
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2.2 Microcontroller System Board Module 

Microcontroller is the brain of the system. Microcontroller MC68HC I I A 1 is 

chosen to implement in this project due to its high performance, high speed, low 

power consumption, various function and features. Furthermore, MC68HCI lAI is 

operating in bootstrap mode because it does not require extra input and output ports. 

Bootstrap mode allows the programs to be loaded into internal EEPROM. The block 

diagram of system board as shown in Figure 2.2 consists of power circuit, reset 

circuit, clock circuit and EIA232 module. Power circuit is needed to provide constant 

and stable SY DC voltage to the system while reset circuit is used to initialize the 

microcontroller process into its normal operation. Clock circuit is required to supply 

constant 2 MHz clock speed. EIA232 module is important to communicate serially 

between microcontroller and computer. 

1 
Reset Circuit I I Clock Circuit 

I 

I 
MC68HC11A1 

I Power Circuit 
I 

I EIA232 

Module 

Figure 2.2: Block Diagram ofMicrocontroller Board Module 
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2.3 Sensor Module 

TSic 301 as indicated in Figure 2.3 is used in this project to read the body 

temperature of patient It is an integrated circuit sensor that can be used to measure 

temperature with an electrical output which is proportional to the temperature in 

degree Celsius. The output of this sensor is measured in analog voltage. The output 

of TSic 30 I is then amplified by scale of 5 and connected to the internal ADC of 

microcontroller. 

I 
MC68HC11Al l TSic 301 

Figure 2.3: Block Diagram of Sensor Module 
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2.4 Wireless Communication Module 

A basic block diagram of wireless communication module is shown in Figure 

2.4. The transceivers that operate at 433 MHz is chosen as the medium of 

transferring data. Transceiver transfer data using Amplitude Shift Keying (ASK) 

modulation technique. 

Data encoder read parallel data from microcontroller and manipulates it into 

serial format before transmits using transceiver. At the other side, the data decoder 

will receive the signal from transceiver. Data decoder then decodes the serial data 

and regenerates the original data in the parallel form. 

Patient Remote / Control Centre 

I Transceiver I I I Transceiver ~ 
' • 

• 
8-bit Data 4-bit Data 4-bit Data 8-bit Data 

Fnc:orlPr f)pr:orlPr FnrodPr 0Pc:ndPr 

Figure 2.4: Block Diagram ofWireless Communication Module 
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2.4.1 Encoder and Decoder Module 

Data encoder is used to change a parallel data into serial data. The data may 

serve any of a number of purposes such as compressing information for transmission 

or storage, encrypting or adding redundancies to the input code, or translating from 

one code to another. Data encoder that implemented in this project is HT640 and 

HT12E. HT640 is capable to encode 18 bits of information which consists of 10 

address bits and 8 data bits. While HT12E is capable to encode 12 bits of information 

which consists of 8 address bits and 4 data bits. The application flexibility of this 

encoder is enhanced by the capability to select a TE trigger type. 

Data decoder is a device which does the reverse of encoder. It is undoing the 

encoding to reproduce information. HT648 and HT l 2D are chosen as the data 

decoder in this project. HT648 is paired with the HT640 encoder. This decoder is 

capable of decoding 18 bits of information that consists of l 0 bits of address and 8 

bits of data. HT12E is paired with the HT12E encoder. This decoder is capable of 

decoding 12 bits of information that consists of 8 bits of address and 4 bits of data. 

Decoder receives serial data from that series of encoder and compares the serial input 

data twice continuously with its local address. The input data codes are decoded and 

transferred to output pins if no errors codes are encountered. At the same time, valid 

transmission (VT) is trigger high. 
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2.4.2 Transceiver Module 

Transceiver is an electronic device which has the function of transmit and 

receive data. Transceiver propagates an electromagnetic signal with the aid of an 

antenna. Transceiver modulates the incoming signal information onto carrier 

frequency before it is transmitted. On other hand, transceiver demodulates the 

incoming signal information together with carrier frequency at receiver end. 

Transceiver used in this project is known as RTX MID SV rt is able to transmit 

analogue or digital data over 200 metres. It is chosen because of its small size and the 

capability to transmit in high data rates. This type of transceiver is operated in 

frequency of 433MHz. 
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2.5 Serial Communication Module 

There are several ways to communicate with PC such as using parallel port, 

serial port or Universal Serial Bus (USB). For this system, serial port is chosen to 

communicate with computer. In order to communicate via serial port, EIA232 

module is required. EIA232 module is a standard protocol for transferring data via 

serial communication. 

MC68HC11Al ' I EIA232 I Computer 

Module 

Figure 2.5: Block Diagram of Serial Communication Module 



CHAPTER 3 

HARDWARE DESIGN 

3. t Introduction 

The hardware design consists of microcontroller board module, wireless 

communication module, encoder and decoder module, sensor module, and serial 

communication. The system board is designed to operate in Bootstrap Mode due to 

size and cost. 



14 

3.2 Microcontroller System Board Module 

The microcontroller MC68HC 11A1 is operating in Bootstrap mode. Hence, 

both MODA and MODB pins are grounded as shown in Figure 3.1. Microcontroller 

Board Module consists of power circuit, reset circuit, clock circuit, and EIA232 

module. They are very important to support the basic operation of microcontroller. 
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PD2 ·-45··---
PD-3 _ 46---c 

PD4 _ 47 __ 
PD5 -

~:~] 
;li2. ·~J 

RfW 28 S 

~6~B~H~C-11~A-1----~ 

Figure 3.1: Microcontroller System Board Circuit 



15 

3.2.1 Power Circuit 

A regulator is needed to provide a constant and stable 5V DC. Electronic 

devices are sensitive to the supply voltage especially microcontroller. Any unstable 

voltage supply can easily cause damage the electronics component. In this project, 

voltage regulator LM7805 is used to regulate 5V DC voltage. Figure 3.2 shows the 

schematic diagram for power circuit. 

Voltage regulator 

Vin>6V-+--..,- 'i 1N ~ wTt--1 "-2 --+----i.----+ Vee= 5V 

-r- LM7305 j 
1u ""!'1u T1oou 

J 

Figure 3.2: Power Circuit 
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3.2.2 Clock Circuit 

Crystal oscillator provide stable and constant clock signal at high frequency. 

ln this project, an 8 MHz crystal is used to produce 2 MHz output clock cycle. The 

clock circuit is connected to the pin XT AL and EXT AL at the microcontroller. 

Fib7l!fe 3 .3 shows the schematic diagram of clock circuit. 

Figure 3.3 Clock Circuit 
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3.2.3 Reset Circuit 

Reset circuit is used to reset the microcontroller process. The reset process 

occur by simply pressing the push button and this will causes the signal to be pulled 

low, thus forcing a reset on microcontroller. For microcontroller 6811, the reset 

operation must be longer than 6 clock cycle (cc) so that the system can distinguish 

from internal reset. Hence, the value of resistor and capacitor must be chosen 

properly so that the reset circuit can produce output greater than 6cc. The reset circuit 

is shown in Figure 3 .4. 

Figure 3.4: Reset Circuit 
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3.2.4 EIA 232 Module 

MAX233 is connected to system to allow the microcontroller to communicate 

with computer through serial port. MAX233 is used to connect between computer 

and microcontroller to load program into EEPROM of microcontroller. Figure 3.5 

shows the schematic diagram ofEIA232 module. 

089 
interface 

MC68HC11A1 
P01/TxD 
PO:J/RxD 

Pin 3 {Rx\ :-- ~.>-------'==:_--~ 
Pin 2 ('.x)' ~--·- >-------

:=s==~i 
5 

___ ?_ P!;i 5 (GNDL_ 7 
8 ·--·-g-

-=1Y.=-

vCC 

MAX233 
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T11N R21N 
R10L;T T20UT 
R11N V-
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vcc V+ 
Ci+ C1· 
GND V-
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lAAX233 

Figure 3.5: EJA232 Circuit 
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3.3 Sensor JWodule 

TSic 30 l plays an important role for temperature measuring in this project. 

The output voltage of TSic 30 l is linearly proportional to the Celsius (Centigrade) 

temperature. TSic 30 I provides typical accuracies of± 0.3°C at room temperature 

and having resolution of 0.1°C. In this project, TSic 30! senses current body 

temperature of patient and send the analog information to microcontroller through 

port E. Analog to digital converter (ADC) in port E will converts the analog signal 

into digital signal. Figure 3 .6 indicates the schematic diagram of temperature sensor 

circuit. 

Temperature vcc 
T 

sensor +vs _J~_J 
VOUT +----c:=~:r PED MC68HC11A 1 

TS~G: ---1 
Figure 3.6: TSic 301 Circuit 
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3.4 Encoder and Decoder Module 

One of the disadvantages of using RF system is it exposed to all users that use 

the same frequency. In order to ensure only the intended receiver receives the signal, 

the encoder and decoder pair are used. In addition, the module is also used to convert 

the parallel signal to serial signal. 

3.4. l Encoder 

Various type of encoder is available in the market. However, HOL TEK 
product of HT640 and HT l2E are chosen due to cost, performance, power 
consumption and easy to use. 

3.4.1.1 Encoder HT640 

Encoder HT640 is able to operate in 2.4V to 12V voltage range. Encoder 

HT640 consumes low power and is applicable for remote control system 

applications. In this case, the programmable address or data are transmitted together 

with the header bits via an RF transmission medium upon receipt of a trigger signal 

on the TE line. \Vhen the transmission enable line (TE) is pulled high, the encoder 

begins a three-word transmission cycle. As long as the TE line is pulled high, this 

cycle will repeat itself The encoder output will completes its final cycle once TE 

falls low. The encoder scans and transmits the status of the 18 bits of address or data 

serially in the order AO and A9 as well as DO to 07 when a transmission enable 

signal is applied Figure 3. 7 represents the schematic diagram of encoder HT640 

circuit. 
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Figure 3. 7: Encoder HT640 Circuit 
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3.4.1.2 Encoder HT12E 

Encoder HT12E is able to operate in 2.4V to l2V voltage range. In this case, 

the programmable address or data are transmitted together with the header bits via 

an RF transmission medium upon receipt of a trigger signal on the TE line. When 

the TE is pulled low, the encoder begins a four-word transmission cycle. As long as 

the TE line is pulled low, this cycle will repeat itself. The encoder output will 

completes its final cycle once TE falls low. The encoder scans and transmits the 

status of the 12 bits of address or data serially in the order AO and A7 as well as DO 

to 03 when a transmission enable signal is applied Figure 3.8 represents the 

schematic diagram of encoder HT12E circuit. 

\/CC 

Encoder 
18 

3.f ________ ,~~=:-.Joata 1n Transceiver 
;~ - ~ ------i 
14 

.
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-------- ~-Pa3 
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_1Q ___ - ·--~-]PBC 

~-~ 

HT12E 

Figure 3.8: Encoder HT I 2E Circuit 
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3.4.2 Decoder 

Decoder like encoder, HOL TEK product is used in this case is HT648 and 
HT12D. 

3.4.2.1 Decoder HT648 

HT648 decoder is paired with HT640 encoder in this project Thus, it is 

capable to receive serial address and data from the encoder that are transmitted by a 

carrier using an RF transmission medium. Then, it compares the serial input data 

twice continuously with its local address. The input data codes are decoded if no 

errors or unmatched codes are encountered. Then, the data are transferred to the 

output pins. At the same time, VT pin goes high to indicates a valid transmission 

and vice versa. As HT640, the decoder is capable of decoding 18 bits of information 

that consists of l 0 bits of address and 8 bits of data For this project, the pins AO to 

A7 of decoder are connected to Vee and pms A8 to A9 are controlled by 

microcontroller to match the address from encoder Figure 3. 9 represents the 

schematic diagram of decoder circuit. 

vcc 
Decoder 

.,.. 
1 

01; VOO 2 
3 012 010 

·4 013 A9 
5 014 A8 

6 015 A7 
) 016 A6 

6 017 A5 
g VT A< vcc 

10 DrN A3 

~ 1 DSC2 "' DSC1 A1 

l~' 
vss AO 

H648 

Figure 3.9: Decoder HT648 Circuit 
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3.4.2.2 Decoder HTl2D 

HT12D decoder is paired with HT12E encoder in this project. HT12D 

received the incoming data and compares the serial input data twice continuously 

with its local address. The input data codes are decoded if no errors or unmatched 

codes are encountered. Then, the data are transferred to the output pins. At the same 

time, VT pin goes high to indicates a valid transmission and vice versa. As HTl 2E, 

the decoder is capable of decoding 12 bits of information that consists of 8 bits of 

address and 4 bits of data. For this project, pins AO to A3 of decoder are connected 

to V cc and pins A4 to A 7 of decoder are connected to GND to match the address 

from encoder. Figure 3.10 represents the schematic diagram of decoder circuit. 

Decoder 

vcc 
T 

:~ i ~~ vo~ i~-------<·-:___;sTRA MC68HC 11 
c ··- --- A2 OSC1 -l~:-·----51('/""---=i 

f
; ~; 0~','~ _1_4__ <:: _ _Joata out Transceiver 

-1 ;L g~~ g_-------::-~1~! MC68HC 11 

HT120 

Figure 3.10: Decoder HT12E Circuit 
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3.5 Transceiver Module 

In order to transmit a signal through radio wave, a pair of transceiver are 

used at both ends_ Transceiver R TX MID 5 V shown in Figure 3 .11 is capable to 

transmit and received analogue or digital data over 200 metres_ The features of this 

transceiver include small in size and high data rates. Pin I of transceiver is 

connected to antenna_ Pin 2 and pin 7 of transceiver are grounded. 5V is supplied to 

pin 10 of transceiver. Pin 4 can accept serial data from encoder and ready to 

transmit While, pin 9 lead the serial data that received to the decoder. The pin 5 is 

used to select transceiver to transmit or receive data. If pin 5 triggers high, 

transceiver will transmit the data and vice versa_ Pin 6 is used to enable and disable 

the action of transmit or receive data_ If pin 6 triggers high, the transceiver 1,vill 

perform transmit or receive action and vice versa. The antenna is located directly 

out the top of the system in order to reach the maximum transmission range. 

RTXMlD SV 

p~ 

Figure 3. I I: Transceiver Circuit 
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3.6 Serial Communication 1\-lodule 

In this project, microcontroller has to send data to computer and display the 

data on GUL Since serial communication is selected to communicate with computer, 

EIA232 module is required. EIA232 module is a standard protocol for data 

transferring via serial communication. MAX 233 is used to achieve the standard of 

EIA232. A basic circuit of MAX 233 is shown in Figure 3.5. MAX 233 is connected 

to pin TxD and RxD of microcontroller to enable data to be transmitted serially for a 

longer distance. 



CHAPTER 4 

SOFTWARE DEVELOPMENT 

4. t Introduction 

Two difference programming language is applied in this project which are 

assembly lanh>uage and high level language. Microcontroller MC68HC 11 is 

programmed using assembly language due to the efficiency of the system as limited 

internal memory is awardable to store the program. On other hand, high level 

language is applied in developing GUI due to the complexity of program flow for 

analysis and logging the data. 
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4.2 Assembly Language 

For microcontroller MC68HC 11 Al, the program is written m assembly 

language and is assembled by using AS l I assembler as shown in Fi!:,>ure 4 .1. The 

object code (S l 9 file) is generated from the assembler This object code is then 

downloaded into internal EEPROM of microcontroller via Serial Communication 

Port (COM! to COM4). Then, machine code is downloaded through this interface by 

using communication software, which is WPl I as shown in Figure 4.2. 

There are few steps that must be followed by user before the program can be 

downloaded into microcontroller Firstly, hardware must be initialized by clicking 

the 'Initialize Device' button. Then, the reset button is pressed on the hardware in 

order to terminate all the running system. This is followed by a simple clicking on 

'Erase EEPROM' button. Since, the EEPROM is empty and it is ready for 

downloading the program. Finally, the 'Program EEPROM' button is used to 

download program into microcontroller. When downloading process is completed, 

TxD and RxD lines must be shorted to ensure the proper operation of the system. 



Figure 4. t : AS 11 Assembler 

l:J x 

Device = MC68HC11A1/A8 Use Soclcet Ul .4/Ul 1 

Vpp should be Off 

Config Register 
Current Value = SOF I Edit I 

PC Buffer Operations 

~O Load From File 

Chip Operations 

Initialize Device 

Laaa Fram \.hip Communications Test 

Veri"• A~ainst Chip 
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Save 

Save As 

......., Erase EEPROM and Config Reg 

.,_ Program EEPROM SB600-SB7FF j 

Clear 

iJ Fill 

~ Edit 

Buffer Checlc Sum = Sl FEOO 

Figure 4.2: WPI 1 Communication Software 
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4.2.1 Patient Remote Software Development 

Once the system is powered up, patient body temperature is sensed by 

temperature sensor (TSic 30 l) The reading is then amplified by scale of 5 and sent 

to microcontroller for manipulation purpose. Temperature reading then is converted 

to digital form by using internal Analog-to-Digital Converter (ADC). These 

conversions cause the reading of temperature represented in 8-bit binary forms 

Then, the reading is encoded into serial data using encoder and transmit the data 

using transceiver. Figure 4.3 shows the simple flow chart to indicate the operation of 

both patient located distances away from central unit 
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START 

--* -
- -------- -, 

• I 
Measure patient body temperature I 

----_ - - + -~--~~ ---~~- -, 
Amplified signal by scale of 5 

' l. ________ _J 

Analog data changed to digital data 
i ----

J 
NO 

Finish convert? 

- ---- ------- ... ··- i~ES 
Waiting request from control centre 

-----·----·--·--

. R~quest for send? 
NO 

r·-· ------- ---

! Send data to control centre 
! 

Figure 4.3: Flow Chart of Patient Remote 
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4.2.2 Control Centre Software Development 

In control centre, microcontroller is initially requests data from sub system in 

patient remote 1. After received the data from sub system, the data are and examined 

to ensure they are free of error. Once the data are identified, the data are decoded by 

decoder. Then, similar process is repeated to the other patient remote 2 sub system. 

After both data are successfully received, the data are manipulated and send to 

computer via serial communication. Figure 4.5 is a simple flow chart indicates the 

operation of control room. 
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START 

Request patient remote I to send data 

--,_ 

Receive data from NO 
-------' 

. patient remote l? .. · 

Request patient remote 2 to send data 

i 
'Receive data from NO 

-------' 
patient remote 2? 

[YES 

- ----- --------' --- -------

Data is manipulated by microcontroller 

Send data to computer 

Figure 4.4: Flow Chart of Control Centre 
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4.3 High Level Language 

High level programming language is a user friendly programming language. 

This language is easy to learn because the programming statement is similar with 

English statement. In fact, user can easily understand the programming language. 

4.3.1 GUI Software Development 

In this project, GUI is developed using Microsoft Visual Basic 6.0. The GUI 

consists of two pages which is Form l and Form 2. Form l will be shown when the 

program is launched as shmvn in Figure 4.5. Form I is used to select the COM port 

The program will automatically search the available COM port The flow chart of 

Form l is shown in Figure 4.6. 

'"' Welcome ~~~ 
Select a COM Port 

J-Avaiahle COM Port- iJ [ . ~n~ed :I 

Figure 4.5: Form l 



START 

Search for available 
COM port 

·-···---i-·-·-···--·-

L 

Finish search? 

l_ YES 

Show available 
COM port 

COM port· 
· - · .. selected? 

YES 

Show Form 2 

End 

"JO 

- - _i 

NO 

Figure 4.6: Flow Chart ofForml 
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After select the proper COM port, Form 2 \Viii pop up as shown in Figure 4.7. 

At this moment, the process of monitoring begins when the 'ST ART' button is 

clicked. The system reads the data !Tom microcontroller and converts it into actual 

temperature reading. This temperature reading is displayed and updated on text and 

graph. At the same time, the temperature reading is logged once every minute 

together with the date and time. All the reading will be logged into Microsoft Excel 

Application. A new Microsoft Excel file will be created every time the application is 

launched. In addition, the user is allowed to enter or change the patient name. The 

name of patient also will be stored. The flow chart of Form 2 is shown in Figure 4.8. 

• Retm1te Multi Patient Momtarmg System ~l~11(r 

____ J I' ST~~ I COM Pat Selected 

------ _J 

Patient 1 
: I I 
I . I . I : . . 

' \Jame r 
' . 
I I 
! ' 

' . I I 
Temperature I ' I 

I 

Patient 2 '"-----------------'° ' • • • • 
~ ~ 

n m 
ll ~ 

'Jame J~. ~-------

~ ~ 

~ ~ 

x ~ 

n ; n Temperature 
w ~ 

Time: Saturday. November 21. 2009 2:10:48 PM 

Figure 4. 7: Form 2 
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NO 

.. r 
STOP button 

click? 

End 

Figure 4.8: Flow Chart of Form 2 
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CHAPTER 5 

TESTING AND EVALUATING RESULT 

5. l Introduction 

Several testing have been performed during the development of this system_ 

The approach taken in executing the various tests is discussed in this chapter. 

In developing Remote Multi-Patient Monitoring System, various tests are 

conducted_ The tests are sensory module testing, wireless communication testing as 

well as serial communication testing. Finally, each module is integrated into a single 

system to produce a fully functioning Remote Multi-Patient Monitoring System 
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5.2 Microcontroller System Board Testing 

Microcontroller MC68HC l l A I system board is shown in Figure 5. l. A 

simple program as shown in Figure 5.2 is executed by microcontroller. As the result, 

a simple alternate light glowing is produced. This verifies that microcontroller 

system is functioning successfully. 

Clock circuit 

I 
1~ 

Reset circuit 

_,_ 
.-,----

1 <1_7u 

MC68HC11A1 
PA3 ~-2-------._-J 
PA4~J 
PAS ,_l_r:i 
PA6~· 
PA7~J 

PBO 
PB1 
PB2 
PB3 
PB4 
PBS 
PB6 
PB7 

16 
·,5 
14 
13 
12 
11 
10 
9 >-+~---""" ---""" 

LED 
... 1/,ll . 

Figure 5.1: Microcontroller System Board Testing Circuit 



Microcontroller System Board Testing Program 

REGS 

PORTB 

EQU 

EQU 

ORG 

LOX 

lDS 

$1000 
$4 

$0600 
#REGS 

#$FF 

*********MAIN PROGRAM FOR DANCING LIGHT**************** 

AGAIN 

LDAA 

STAA 

JSR 

COMA 

BRA 

#$FO 

PORTB,X 

DELAY 

AGAIN 

*********SUBROUTINE FOR DELAY**************************** 

DELAY LDY #$08FF 

LOOP LDAB #$FF 

LOOP2 DECB 
BNE LOOP2 

DEY 

BNE LOOP 

RTS 

END 

Figure 5.2: Microcontroller System Board Testing Program 
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5.3 Sensor 1\fodule Testing 

A simple manual test is performed on temperature sensor (TSic 30 I) based on 

datasheet as provide in Appendix D. Initially, output voltage ofTSic 301 is measured 

at room temperature by using digital multimeter. The output voltage of the 

temperature sensor is approximately 0.375V at 25°C. Then, the sensor is placed near 

a lit candle which is 60°C. There is a great increase in voltage to 0.55 Volts when 

measured by multimeter. This shows that output voltage of the sensor is linearly 

proportional to the Celsius temperature. 

The output of TSic 301 is analog voltage. Hence, the voltage must be 

converted to digital form in order to manipulate by microcontroller. One of the 

features of MC68HC1 lAl is internal ADC. The internal ADC in microcontroller 

will convert the analog voltage into 8-bit digital data. However the output voltage 

needs to be amplified by scale of 5 using an operational amplifier to optimize the 

resolution. 
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5.4 Wireless Communication Testing 

The wireless communication test is conducted in two stages. The first stage is 

transmission of data using the encoder and decoder via a wire as transmission 

medium. The second stage is replacing the wire with a FM transceiver. 

5.4.1 8-bit Data Encoder and Decoder Circuit Testing 

Both encoder HT640 and decoder HT648 are tested in pair as shown in 

Figure 5.3. Don• of encoder HT640 is directly connected to Din of decoder HT648 

using a wire. The inputs of encoder, DO to D7 are connected to push buttons whereas 

the addresses of encoder, AO to A9 are connected to ground. On other hand, DO to 

D7 of the decoder are connected to LED and the address of decoder, AO to A9 are 

connected to ground. Hence, the address of encoder and decoder are similar. When, 

TE is triggered high, the output of LED will represents the similar value of the input 

of encoder. If different addresses are applied, the output of the decoder would not 

update with the data sent by the encoder. In fact, the decoder will keep the previous 

data. These results verify the specification given by the manufacturer. 

vcc 

Encoder 

Figure 5.3: 8-bit Encoder and Decoder Circuit Testing 
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5.4.2 4-bit Data Encoder and Decoder Circuit Testing 

Both encoder HT12E and decoder HT12D are tested in pair as shown in 

Figure 5.4. Dout of encoder HT12E is directly connected to D;n of decoder HTl2D 

using a wire. The inputs of encoder, DO to D3 are connected to push buttons whereas 

the addresses of encoder, AO to A7 are connected to ground. On other hand, DO to 

D3 of the decoder are connected to LED and the address of decoder, AO to A 7 are 

connected to ground. Hence, the address of encoder and decoder are similar. When, 

TE is pulled low, the output of LED will represents the similar value of the input of 

encoder. If different addresses are applied, the output of the decoder would not 

update with the data sent by the encoder. In fact, the decoder will keep the previous 

data. These results verify the specification given by the manufacturer. 

vcc 
Encoder Decoder 

14 DIN 

Figure 5.4: 4-bit Encoder and Decoder Circuit Testing 
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5.4.3 Transceiver Testing 

A pair of transceiver is used to replace the wire as shown in Figure 5.5. The 

transceiver will act as a transmitter when the Tx!Rx pin triggers high. On other hand, 

the transceiver will act as a receiver when the Tx/ Rx pin pulls low. In order to 

transmit and receive data, the Enable pin must be triggered high. By now, the setting 

of transceiver is completed. The output LED represents the similar value of the input 

of encoder The antenna is added to amplify the transmission power in order to 

achieve longer transmission distance. 
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Figure 5.5: Transceiver Circuit Testing 
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5.5 Serial Communication Testing 

Circuit of EIA 232 module 1s designed in order to communicate with 

computer via serial communication. The circuit of EIA 232 module is shown in 

Figure 5.6. Few parameter need to be initialized before the data can send to 

computer. For this system the parameter settings are: 

• Baud rate of 9600 bps 

• Data bit is set to 8 bits 

• Stop bit is set to I bit 

• No parity bit selected 

For testing purpose, Hyper Terminal is chosen to communicate with 

microcontroller. A simple program for testing the serial communication module is 

shown in Figure 5. 7. The result display on Hyper Terminal is shown in Figure 5.8. 

MAX233 

-:::::::- vcc 

20 -~ 
R20UT 1g~'--_:: 

R21N · 1·ir· ~, 
T20UT 17 ---

V- ffi 
C2- >--1'-"5--
C2+ >-=--

V+ 14 r· 
C1 - 13 -C 

12 . 
V- 11 

C2+ 

Figure 5.6: Circuit ofEIA 232 Module 



Serial Communication Testing Program 

REGS EQU $1000 

PORTB EQU $4 
BAUD EQU $2B 

SCCRl EQU $2C 

SCCR2 EQU $2D 

SCSR EQU $2E 
SCDR EQU $2F 

ORG $B600 

LDX #REGS 

LDS #$FF 

*********INITIALIZE SCI************************************** 

CLR 

BSET 

LDAA 

STAA 

SCCRl,X 

SCCR2,X 

#$30 

BAUD,X 

$OC 
;Initialize SCI 

; Baud rate = 9600 bps 

*********SEND DATA TO COMPUTER*************************** 

LDAA #$67 ;ASCII ug" 

SEND BRCLR SCSR,X $80 SEND 

STAA SCDR,X 
BRA SEND 

END 

Figure 5.7: Serial Communication Testing Program 
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t kimho Hyperlcrm1naJ r:-·~~ 

lggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggg_ 

Al.ta det~ct 9600 8-1'4-1 

Figure 5.8: Result Display on Hyper Terminal 
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5.6 Integrated System Testing 

The hardware is set up based on the circuits as shown in Figure 5.9, Figure 

5 _ I 0 and Figure 5. 11. The data from each patient in remote location send to control 

centre through transceiver. This data are then transfer to computer via serial 

communication. The GUI is continuously display the temperature reading as shown 

in Figure 5. 12. Figure 5 .13 shows the data are stored according to the preset time 

interval. The complete program sho\\.11 in Appendix A is executed for 

microcontroller. The complete source code sho\\.11 in Appendix B is executed for 

GUL 
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Figure 5.9: Circuit of Control Centre 
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Figure 5.10: Circuit of Patient Remote 1 
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Figure 5.11: Circuit of Patient Remote 2 
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., Remote Multi P'at1en1 Monitenng System ~~I( 

COM Port Sale<;ted 
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Figure 5.12: GUI Main Form 
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Figure 5.13: Example of Data Base 
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CHAPTER6 

CONCLUSION AND RECOMMENDATION 

6. l Conclusion 

The project has accomplished the mam objective where the Multi-Patient 

Monitoring System is successfully developed. The project consists of three parts; two 

patients remote and one control centre. 

The patient remote module is capable to measure patient parameter and 

transfer this data wirelessly to control centre module. This data is then displayed at 

computer and stored according the interval set by the system. 
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6.2 Recommendation 

This project has successfully demonstrated a Multi-Patient Monitoring 

system. Future work on this project may include: 

• The system can acqmre more parameter on patient include blood 

pressure, heart beat, and others. 

• The system can perform more analysis on the data such as predict the 

future trend of state of illness or even predict the probability of 

pathology change. 

• Improve the transmission quality by introduce the ZigBee technology. 

This technology offer noise immune and long range coverage. 

• Integrate with GSM or GPS system to allow the status of parameter 

can be informed to related parties. 
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Complete Program for ~1ulti-Patient Monitoring System 
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Control Centre 

ORO $B600 

REGS EQU $1000 
PORTA EQU () 

PORTB EQU 4 
PORTC EQU 3 
PORTD EQU 8 
PORTE EQU IO 
PIOC EQU 2 
PORTCL EQU 5 
DDRC EQU 7 
DDRD EQU 9 
PACTL EQU $26 
BAUD EQU $2B 
SCCRI EQU $2C 
SCCR2 EQU $2D 
SCSR EQU $2E 
SCDR EQU $2F 

START2 LDS #$CO :Initialize Stack Pointer 
LDX #REGS 
CLR DDRC.X :Porte = Input 
BSET PACTLX $80 :PA 7 = Output 
CLR PORTRX 
BCLR PORTA.X $78 
CLR SCCRl.X :Initialize SCI 
BSET SCCR2.X $0C 
LDAA #$30 
STAA BAU DX :Baud rate = 9600 
JSR DELAY500 
BCLR PIOC.X $0I : Invert STRB 
JSR DELAY500 

*********Get Data From Patient Re1note I************* 
BCLR PORT AX $40 :Enable= False 
JSR DELAY500 
BSET PORT AX $20 :Select Tx 
BCLR PORTA.X $80 :Request RI 
JSR DELAY500 
BSET PORTA.X $40 :Enable=True 
LDY #$FFFF 
LDAB #$02 :Request RI lo send data 

AGAIN2 STAB PORTRX 
DEY 
BNE AGAIN2 
BCLR PORTA.X $40 :Enablc=Falsc 
JSR DELAY500 
BCLR PORTA.X $20 :Select Rx 
BCLR PORTA.X $I8 :Address of RI 
JSR DELAY500 
BSET PORTA.X $40 :Enable=Truc 
JSR DELAY500 
LDAB #$12 
CLRA 
BCLR PIOC.X $80 

NEXT2 DECB 
BEQ ERROR2 
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LDY #$FFFF 
SCAN2 DEY 

BEQ NEXT2 
BRCLR PJOC.X $80 SCAN2 
JSR DELAY500 
LDAA PORTCL,X 
JSR SEND2 
BCLR PORTA,X $40 :Enablc=Falsc 
JSR DELAY 
BRA START! 

ERROR2 LDAA #$00 
JSR SEND2 
BRA START! 

SEND2 PSHA 
LDAA #$01 
JSR DELAY500 

SCI BRCLR SCSRX $80 SCI 
STAA SCDRX 
PULA 
JSR DELAY500 

SC2 BRCLR SCSR,X $80 SC2 
STAA SCDR,X 
RTS 

*********Get Data From Patient Rc1notc 2************* 
START! BCLR PORT AX $40 :Enablc=False 

JSR DELAY500 
BSET PORTA.X $20 :Select Tx 
BSET PORTA.X $80 :Request R2 
JSR DELAY500 
BSET PORT AX $40 :Enable= True 
LDY #$fFFF 
LDAA #$04 :Request R2 lo send data 

AGAIN! STAA PORTB.X 
DEY 
BNE AGAINJ 
BCLR PORTA.X $40 :Enable= False 
JSR DELAY500 
BCLR PORTA,X $20 :Select R\ 
BSET PORTA,X $18 :Address of R2 
JSR DELAY500 
BSET PORTA.X $40 :Enable=True 
JSR DELAY500 
LDAA #$12 
CLRB 
BCLR PIOC.X $80 

NEXT! DECA 
BEQ ERRORJ 
LDY #$FFFF 

SCAN! DEY 
BEQ NEXT! 
BRCLR PJOC.X $80 SCANJ 
JSR DELAY500 
LDAB PORTCLX 
JSR SEND! 
BCLR PORTA.X $40 :Enablc=False 
JSR DELAY 
JMP START2 

ERROR! LDAB #$00 



JSR SEND! 
JMP STARTZ 

SEND! PSHB 
LDAB #$02 
JSR DELAY500 

SC3 BRCLR SCSR_X $80 
STAB SCDR_X 
PULB 
JSR DELAY500 

sci BRCLR SCSR.X $80 
STAB SCDR,X 
RTS 

*********Subroutine Of Delay************* 
DELAY500 PSHY 

LDY #$03FF 
LOOP! DEY 

BNE LOOP! 
PULY 
RTS 

DELAY PSHY 
PSHB 
LDAB #$20 

LOON LDY #$FFFF 
LOOP3 DEY 

BNE LOOP3 
DECB 
BNE LOOP4 
PULB 
PULY 
RTS 

END 
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SC3 

SC4 
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Patient Remote l 

ORG $B600 

REGS EQU $1000 
PORTA EQU 0 
PORTB EQlJ 4 
PORTC EQU 3 
PORTD EQU 8 
PORTE EQU JO 
PIOC EQU 2 
PORT CL EQU 5 
DDRC EQU 7 
DDRD EQU 9 
OPTION EQU $39 
ADCTL EQU $30 
ADRI EQU $31 
ADR2 EQU $32 
ADR3 EQU $33 
ADR4 EQU $34 

LDS #$CO :lnitialize Slack Pointer 
LDX #REGS 
LDAA #$FF 
STAA DDRD.X :PortD = Output 
CLR PORTD.X 

BSET OPTION,X$80 :Inibalize ADC 
BCLR OPTION,X$40 
JSR DELAY100 

START LDAA #$30 :SCAN= 1, MULT= I 
STAA ADCTL,X 
BCLR PORTD.X $02 ;Enable=False 

SCAN BRCLR ADCTLX $80 SCAN :Read CCF 
LDAA ADRLX 
JSR DELAY64 
BCLR PORTD,X $01 :Select R" 
BSET PORTD,X $02 :Enable= True 

AGAIN LDAB PORTCL,X 
SCAN2 BRCLR PIOC,X $80 SCAN2 

LDAB PORTCL,X 
ORAB #$FO 
CMPB #$Fl 
BNE AGAlN 

BCLR PORTD,X $02 :Enable=False 
BSET PORTD.X $01 :Select Tx 
BSET PORTD.X $02 :Enable=True 
JSR DELAY 
STAA PORTB.X :Send data to encoder 
JSR DELAY 
BCLR PORTD.X $02 :Enable= False 
BRA START 

DELA Y64 LDAB #26 
LOOPJ DECB 

BNE LOOP! 
RTS 
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DELAY LDY #$00FF 
LOOP2 DEY 

BNE LOOP2 
RTS 

DELAY JOO LDAB #$FF 
LOOPJ DECB 

BNE LOOPJ 
RTS 

END 
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Patient Remote 2 

ORG $B600 

REGS EQU $1000 
PORTA EQU 0 
PORTB EQU 4 
PORTC EQU 3 
PORTD EQU 8 
PORTE EQU IO 
PIOC EQU 2 
PORTCL EQU 5 
DDRC EQU 7 
DORO EQlJ 9 
OPTION EQU $39 
AOCTL EQU $30 
ADRI EQlJ $31 
AOR2 EQU $32 
ADR3 EQU $3.1 
ADR4 EQlJ $34 

LOS #$CO Jnitialize Stack Pointer 
LOX #REGS 
BCLR PORTA.X $28 

BSET OPTION.X$80 :Initialize ADC 
BCLR OPTION.X$40 
JSR DELAY JOO 

START LDAA #$30 :SCAN= I. MULT= I 
STAA ADCTLX 
BCLR PORTA.X $20 :Enable= False 

SCAN BRCLR AOCTLX $80 SCAN :ReadCCF 
LDAA ADRLX 
JSR DELAY64 
BCLR PORTA.X $08 :Select Rx 
BSET PORTA.X $20 :Enable= True 

AGAIN LOAB PORTCLX 
SCAN2 BRCLR PIOCX $80 SCAN2 

LDAB PORTCL,X 
ORAB #$FO 
CMPB #$F4 
BNE AGAIN 

BCLR PORTA.X $20 :Enable=False 
BSET PORTA.X $08 :Select Tx 
BSET PORTA.X $20 :Enable=True 
JSR DELAY 
STAA PORTB.X :Send data to encoder 
JSR DELAY 
BCLR PORTAX $20 :Enable= False 
BRA START 

DELAY64 LOAB #26 
LOOP! OECB 

BNE LOOP! 
RTS 

DELAY LOY #$000F 



LOOP2 DEY 
BNE 
RTS 

DELAY!OO 
LOOP3 DECB 

BNE 
RTS 

END 
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LDAB #$FF 

LOOP3 



APPENDIXB 

l\'licrosoft Visual Basic 6.0 

Source Code 



FORl\f 1 

Public PortNumber As Integer 

Function lsComPortAvailablc(ByVal PortNum As Integer) As Boolean 
Dim fnum As Integer 
On Error Resume Next 
fnum = FrceFi!c 
Open "COM" & CStr(PortNmn) For Binary Shared As #fnum 
If Err = () 111cn 

Close #fnum 
lsComPortAvailable =True 

Endlf 
End Ftmclion 

Private Sub Command I_ Click() 
If Combo l. Text= "-A ,·ailable COM Port-" Then 
MsgBox "Please Select a COM Port" 
Else 
PortNumbcr= Combo I.Text 
Form2.Show 
'Me.Hide 
Unload Form I 
Set Form 1 = Nothing 
End If 
End Sub 

Private Sub Form Load() 
Dim i As Integer 
For i = l To9 
If lsComPortAvailablc(i) TI1en 
Combo I. Add Item i 
End If 
Next 
End Sub 
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FORi"1 2 

Public PortNumbcr As Integer 
Public vStopLoop As Boolean 

Dim ExccJApp As Excel.Application 
Dim Excc!Workbook As Excel. Workbook 
Dim Excel Sheet As Excel. Worksheet 

Dim FileName As String 
Dim MyY car As String 
Dim MyMonlh As String 
Dim MyDay As String 
Dim MyHour As String 
Dim MyMinute As String 
Dim MyExtcnsion As Siring 
Dim MyFilcName As String 
Dim FileCheck As String 

Dim gdataA(l To IO. 2) As Variant 
Dim gdataB(l To 10. 2) As Variant 
Dim gdatal(I To 10, 2) As Variant 
Dim g As Integer 

Private Sub LoadData() 

Dini fnun1 As Integer 
Dim t"1 As String 
Dim i As Integer 

For i = O To I 
Texll(i).Tcxt = "" 

Next i 

' Open the configuration file 
On Error Go To NoFile 
fnum = FrceFile 
Open App.Path & "\config.dat" For Input As fnum 

' Get the text boxes 
Input #fmun. txt 
Textl(O).Text = t"1 
Input #fnum. txt 
Tcxtl(l).Tcxt = txt 

' Close the file 
Close fnmn 

:"JoFile: 

End Sub 

PriYale Sub SaveData() 

Dim fnum As Integer 
Dim txt As String 
Dim i As Integer 

' Open tile configuration file 
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On Error GoTo NoFilc 
fnum = FrecFile 
Open App.Path & "\config.dat" For Output As fimm 
' Save the text boxes 
Write #fnurn. Textl(O).Tcxt 
Write #fimm. Te>.il(l).Text 
' Close the file 
Close fnum 

NoFilc: 

End Sub 

PriYate Sub Command! Chck() 

YStopLoop = True 

' Open COM port 
lfMSComml.PortOpen =False Then 

MSConuu l. Port Open = True 
Else 
End If 

Command I.Enabled= False 
Command2.Enabled =True 
Command3.Enabled =True 
Command5.Enablcd =True 
Command6.Enablcd = False 
CommanM.Enablcd = False 
Command7.Enabled = False 
Frame I.Enabled= True 
Frame2.Enabled = True 
Textl(O).Enabled = False 
Textl(l).Enabled =False 
Texl3.Enabled =False 
Text4.Enabled =False 

Dim Data I As String 
Dim Data2 As String 
Dim Data3 As String 
Dim Data4 As String 
Dim Data5 As String 
Dim Data6 As String 
Dim Data? As String 
Dim Data8 As String 
Dim Row As Integer 

Row= 2 

Do 
Do 

Do 
DoE,·ents 

Loop Until MSComm l .lnBuffcrCount > 0 Or Second(Now) = 0 Or vStopLoop = False 

If Second(Now) = 0 Or vStopLoop = False Then 
Else 

If MSComm l .PortOpen = True TI1en 
Data?= MSComm I.Input 
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Da1a8 = Asc(Data7) 
Else 
End If 

Select Case Data8 

Case I 

Do 
DoEvents 

Loop Until MSComml.lnBulfcrCmml > 0 Or Sccond(Now) = 0 OrYStopLoop =False 

lf Second(Now) = O OrvStopLoop =False Then 
Else 

lfMSComml.PortOpcn =True Tl1en 
Dalal= MSCommLlnpul 
Data2 = Asc(Data I) 

If Data2 = "O'' Or Data2 = '' l 11 Or Data2 = 11 2 11 Then 
Data3 = TextJ.Tcxt 

Else 
Data3 = (Data2 * 200 / 256) - 50 'TSic 301 

End If 

Else 
End If 

Data3 = Fonnat(Data3. "#(J.O") 
TcxO.Tcxl = Data3 

'Plot graph 
For g= I To 9 

gdalaA(g. 2) = gdataA(g + l. 2) 
Ncxtg 
gdataA(IO. 2) = Tcx!J.Tex! 
MSC hart 1. ChartData = gdataA 

End If 

Case 2 

Do 
DoEvcnts 

Loop Until MSComm LlnBuffcrCount > 0 Or Second(Now) = O On·StopLoop = False 

If Second(Now) = O Or vS!opLoop =False Then 
Else 

If MSComrn l .PortOpcn =True Then 
Data.f = MSComrn I.Input 
Dala5 = Asc(Data.f i 

lf Data5 = "O" Or Data5 = "1 ''Or Data5 = "2" Then 
Da!a6 =Text+. Text 

Else 
Data6 = (Data5 * 200 I 256) - 50 'TSic 30 l 

End If 

Else 
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Endlf 

Data6 = Fonnal(Data6. "#IUl") 
Tcx14.Text = Dala6 

'Plot graph 
Forg= 1 To9 

gdataB(g. 2) = gdataB(g + 1. 2) 
Next g 
gdataB( 10. 2) = Text4.Tcxt 
MSChart2.CliartDala = gdataB 

End If 

Case Else 
End Select 

End If 

Loop Until Second( Now)= O Or vStopLoop =False 

' logged data into Microsoft Excel 
ExcclSheet.Cells(Row. I)= Fonnat(Datc. "Long Date") & " " & Fonnat(Timc(), "Long Time") 
Excc!Shcet.Cells(Row. 2) = Text3.TC:\i 
Excc!Sheet.Cells(Row. 3) = Text4.Text 

Row= Row+ 1 

Do 
DoEwnts 

Loop Until Second( Now)> 0 Or vStopLoop = False 

Loop Until \SlopLoop =False 

End Sub 

PriYate Sub Cornmand2 ~Click() 

vStopLoop = False 

' Close COM port 
If MSCornml .PortOpen =True Then 

MSComm I .PortOpen = False 
Else 
End If 

Frame I .Enabled= False 
Frame2-Enabled = False 
Command2.Enabled = False 
Command I.Enabled= True 
Command7.Enabled =True 
Command3.Enabled ·=True 
Command5.Enabled =True 
Command4.Enabled =False 
Command6.Enablcd = False 

' Save the data for next time 
SaveData 

End Sub 
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Private Sub Command3 _Click() 

Command'l.Enabled =False 
Command-I.Enabled= True 
Textl(O).Enabled =True 

End Sub 

Private Sub Command.+_ Click() 

Command1 .Enabled= Tmc 
Command4.Enabled = False 
Tcxtl(O).Enabled =False 

' Save the data for next time. 
SavcData 

End Sub 

Private Sub Couunaud5 Chck() 

Command5.Enabled =False 
Command6.Enabled = Tme 
Tc,.11(1).Enabled =True 

End Sub 

Private Sub Command6 _Click() 

Cornmand5.Enabled = Tme 
Command6.Enabled = False 
Textl(l).Enablcd =False 

' Save the data for next time 
SaveData 

End Sub 

Private Sub Command7 _Click() 

lfMSComm I .PortOpcn = Tmc TI1cn 
MSConunLPortOpen =False 

Else 
Endlf 

' Save !he data for next time 
SaveData 

Unload Form2 
Set Form2 = Nothing 
Forml.Show 

End Sub 

Private Sub Form_ Load() 

Dim PortNmn As Integer 

,·StopLoop = Tmc 
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PortNum = Form I. PortNumbcr 
Te~'t2.Text = PortNum 

' COM port setting 
With MSComm I 

.CommPort = PortNum 

.Settings= "9600.N.8.1" 
End With 

' Close COM port 
IfMSCommLPortOpen =True TI1en 

MSComm I .PortOpen = False 
Else 
End If 

' Load the data from last time 
LoadData 

Frame I .Enabled= False 
Fr.une2.Enabled =False 
Command2.Enabled =False 
Text2.Enabled =False 
MSChartl.Enablcd =False 
MSChart2.Enablcd = False 
' htitialize Graph 
For g = I To I 0 

gdatal(g. 2) = '"' 
Next g 
MS Chart I. ChartData = gdatal 
MSChart2. ChartData = gdatal 

'get year 
MyY car= Y car( Now) 

'get month 
MyMonth = Month(Now) 

'get year 
MvDay = Day(Now) 

'get hour 
MyHour= Hour(Now) 

'get minute 
MyMinutc = Minutc(Now) 

\vorking directory 
Mydircctory = App.Patl1 + "\DATA_BASE\" 

If Dir(Mydirectory) = "" Then 
tv1kDir Mydirectory 

End If 

FilcName = :t-..1y"'{ear + '1 "+ MyMonth + "_1
' + MyDay +"_"+My Hour+ 11

_'
1 + Nly.Minutc 

1Exccls extension 
i\tiyExtcnsion = ".xlsx 11 

'complete path and file name 
MyFileName = Mydirectory· + File Name + My Extension 
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On Error Resume Next 

'create Excel object 
Set Exce!App = CrcateObject("Excel.Application") 

'if file exists. place file name in FilcChcck 
FileChcck = Oir$(MyfilcNamc) 
If FilcCheck = FileName + MyExtcnsion Then 
'Workbook exists. open it 
Set ExcclWorkbook = ExcelApp. Workbooks.Opcn(MyFileNamc) 
Set ExcelShect =Excel Workbook. Worksheets( I) 

Else 
'Workbook doesn't exist. create new workbook 
Set Excel Workbook= Excel App. Workbooks.Add 
Set ExcclShect = Excc!Workbook. Worksheets( l) 

ExcclShect.Cclls(l. 1) ="Date & Time" 
ExcclShcct.Cells(L 2) ="Patient l" 
ExcelShcct.Cells(l. 3) ="Patient 2" 

ExcelApp.Range(" A I :CI"). Select 
ExcelApp.Selcction.Font.Bold =True 

ExcclApp.Columns(" A:A ").Column Width= ~O 
ExcclApp.Columns("B:B").ColumnWidth = 20 
ExcclApp.Columns("C:C").ColumnWidth = 10 

End lf 

End Sub 

Private Sub Forni_ Unload(Canccl As Integer) 

vStopLoop =False 

' Close COM port 
lfMSComml.PortOpcn =True Then 

MSComm I. PortOpcn = False 
Else 
End If 

1 Saye the data for next time 
SavcData 

lf FilcChcck = FilcNamc + MvExtcnsion Then 
'Save existing workbook 
ExcclWorkbook. Save 

Else 
'Save ne\\' \vorkbook 
Excel Workbook. SaveAs MyFileName 

End If 

'Close Excel 
E.'celWorkbook.Close sm·cchangcs:=False 
Exce!App.Quit 
Set ExcclApp = Nothing 
Set ExcclWorkbook =Nothing 
Set ExcclShccl =Nothing 

End Sub 
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PriYatc Sub Timer!_ Timer() 

Label5.Caption ~ Format(Date. "Long Date") & "" & Format(Timc(). "Long Time") 

End Sub 
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APPENDIXC 

Hardware Photo Gallery 
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Top view of the system 

Front view of the system 
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Control Centre 

Patient Remote l 
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Patient Remote 2 

Temperature sensor TSic 301 
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1S1c--J101} tUpul ~ -1JM cmt. ptl!d&lar'I ~ _. 

AnO*lg- 0.,, 1 Yea liilgnill Ollplli; 
~ G.1~"CTSlc--506) 

::~:.:=::~-
IWlaRq: ~m:ta.t-COllllll!!l'~~crc 
Mlem a 1Gil.-..e: 
~'3 +1SU "C (TSIC""" 1~ 
-1010 t4iD ~ (TSIC!"" 506.) 
~ ~ ft'll!fJ D.. 'Jfi_ (llh!I'~ - .. -~~3!JVID5..5V;..,.~ 
qBillon"' r..ve "-.5V1D 5~ 
?ztagl!: 8-J91 SOP. 31* T04l.. Dfl! mt -UM ~CWR!ftlO"*irrfiZ!eSl!IF-
___ <DWl-1(-IJ!i.) 

3,...'!Hm Gllpmdan 3dlanDl!d mill!d-
_ cuos __ _ ---·-reflnrlee- j»OPALLod S.~ -(FTAT) __ _ 

plUCeilia'(DSP) GR.~~ ---
• Sl!wr.ilf~~~-.m 

tQl'"JIO upmra COi I R) 

• ND~IJy~needell; ---• ~JD~. r-.cng COii .arlO _ ... _ 
• ~fDr~SMD.THTor ---• very to.' power CIJ'liUITlplOfl - llJY .... -----.... -____ ....,, 

A..-Suppon 

F'OrTir"" ~ZM>pnMll5 ii~ 
Evaa1m- TOOL fOOl!rJlg cooe: TStt ui& n > ---s-... _ 
8"ill:" pr4mxt * 
PNr'E. +40 J.57 581=-GJ' 
TS«; ..,..f.'1'0Cf2D1,.,.,~1t.JOll/S09 cw.rv""' 

1.F,_~ 'l"S,. __ .-'!'•,.'"""-'"4'-1 _. 't- "."; ... -1.:·".:"1'.1-!1:· 

~ <F:.:• T:,.,. - .-r· llGS. ~ .... ~ .T•l 
.-;.._ ... -.06,~JO&."':-.'.IE-
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Data Sheet -
Rapid Ro>p<>nse. L....co.t T""'P@r.oturo Senscr IC 

3 Output Examples for TSic"'101110612011Z06/3011J061506 

... cca: """' -·c " c= ,,.,, 
"' c :st CL.., 

c 1-s: :i.c:=-i: 

1.J.G c fg: !:z..lli!'. 
.=:=. l:.!7! °""' . ., "'-' - o:c ,..., 

· T•-1"<'.&.a• """---···~.;,..._,..~:.,,'!"•:.I.··~-.-,'(" ,)f -st'F· _,).:;;:~=.-.... \.lit '>4!''\iC ::-0. ._.., 
;-_ ":"o··.....-•.a• ,,,,.__...,,.,..r 1'~ ...... -_), '!" ''.. >- fb.-~ •: ~- ~~·= L .o;.::• 

.!- '" • .-............ _ :..:i:.i o.;··.r.-'..r'·----"·.'!' ~·-~· 

.. ~ .. ---· .... ~- ~-.. __.t,., .. - ... --t_- ··::-1 

-Jr-

4 lifetime for TSicn<1011106i20112061301/3061506 Devices 

- I _.._ 
14-0'"-::; 15J'"C , ..,r ls:ID!I 

-1--~--;. , • ... ______ ..,... ... _____ ,... --... --------~_,_,,_ __ ,.,. 
~ ~---~-·_---_·-·-_··--·----~ 
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n. 111f1'9f 
~-.-1.-HTl'>.&.(1~) 

I 

.. ~·· 

85 

3" Series d Encoders 

M'TATIQtJl"I' 

HT6l"7 ~.~fl71i1\3'..:.ll' 

JI 
'----' 

·.:.~ IE ..,..., ...... 
- 1• DIP.'!DP - 24 SOP.'E! IP 



Pln Auignment 

......... ..,. 
., •. 
~· 
u 
~ ., 
M •. -
-~ 

xu· 

~ 

-~ 

r 
:;··; 

~ 

~ 

Pin De&cri_ption 

&;..Dn 

DO!'!' 

f'Mf);:'. lli 
P..li-ls.~ 
liTl;!A 

'ft,."M0...'> 
1'RA~'Mt.<:.....;,(()t<; 

C.ATf. 
PROTF.CT!Ol'\ 

DIODE 
UT1.!f.. 

!'lt"'Mf)5. 
1'RA..."~Ml..'-"'fOK 

C.-ATf. 
f'R('rf'F.("fl(l)'.; 

DlOf>E 
-liT1:£ 

tff f2AIHT11E 

~ 

·.-n M 

>.:..r .. 
~ ., 

-~ ~ 

M .. -.~ M 

~ ., 
~ -.--"t 

"''"" -16DIP 

Input p.m 1~ ..::l<b"-..s All -Ar;~ 
~S,;> pr. °'.l'llt bi-· ._,L't..--nii.£lh ;~ W \.~<:. .;;>J \.-.ft0pra 

[11f!tiT p.a:; f7 .ltdd.~·d:.t.1 AI.\>i .\Dll ¥1"Nli; 
11v-.:<' pn1= <:""lo !or- "~•'n..oi.ll• ;;~-1 t._~ \~:;;, ·c.r i.·-ft-:.po-n 

{""ut pm,o U .io.u I).; -Dl l ;;M'ml;::: :;ond tr=.:im:¥~n <'n 

~ ... ~~"'"'"' 
,,_....;.{'pin.; .;!P"ld br-~·~n"'lh· JM'\.: v::.,.-. :.- lrt? ~A 
•..;.«o.~7\'.c"tU' 

L~tdi. 'M-¥>~'ntl.i"• tr:::lftl'm~-:41 f.;.nn~ ~ ... i....:t .. -.n poo.. 
l.oadl. r 1;:.;m~ -:.- \"DD 
~u11u\.·~.;:, 
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Pack.age Information 

-=-A' ' •.._.· ~:i1::nt-o 
,O,I~< ;,>f'L•'.;o 
Uj f>tJ."<i 
;;t~: • ~, ,,,,-
:r: :.- >P.~ 
"IT'!>. !.!W 

rm, d"1.".J 
:i;:.:c• ~ ~ 
:s:1t ;.:hAl 

.-;.s 11'-Vlc 

><TOCZL 
- .IH!Pf111!" 

C-ltn .. 

CIN ~ 

:s:..: 

........... 
2-Dlbl 

"·1·· ' !!"' D 

i ••. "- ' <40' 

;;1•' ; ,. l.t;. =·:· ' !- -,,. .. 
~~- ! ' ~ 

!:U.1 £, :. ,4:;. 
:s:-· ~ . ~ 
,;~;1· !> 11 '"'l 
··~ !i' ) .. :. ,,,..,, 

-llDW 

--Ai'DI 
._, 

;:-x:-,L'O 
i;;..n .. .-r .. ,. 
r<"o:, oc .... 
a:1~i " " 

,.,,,... 
ri:o~ ·-;o-c~ 

•;;1 '> " -r;~.n~ ir.tJ 
:s:.:u.> :>L.-..:: 
:s-:1n"' ,orAf 

··~o ' qL>.:. 

.i.11n-l~r·.rc. 
;;i .1:i. lJCl!fJ 
,:;,,;.!-\ ~ll~ 

~ 4f:::::H- .aC~!l< 

'~ ' ..;:;! ·-, "°" - .. ::::,,.,. 
0 -v· nL"!.--
.~ -.c,u 

<Jfl!j:,o r;LAJO 
;Xi(.S::H> ·~r~-

~!Ll!' .i.LA' 

'•:»CJ 1., Jr"~• 

><T"'6l 
- .2& SOPJSCIP 

A\ -Lll 
I:J.T'J~ 

t!~u; 
t:;~n~ 

;;.""Ll~ 

r1i..1 J(, 

:;;>:;.a~ 

:;;;;;;111:.
."»D~ 

71;,_ 
;..t__.i.~ 

~-r- .. : 
H .. 4'~ 
::.I ... , 
~t<.;.-

11rQ[ 
:ir:.1.:• 

HT"3L 
-13 !)IP 

3 11 StHies of Decoden 

D' '::l I • .. • DCJ>CO 

.=1 .. ,;.:. A=-~"' 
::•>.::Jl. !>(J~a 

~I .. I'- '.'ll;>,-
:1::.::::J:. ~"t-

IT t,. •-! 1,.,.. 
~.,,; tflJl,j: 

:s-..:;.::.i!>o ..(J.-..;: 
:s:,,_. ;.:flA! 

.~:J '.'i- 11U.t.i:. 

t<T ... L. 
--~11'1111!' 

-~ 

=-•l,' MD~l!C. 

J.::::t. .!';00': 
j s. t:- .&f !l~ 
J t::l4 ~ D.>O-
~ ~ .. , I•fi~· 
J ;,:Jo> }0.>£, 
;> - _j~ ~u .. , 
,~:n- !O.u 

DHJ;, ._:,LJ~.} 
v;..;_.,,., ·:.n..._ 
CO::-L.I>! 4l.Ut ·,s.;,.,. .;Ci"'' 

llTWBL 
- 2.f SOPJSOIP 

......,... ...... 
r1::....i1 
:::1.':":-11; 

ll'<.J:;. 
~;~_:"]4 

~~:.J~ 

tl\_,~ 
~:s-:~:::J~ 
:;:;;:,:-,. 
--~:J~ 

M..J'.'::O 
-n .... 
;,.{_Jl,.f.
·!~i..· 

«...14-:,. 
.;Ji .. ,;. 
.-o ... -
!lfl"'I 
~<Jt.)o 

HT61141. 
-1tDiP 
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Sbck Diagram 

Pin As&tgnment 

.a.Add ... U!..Adrd-• 

., __ 
.,,... ...... ·-~· 

.,.,.; 
~ -.-_._. 

~· ~ ~ •. .- .. 
" . 

~ · .. :J.:· ~ ~ ~ 

c,;;c.: L• ~ ~ 

M - M ~ ,. 
,. 

~ ,. 
J"~ ~ "' -.. ., ~ ~ 

~ "'"" M 

J ..... .:::: ."!IF 



----
Mini ASK Data Transceivers 

RTX MID3V 

RTX MID 5V 

Desaizione 
iu:.._.._ •• .AS!( ,,., .. .,~'ID- ctm ab ---w . b 
pm:s ti«! d, an'f9.I~ ~ b!IS"SO a.SIS!'<l. Id. 9 pa 

.:IJ!IP~•rmloo~ilfDl!dw~IU~ lin•IJC1.1!D 
~rgad.,¥..Jdftib tmtll!N..Unbrr•a&e~-rr•- Eur~ 

DescripOOn 
M1'1 AS<\ ');n;~ rro..UR Wl'#I '-9h :11111R1"1T'I( ;:ind !JjWttT
diW?i fa"Ctx!'Ellf;' ~- lo• ~ 2 W.;tW' •:.lt1 '<'~ >111«!"19 '.a 
~- "41~ :n:f !Dllll'"t' ift1. !""! oo~hs~ w'lh; C#<l!l«l"l 

WT-

~...-.i.:i:z~ ~e-ir.o-, 
A....,,UZ0<!9 ...__~..::o-. 

~-~~":J.lX:U'lt ;;.~¥~J;>;.;.:;.\j 

ea--a~ta ~ 0\1 S..oor; c.r- ~ C"I 
.:_,.y..._ )SO'::>U "'\IA3...i: CH ::;..JXlo·i c;.r...,,i:""B....t C~;. 

.. ~..-v~ ~ ·-z~ "l9'311C"arlhlq~-, 

S-b u "f'• ~~ ~i:·~··· 
~JI nc. ! x. ""'-
'~ ,, .rnrru A. ... 'U f!o.dl~ 
!WTOOdl'.~~ S..a::~<t .... 
l~-'-l·3 rJ"."YO 0::>6'":r!S'IQ~-.~qc< 

r. 
TT 

4 

-..... -~ 
.... ·~·. _-,.;1. 
,_,..-,. 

:;: l , 
' 1~ 

" 
.(:JJ.ef 

J'L 

• '° ,,, 
'° 

A....'le'.3.A..·of."·~v:..·,.,-4-~X1;\;l..-<! .. 1 .. • ~.:'!:.."·""··-"' .,,~~·;..ocn:0.-"'4• -;'i--<'.~~,.;;:.: 
~_,-._... ... ,.,.,, .. ._~""'· ~"•-~_,_,..,~-"'I 

.. -· 0 

.s•_. ''l!Y.. ,, 
·~ ~-, .... 

!: :. .... 
' "'-.... 

'"" -~ 
"" 

""' ..s _, T 
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