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Abstract

This dissertation documents the design, develop and testing of the system to Monitor,
Analyse and Report health data captured during exercise. The system targeted for home

user and has been customized for single user.

Before developing of the system, aresearch is carried to understand the cardiovascular
disease, cardiovascular system and the parameters of the cardiovascular system and

equipment used to measure.

During the development of the system, research is also conducted on the signal analyses,

circuit design and programming technique.

A prototype of the circuits is developed and tested but the developing of the
microcontroller is halted due to the extensive requirement of time and the difficulty in the
programming. The program for user interface and presentation of the result is developed
with features that simulated the possible situation of a successful transmission between
the equipment and the computer through the interface circuit. Work is currently

underway to improve the system.

The results of the tests undertaken so far indicate that the system required only further

development of the microcontroller and the signal processing circuit.
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Introduction Chapter 1

Chapter 1

I ntr oduction

1.1 Introduction
This chapter provides a brief introduction of the project. It also includes the objectives of

the project and description of the content of this dissertation.

1.2 Project Aim

Health information is critical to the doctor in providing the best possible treatment to the
patient and it helps increase the awareness of the patient to one's health condition. This
project amsto develop a system to Monitor, Analyse and Report health data captured
during exercise. A research is carried out to access current health of Australianin
particular and provides some suitable methods of measuring the health indicators. Lastly,
develop a system to monitor, analyses and report these health data. The project only
focuses on the blood pressure and pulse to increase awareness against cardiovascular

disease.
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1.3 Project overview

The product of the project involves the equipment that is used to measure the blood
pressure and pulse, the interface circuit that is used to establish the communication
between the equipment, the circuit and the computer and the development of the program

to interpret the information from the equipment.

1.4 Project Objectives
The project is categorised into six main objectives and two supplement objectives. These
six main objectives are required to fulfil the project requirements, whereas the two

supplement objectives will help to enhance the project.

1.4.1 Main objectives
1. Define the objective and tasks of the project
The first task of the project is to plan the possible outcome of the project. Identify the
objectives of the project and list the tasks required to achieve the objectives.
2. Statethe Requirement, Restriction and Resources of Project
After thetasks are listed, it requires arough plan to identify the requirements,
restriction and resources that are needed to fulfil the objectives.
3. Research the critical parameters, measuring device types and current devices on

the market.

The initial plan of the task with requirements and resources listed is only a conception
view of the project. Some information gathering process must be on the way to

provide more insight of the project. This includes the understanding of the indicators



Introduction Chapter 1

of health, the equipment used to measure these health indicators and the equipment

that is on the market.

4. Investigate the interface of the equipment

Then anext step istaken to investigate the interface method and requirement of the

equipment and computer.

5. Design several possible interface circuit and select the most suitable for the
project

The development of the interface circuit will have to undergo different possibility of

different possible plan. Then the appropriate plan is selection for the project.

6. Develop and test the interface and software between the equipment and the
computer

Develop the interface circuit that required for the communication between the

equipment and the computer.

1.4.2 Additional objectives
7. Evaluate the design and minor improvement to the system
The system is not perfect and required to have another review to improve it.
8. Incorporate other devicesto the system
Many other devices can be interface to the system to increase the functionality or user

friendliness.
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1.5 Overview of Dissertation
This dissertation is a documentation of the work involved in the development of this
project. It isto provide adequate information of the project for future development. The
project is classified into the “research” and “development”. The “research” involvesthe
required information for the project. This includes:

1. The background of the project in chapter 2

2. The Methodology of the project in chapter 3

3. Theequipment in chapter 4

4. Theinterface circuit in chapter 5

5. The program in chapter 6

1.6 Conclusion

This chapter describes the overview of the project which includes the project title, aim
and objectives and also provides a brief introduction of the expectation of this
dissertation. To achieve the objectives stated, a good understanding of the project

background is required. The next chapter will explain the background of the project.



Purpose of the project Chapter 2

Chapter 2

Background

2.1 Introduction

“Early detection of serious disease is a key priority in preventative health services’ isone
of the objectives of the department of Health and Aging of Australia (Chief Medical
officer’sreport, 1999-2000). This project provides the same intention in promoting early
detection of cardiovascular disease. This chapter explains how cardiovascular disease
affects Australian both socially and economically and the function and components of

cardiovascular system.

2.2 Cardiovascular disease and the cardiovascular System
The cardiovascular disease is disease that affects the normal functional operation of the
cardiovascular system. The function and structure of the cardiovascular system and its

components will be detailed in section 2.4 and 2.5.
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2.3 Cardiovascular disease

Cardiovascular disease is the most important item in the national health profile. The
number of Australians affected by cardiovascular disease have increased from 1 in every
6to 1inevery 4 which is about 67% of families suffer cardiovascular disease (Heart
disease and stroke statistics, 2005 update). Above all, 38% of death is caused by
cardiovascular disease. In 2004, 50,292 people died dueto cardiovascular disease. In
every 10 minutes, an Australian dies due to cardiovascular disease. These figures

illustrate how serious the cardiovascular disease is affecting Australia.

2.3.1 Cost of cardiovascular disease on Australia economy

Health problem is the heavy burden to most developed countries including Australian.
Large sum of money has been poured to the medical sector to sustain the health of
Austrdians. In the overall budget of health benefit, the cost to counter disease affecting
the cardiovascular system is always high. In 2004, the direct health system costs related
to cardiovascular disease was estimated at $7.6 billion (11% of total health spending)
(Heart disease and stroke statistics, 2005 update). It is expected to reach $11.5 billion by
2011. Table 2.1 shows a brief summary of the direct cost of cardiovascular disease

affecting the health system.
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Items Cost (million)
Hospital inpatient $2700
Pharmaceuticals $1700
Residential aged care $639
Others $2561
Total $7600

(Heart disease and stroke statistics, 2005 update)

Table 2.1 Thedirect cost of cardiovascular disease affecting the health system

This does not include the indirect spending which is estimated to be $6.6 billion in 2004.
There are 55,871 Australians who could not work due to cardiovascular disease.
Production losses due to lower employment rates and premature mortality have reached a

total of $3.6 billion.

2.3.2 Typesof cardiovascular disease and itsimpact on Australia
Before the discussion of the cardiovascular system (detailed in 2.3), this section
introduces some cardiovascular disease. This includes some common types of
cardiovascular disease and facts and figures showing how these cardiovascular diseases
are affecting the lives and economy of Australia.
Some common types of cardiovascular disease include:

e Hypertension

Hypertension is also known as high blood pressure. High blood pressure is caused by

the constriction of the arterioles. When the arterioles are constricted, it causes the
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heart to work harder than normal. Over a period of time, it causes injury to the heart
and the arteries. Injured heart and arteries increase the risk of heart attack, heart
failure and stroke.

e Tachycardia

Tachycardiais rapid besting of the heart. Rapid beating of the heart reduces the
heart’ s ability to pump and circulate blood effectively. It cause dizziness, light
headedness and fainting or near fainting.

e Arrhythmias

Arrhythmias are abnormal heart rhyme and it causes the heart to pump less
effectively. When the heart is less effective, it causes from barely perceptible to
cardiovascular collapse and desath.

(Heart and stroke facts, American Heart Association, 1992-2003)

Table 2.2 provides the number and percentage of people affected by different types of
cardiovascular diseases. The pie chart in figure 2.1 shows the distribution of health cost
($6,563.7m) dueto cardiovascular disease. These facts and figures in the table and chart
illustrated how serious the cardiovascular diseases affect Australian and the purpose of
the project it to reduce figures by provide aids to early detection of cardiovascular disease

which will greatly reduce the cost and increase the recovery of Australians.
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Cardiovascular males % male %
_ females people | % total
disorder (*000) pop'n female
(*000) (*000) pop'n
(long term) pop'n
Hypertension 868.9 9.0% 1,040.3 | 10.6% | 1,909.1 9.8%
Angina 137.6 1.4% 122.8 1.3% 260.3 1.3%
Other coronary heart
_ 79.6 0.8% 46.1 0.5% 125.6 0.6%
disease
Other heart disease 6.0 0.1% 6.4 0.1% 12.4 0.1%
Tachycardia 143.4 1.5% 195.0 2.0% 338.4 1.7%
Oedema 88.3 0.9% 208.3 2.1% 296.6 1.5%
Diseases of arteries,
_ o 124.8 1.3% 74.4 0.8% 199.1 1.0%
arterioles & capillaries
Haemorrhoids 88.8 0.9% 119.8 1.2% 208.6 1.1%
Varicose veins 97.8 1.0% 341.9 3.5% 439.7 2.3%
Other CVDs 93.8 1.0% 111.3 1.1% 205.1 1.1%
Cardiac murmurs and 159.3
1.7% 206.2 2.1% 365.4 1.9%
sounds
Other CV signs &
24.7 0.3% 41.6 0.4% 66.2 0.3%
symptoms
Total 1,387.4 | 144% | 1,7984 | 184% | 3,1859 | 16.4%

Source: Access Economics derived from ABS (2002), Table 5. Self-reported data.

Table 2.2 The population affected by different type of cardiovascular disease
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Figure 2.1 The distribution of health cost dueto cardiovascular disease

2.3.3 Symptoms of Heart Disease
The symptom of cardiovascular diseases depends on the type of disease. For instance, the
warning signs for heart attack are:
e Chest discomfort
Chest discomfort refersto discomfort in the centre of the chest that lasts more than a
few minutes or that goes away and comes back. These discomforts might be
uncomfortable pressure, squeezing, fullness or pain.
e Discomfort or pain in other areas of the upper body
The upper body usually refersto one or both arms, the back, neck jaw or even

stomach.

10
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e Shortage of breath

Shortage of breath usually happens before chest discomfort.

e Other warning signs

These may includes breaking out in cold sweat, nausea or light-headedness.

(Heart and stroke facts, American Heart Association)

The warning signs for stroke are:
e Sudden numbness or weakness of the face, arm or leg
e Sudden confusion
e Suddenly having difficulty in
0 Speaking or understanding
0 Seeing in one or both eyes
o Walking
0 Dizziness
0 Lossof balance
e Sudden headache with unknown cause
(Heart and stroke facts, American Heart Association)
The symptom of cardiovascular disease is usually not a preferred approach as most
symptoms of cardiovascular disease only develop in the late stage of cardiovascular

disease.

11
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2.4 Function of cardiovascular system
The human body is the integration of several systems but these systems can also operate
independently. The cardiovascular system isthe most important system in the human
body because the cardiovascular system is directly related to al systemsin the body. The
role of the cardiovascular system is classified in five categories:

* Delivery

The cardiovascular system delivers oxygen.

* Removal

The cardiovascular system removes carbon dioxide.

=  Transport

The cardiovascular system helps to transport hormones from glands to receptors

* Maintenance

The cardiovascular system regulates the temperature and pH level of the body

* Prevention

The blood in the cardiovascular system prevents dehydration and infection

(Physiology of sport and exercise, 2003)

2.5 Structure of cardiovascular system

The cardiovascular system consists of three main components:
* Heart
* Blood vessels
* Blood

(Mayo Clinic heart book, 1993)

12
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With these three components, the cardiovascular system acts as a circulation system, with
the heart as the pump, the blood vessels as the pipe and the blood as the transport medium

(Exercise physiology, third edition).

25.1Heart

The heart is divided into four chambers. Two atria are receiving chambers for blood
returning from the arteries and two ventricles are delivery chambers that pump blood into
the blood vessels. The rate of the flow of blood is controlled by the values in the heart
and the rate the heart beat. These values also help to prevent areverse flow of blood

hence the blood flow is maintained in unidirectional (Clinical Cardiology, sixth edition).

2.5.2 Blood vessels

The blood vessels are like roads in a transportation system. The vessels are linked with all
cells in the body which create paths for the blood to travel. These vessels are made up of
veins, arteries and capillaries. Blood are delivered through the arteries to the capillaries
and from the capillaries to the veins back to the heart. All exchange of oxygen, carbon

dioxide and nutrients happen in the capillaries (Physiology of sport and exercise, 2003).

2.5.3 Blood
The blood is the medium of transportation. It carries substances like oxygen to the
respective cells and carries carbon dioxide back to the heart. Blood also helps carry waste

material to other organs like kidney and liver (Clinical Cardiology, sixth edition).

13
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2.6 Conclusion

This chapter illustrated how the cardiovascular disease affects the economy and
population of Australia, the function of cardiovascular system and its components. The
purpose of the project targetsto reduce the impact of cardiovascular disease through
continuous monitoring of health condition. The next chapter will illustrate the approach

of the project to achieve this target.

14



Basic Biological Knowledge Chapter 3

Chapter 3

M ethodology

3.1 Introduction

This chapter will highlight the two approaches in developing the system and the methods
that can be used to achieve the approach. Using the method, the project required the
understanding of the equipment used to measure the parameters of the cardiovascular
system. The chapter will also include the selection of the parameters of the cardiovascular

system and the equipment used to measure these parameters.

3.2 Approach of the project
There are two approaches to early detect of cardiovascular disease, the symptoms of
cardiovascular disease and continuous monitoring of cardiovascular system. The

symptom of the cardiovascular diseases is discussed in section 2.3.3.

15
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3.2.1 Continuous monitoring of cardiovascular system

Continuous monitoring of the cardiovascular system refersto the use of medical
equipment to measure the critical parameters of the cardiovascular system. This approach
is preferred for the detection of cardiovascular disease in the early stage. It helps to

greatly reduce the medical treatment cost and increase the chances of recovery.

3.3 Methodology
In an engineering point of view, there are three ways to improve continuous monitoring
of cardiovascular system:

e Theinstrument that measure the parameter

This method improves the accuracy of the instrument.

e The method of measuring the parameter

This method improves the way of measuring of the parameter to achieve more

accurate measurement or reduce the error during measuring.

e The system of measuring the parameter

This method improves the presentation of the value of the parameter.
This project targets to improve the system of measuring the parameters of cardiovascular
system. To achieve this, this project will develop a system to measure, analyses, interpret
and present the value of these parameters. This aids doctors and user in understanding the

health of the user.

16
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3.4 Parameters of the cardiovascular system
The health condition of the body is directly related to the performance of the
cardiovascular system. Hence, it is the measurement of the performance of the three

components in the cardiovascular system.

3.4.1 Measurement of the heart performance

The parameters for the heart are the heart rate and the heart rhythm (Exercise physiology,
third edition). Heart rate is the measurement of the rate the heart pumps also known as
heart beat. This can be achieved by using a heart rate meter. Heart rhythm isthe
frequency which the heart beats and requires an electrocardiogram (ECG) machine to

measure the oscillation of the heart.

—— ECG tracing

| -T%Q“

(Picturetaken from http://health.allrefer.com)

Figure 3.1 Ficture of ECG

17
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This oscillation is created by the potential difference of the muscles of the heart. Usualy
five electrodes are placed on the body to measure the pacemaker also known as sinoatrial
(SA). The sinoatrial are a group of cellswhich act like switches that spontaneously
generate action potential at a constant rate. Depending on the position of the electrodes,
the potential difference can be calculated by the ECG machine and create a waveform of

the frequency of the heart (Biomedical instrumentation, Second edition).

3.4.2 M easurement of the blood vessels

The parameters for the blood vessels are the blood pressure, blood volume, stroke volume
and pulse (Exercise physiology, third edition). Blood pressure is the measurement of the
pressure difference of the blood level in a position, referenced to another position using a
transducer. It is measured by both direct and indirect method. There are three waysin
direct method using a transducer. Firstly, it involves the placing a catheter in the blood
stream. In thisway, the transducer is not in the body and the blood pressure is transmitted
through a solution in the catheter to the transducer. Secondly, a needle or catheter is place
in the vessel just under the skin. Thirdly, the transducer is placed permanently in the

blood vessel or the heart (Biomedical instrumentation, Second edition).

18
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(Picture taken from http://www.medi cal-scrubs.com)

Figure 3.2 Ficture of sphygmomanometer

The indirect method is measured by placing a rubber cuff wrapped around a person’s
upper arm. The inflation of the rubber cuff will compressesthe large artery in the arm,
momentarily stopping the blood flow. When air in the cuff is released, the blood sartsto
pulse through the artery and makes a sound. Sounds continue to be heard using the
stethoscope until the pressure in the artery exceeds the pressure in the cuff. When the
sound stops, the measurement will be taken. Two measurements are recorded, Systolic
pressure and Diastolic pressure. Systolic pressure is the pressure of the blood flow when
the heart beats (the pressure when the first sound is heard). Diastolic pressure is the
pressure between heartbeats (the pressure when the last sound is heard). Blood pressure is
measured in millimetres of mercury, which is abbreviated mm Hg. The harder it is for

blood to flow, the higher the number will be. A systolic pressure below 120 mm Hg or a

19
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diastolic pressure below 80 mm Hg is “Normal “condition of the body (Clinical

Cardiology, sixth edition).

The process of measuring is classified manual, semi automated or the fully automated.
The manual method uses a sphygmomanometer. The person taking the measurement will
be required to inflate the cuff and listen to the sound and take reading from the scale on
the sphygmomanometer. The process can be sped up by using the semi-automated blood
pressure monitor (BPM) to sense the transmission of the sound as a pulse reference to a
timer but the person is still required to inflate the cuff. The fully automated blood
pressure monitor (BPM) inflates the cuff and listens to the sound. The personisonly

required to read the value of measurement (Biomedical instrumentation, Second edition).

The stroke volume is the measure of the volume of blood in each stroke (Exercise
physiology, third edition). It determines the amount of blood that is passing through the
position where the measurement is taken in each stroke. The blood volume is the quantity
of blood in the blood vessels. The method of measuring the blood volume and stroke
volume are similar to the method of measuring the blood pressure and it is measured

using the direct method (Biomedical instrumentation, Second edition).

The pulse is the indirect measurement of the heart rate which reflects the heart beat via

the blood arteries (Clinical Cardiology, sixth edition). It is measured using indirect

method (Biomedical instrumentation, Second edition).

20
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3.4.3 M easurement of the blood

The parameters for blood are blood viscosity and peripheral resistance (Exercise
physiology, third edition). The blood viscosity measures the quality of the blood which is
the quantity of the content of blood in each specified amount of blood. Blood is taken
from the body to undergo laboratory tests. The peripheral resistance affects the efficiency

of the blood flow. (Exercise physiology, third edition).

3.5 Instrument to measurethe cardiovascular system
The different instruments are used to measure these parameters. These parameters
involve the use of equipment or laboratory test to define the performance of the three

components.

3.5.1 Equipment

The parameters of the cardiovascular system can be measured by two methods, direct and
indirect. The direct method involves a cut in the body to place a transducer into the
cardiovascular system to take measurement (Biomedical instrumentation, Second edition).
This method will produce a more accurate measurement but it is not convenient and it has
acertain risk of infection. This method is suitable only when the accuracy of the
measurement is critical like a critical patient in the incentive care unit or the patient in the

operation room.
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The indirect method is also known as the physical examination (Clinical Cardiology,
sixth edition). The measurement is taken physically on or near the skin which is more
convenient. It isalmost risk free.
Indirect method of measuring the parametersis preferred in this project. Indirect method
of measuring has the following benefits:
* Convenient
The measurement is taken on or near the skin which make measurement convenient.
It also alows measurement to be taken repeatedly.
* Risk (Risk of infection)
Indirect method involves only the contact with the skin or even non-contact, hence
the risk involved isrelatively small.
* Codt
The manufacturing cost for the equipment is much lower than those equipments used
for direct method.
The disadvantage of the indirect method includes:
= Accuracy
When the sensor of the equipment is nearer to the heart, the accuracy of the
measurement will be better. Hence, indirect method is less accurate compared to the
direct method.
» Factors affecting the accuracy of readings
The accuracy of the measurement will also be affected by other factors like the
motion of the body.

= |psufficient measurements
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Under critical circumstances, continuous monitoring of parameters of the
cardiovascular system is required. Direct method can provide readings of the
component of the cardiovascular system instantly.

(Clinical Cardiology, sixth edition)

3.5.2 Laboratory test

Most parameters of the cardiovascular system are measured using equipments. For
example, the heart rate and blood pressure are measured using heart rate meter and blood
pressure monitor respectively. Other parameters that measure the concentration of the
blood or related factors required laboratory testing to determine its value. For example,
the blood content and the resistance in the vessels required laboratory tests (Exercise

physiology, third edition).

3.6 Selection of parameters and instrument
The selection of the parameters is determined by the importance of the parameter, the
method and the equipment. Hence, table 3.1 summarized the method and its equipment

according to the parameters.

Parameters Method M edium of measur ement
1 | Pulses Indirect Pulses meter
2 | Blood pressure Indirect 1. Sphygmomanometer

2. Semi-automated BPM
3. Fully-automated BPM

Direct Transducer
Blood volume Direct Transducer
4 | Stroke volume Direct Transducer
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5 | Blood viscosity Direct Laboratory test
6 | Peripheral resistance Direct Indirect measurement via calculation
7 | Heart rate Indirect Heart rate meter
Direct Transducer
8 | Heart rhythm Indirect ECG machine
Direct Transducer

(Exercise physiology, third edition)

Table 3.1 The method and equipment used to mean the parameters

Of all the parameters mentioned above, the blood pressure and pulse is selected for the

project.

The main reason is the importance of these two parameters. A stable rate of the heart beat

reflects a stable operating condition of the heart. A change in the blood volume, stroke

volume and peripheral resistance can be predicted by a change in the blood pressure.

Both parameters can be measured indirectly

3.7 Conclusion

This chapter illustrated the selection of the equipment to measure the parameter of the

cardiovascular system which concludes to use a blood pressure monitor to measure the

blood pressure and pulse of the cardiovascular system. The next chapter will discuss

about the characteristic of the equipment.
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Chapter 4

Equipment

4.1 Introduction

Chapter three has illustrated the parameters of the blood pressure and pulse and this
chapter will illustrate the equipment to measure both the blood pressure and the pulse.
This measuring equipment is essential to the project. This equipment is the source of the
information health data. It is a blood pressure monitor with capability to measure pulse.
The selection of the equipment and some common equipment in the market will be
discussed in this chapter. This chapter will also have a detail description of the function
of the equipment, the interpretation of the information and the signal that is coming out

from the equipment.

4.2 Selection of measuring equipment
This project focused on two parameters which is the blood pressure and pulse as the
interpretation of health data. There isavariety of equipment to measure these two

parameters. Usually, the blood pressure monitor is used to measure the blood pressure
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and the heart rate meter is used to measure the pulse. Thereis also equipment that can
measure both parameters. Equipment is mostly similar in its function but additional

features are added depending on the usage and the cost.

The usage of the equipment is grouped into three:
- extensive usage
The person is required to wear the equipment for 24 hours. For this usage, the
ambulatory blood pressure monitor is used to measure the blood pressure whereas a
holter meter is used to measure the heart rate.
- periodic usage
The person will take the measurement in an allocated time.
- occasional usage

The person seldom measures.

In this project, the usage of the equipment is between extensive and periodic. The

measurement is taken in periodic and transferred to the computer to analyses.

4.3 Current product on the market
Currently in the market, equipments are categorizes in three groups
e Automatic blood pressure monitor
Automatic blood pressure monitor have the capability of inflating the cuff

automeatically.
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(Picture taken from http://www.50pl usheal th.co.uk)

Figure 4.1 Picture of an automatic blood pressure monitor
e Manual blood pressure monitor

The manual blood pressure monitor will allow the user to inflate the cuff manually.

(Picture taken from http://www.epinions.com )

Figure 4.2 Picture of amanual blood pressure monitor

e Wrist blood pressure monitor

The wrist blood pressure monitor takes the measurement from the wrist of the arm.
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(Picture taken from http://asseenontvpi cks.com)

Figure 4.3 Ficture of awrigt blood pressure monitor

Both manual and automatic blood pressure monitor takes measurement from the upper
arms and the wrist blood pressure measures from the wrist. The market is currently
moving toward providing more features and new blood pressure monitor usually come
with automatic inflation function. For example, Omron have only a hand full of product
that is manual inflated and most are currently automatic inflated. Table 4.1 shows a
comparison chart with alist of blood pressure monitor with different features. Omron is
not the only company providing blood pressure monitor equipment. Companies like
Lifesource, J. Hewitt and SunTech also carries a series of blood pressure monitor but

Omron isthe leading band in Asia.

Additional features of the equipment include:
1 Memory capability
The memory capability refers to the number of readings that can be stored in the
equipment.

2 Accuracy of reading
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The accuracy of reading refers to the consistency of the reading. Different
measurement taken within a small period of time should not have a big variation
in the value.

3 Error detection of readings

The error detection of readings refers to the intelligence of the equipment to
detect inaccurate readings. For instance, incorrect positioning or shaky while
taking measurement.

4 Downloading capability

The downloading capability refers to the ability of the equipment to transfer the
readings to a computer.

5 Pulse measuring capability

Thisrefersto the ability to measure pulse.

The equipment for this project requires these all the features above.

The memory and downloading capability feature affects the price of the equipment.
Equipment that has all the features other than the downloading capability is much lesser
than the price of those without downloading capability. Equipments that have higher
capacity of memory will usually cost slightly more. The comparison chart in table 4.1

also list different blood pressure monitor with their features.
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Features 1ALl IA1B IA2 w1l IW2 R8IT M5 MX-3 R-Al M2 TIP HEM-
907
Intellisense N N N N \ N N N
technol ogy
Automaiic A T A B A YA B B I A B V|
Inflation
Wrist \/ \/ \/ \/
Cuff Fit Cuff | Fit Cuff Fan- Wrist Wrist Wrist Fan- Fan- Wrist Fan- Fan- Fan-
shaped Cuff Cuff Cuff shaped shaped Cuff shaped shaped shaped
cuff cuff cuff cuff cuff cuff
Standard cuff 17-32 22-42 22-32 135- 135- 135- 22-32 22-32 135- 22-32 22-32 22-32
size provided cm (S cm (M- cm 21.5cm | 21.5cm | 21.5cm cm cm 21.5cm cm cm cm
M) L)
Fas VIV [V [V [V A VA
measurement
Memory (sets 90 90 90 90 90 90 14 21 14 28
of readings)
baesTme |~ | N | N | v | v | J J
Display
Average of last N N N N N
3 readings
Detecs v v | v [ v A
Irregular
heartbeat
By I A I
movement
indicator
Advance \/ \/
Posi_tion Sensor
Ak~ [T | N | N | N | V[ N[ V| V[T V[ V[
(optional)

(Source: Omron Healthcare Singapore)

Table 4.1 Comparison chart of different blood pressure from Omron
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4.4 Featuresof |A2

Figure 4.4 Ficture of IA2

A2 isthe equipment chosen for this project due to three main reasons.
1. Thesize
The size of the equipment is not compact therefore it is easier to investigate the
equipment.
2. Theprice
The cost of the equipment isrelatively cheaper than others.
3. Thefeatures
The equipment have memory feature with date and time but it does not have the

downloading capability.
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This equipment has the following features:
1. Memory capability

A2 can hold 90 sets of memory with date and time.

2. Accuracy of reading

A2, like many of Omron product, has Intellisense technology. The Intellisense
technology is an ability to take afew readings and provide the average of the readings as
the final readings. It also removes ambiguous readings. This greatly improves the

accuracy of the reading.

3. Error detection of readings

A2 can also detect irregular heartbeat and body movement. By taking a set of readings,
when these readings are mostly ambiguous readings and with the motion detection of on
transducer, it indicates that the person is moving while taking the readings. These set of

readings can also interpret irregular heartbeat when the changes of the sys pressure and

diapressure values is not in aregular pattern.

4. Pulse measuring capability

A2 can measure both the pulse and the blood pressure.

The only disadvantage of IA2 is it does not have the downloading capability.
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4.5 Components of the A2

Investigation is carried out to understand the components of the IA2. A2 consists of 5

main components:
e The cuff with transducer
e The Microcontroller
e The power supply
e ThePump

e ThelLCD

Power Supply

\ 4

Pump

Microcontroller

LCD

T

A

Cuff /transducer

Figure 4.5 Relation between the five main components

These four components are linked to the microcontroller. This processor will activate the

pump to ensure a sufficient amount of pressure is produced to inflate the cuff. During the

inflation of the cuff, the transducer will take the pressure difference and transmit the

information to the microcontroller. The microcontroller will interpret the information and

process the calculation and display the relevant information on the LCD.
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1. The cuff

The inflation of the cuff depends on the amount of pressure from the pump. This amount
of pressure transmitted to the cuff will tighten the cuff. When the cuff is tightening,
pressure acts on the blood vessel. Hence, when the blood vessel is been pressurized, it

produce a sound wave. This sound wave is then picked up by the transducer.

2. The pump
The pump isresponsible in producing certain amount of air pressure over a period of time.
The increase of air pressure and the rate of increase of air pressure are controlled by the

microcontroller.

Figure 4.6 Ficture of the pump of IA2
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3. TheLCD

LCD isalLiquid crystal display which displays the following information.

a

b.

SYS (systolic pressure)

DIA (diastolic pressure)

PUL (the pulse)

Time and date

Memory (determine the information display is from the memory)

Error detection

Accuracy detection

Processing (a symbol to show that the equipment is taking measurement)
Heartbeat symbol (flash at each heartbeat)

Deflation symbol (flash while cuff deflating)

Battery low symbol (lighted when battery low is low)

35



Equipment Chapter 4

Figure 4.7 Ficture of the LCD of IA2

4. The power supply
The power supply consists of four ‘AA’ batteries. Each *AA’ battery is 1.5V. This power

supply isthe source to al the components in the equipment except the cuff.

5. The microcontroller

The microcontroller plays the following roles in the equipment.
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a. It controls the pressure and the rate of the increasing pressure which the pump is
producing.

b. Ittransmits datato the LCD to light up the specify segment.

C. It receivesinformation from the transducer

d. It processes the information from the transducer

e. It soreinformation in its memory
The microcontroller used in this equipment is TMP86CP23. This chip is manufactured by
Toshiba Company and has 48k x 8 bits of ROM and 2k x 8 hits of RAM.
The features of the microcontroller include:

e 8-bit single chip microcomputer

e Ingtruction execution time: 0.25us - 122us

e 731 basic instructionsin 132 categories

e 20 interrupt sources (External 5, Internal 15)

e Input/ Output ports (48 pins) (program controlled)

e Output ports (3 pins)

e 18-bit timer counter: 1channel

e 8-hit counter: 4 channel

e Real Time counter

e TimeBaseTimer

e Divider output function

e Watchdog Timer

e Serial Interface

e 10-bit successive approximation type AD converter
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Multiply accumulate unit (MAC)
e Four key-on wake-up pins
e LCD driver/controller
e Dual clock operation
e Nine power saving mode
e Wide operating voltage
These features show that this chip’s capability far exceeds the requirement of the

equipment. Most of the features are not used.

4.6 Information Retrieval
There are two possible options to achieve this task.
a Retrieve the information from the microcontroller

b. Retrieve the information from the LCD

1. Option1
Retrieving the information from the microcontroller isthe initial approach in this project.
This approach has two possible ways.
a Usethe Serial Interface of the microcontroller
b. Usethe information in the memory of the microcontroller
Both methods require an understanding of the instruction and decoding of the

microcontroller.
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Decoding the microcontroller is not an easy task as manufacturers usualy enclose the
microcontroller and reverse engineering of industrial or commercial product is violating

the law. Hence, this approach is not selected.

2. Option 2
The objective is to understand the information from the microcontroller that transmits to
the LCD to light up the segment. There are two possible areas to retrieve this information.
e The Output port of the microcontroller
e Thelnput pinsto the LCD
The Output port of the microcontroller is not a preferred choice as the pins of the
microcontroller is fairly small as each pin of the microcontroller is only 0.35 mm and by

probing to these pins will damage these pins.

4.7 Characteristic of thisLCD
This LCD has 34 pins and required a continuous supply of signal. Each segment of the
LCD depends on a pattern of one or more segment output signal and a pattern of common

output signal.

4.8 Output of the microcontroller
Before investigating the input signals of the LCD, thereis a need to carry out some study
on the microcontroller. Thiswill highlight what the expected signal in the input of the

LCD’s.
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4.8.1 LCD driving methods
The microcontroller can provide 5 types of driving method
1. /4 duty (1/3 bias)
2. 13 duty (/3 bias)
3. 1/3duty (1/2 bias)
4. 1/2 duty (/2 bias)
5. Static
The driving method of the driver will affect the frequency and the drive voltage for the

LCD.

Vicp

Bi

-Vicp

»
»

Duty

v

Each Data

Figure 4.8 The waveform of 1/4 duty (1/3 hias)

For instance, figure 4.2 shows a 1/4 duty (1/3 bias) waveform.
The Duty refersto the frequency of the waveform.1/4 indicates that the value 4 isthe

frame frequency of the signal. This waveform will require two set of 4 bit to form a data.
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The bias refers to the changes of the voltage. 1/3 indicates that there can be 3 level of

voltage. The waveform will be fall under six different section of voltage.

The microcontroller can operate under 5 different High-frequency clocks which are
16MHz, 8MHz, 4AMHz, 2MHz and 1IMHz and 1 Low-frequency clock whichis

32.768kHz.

The voltage level of the LCD depends on the application of the driving method. The Vcp
must work within the range of Vpp and V ss which is between OV to 5V. V ¢p isthe
working voltage of the signal to the LCD, Vpp isthe operating voltage of the LCD and

Vssisthe ground.

Common outputs are consistent signal used for the LCD as areferencing signal. Hence,

the status of the Segment is directly dependant on the waveform of the Segment outputs.

4.8.2 Operation of the LCD

The microcontroller is able to provide up to 32 different segments output (SEG) and the 4
different common output port (COM). The amount of common needed for the operation
will depends on the frame frequency. Table 4.2 shows the relation between the frame

frequency and the common output port (COM).
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Frequency COM3 COM2 COM1 COMO

1/4 Duty Used Used Used Used

1/3 Duty Not Used Used Used Used

1/2 Duty Not Used Not Used Used Used

Static Not Used Not Used Not Used Used

Table 4.2 Relation of frame frequency and Common output port

4.9 Waveform from the input of the LCD

Waveform from the input of the LCD can be achieved by using an oscilloscope. One end
of the oscilloscope is connected to the pin of the LCD and the other is connected to the
ground of the equipment. This process is repeated four times on all the 34 pins and the
reading are recorded in atable in appendix B. The table contains the voltage level in each
two duty cycle with columns as the two duty cycle and rows as the number of the pin. In

each reading, the display on the LCD is also recorded.

4.9.1 Characteristic of the waveform
The waveform repeated after 2 duty cycle which mean that each datais 2 duty cycle. This
shows that the microcontroller is using 1/4 duty for the frame frequency.

The waveform has 3 voltage levels which shows that the microcontroller is using 1/3 bias.

Using the two points above that concludes that the driving method of the microcontroller

is 1/4 duty (1/3 bias) Drive.
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4.10 /4 duty (1/3 bias) driving method

After the driving method of the microcontroller has been identified, a step is taken farther
to derive the segments that are required to produce a numerical figure and the Segment
output that produce these numerical figure and study the waveform characteristic of 1/4

duty (1/3 bias) driving method.

4.10.1 The segmentsrequired to produce a numerical figure

1/4 duty (1/3 bias) drive uses 2 segment outputs and 4 common outputsto control the
display of afigure. Each segment output control four segments and each common output
controls two segments. This combination of control will produce eight combination of
relation between a segment output and a common output. The relation between each
segment output with a common output will control the status of each segment. In each

numerical figure there are seven segments and a dot. The dot display is not used in this

equipment.
COMO Segment 1
:j/
— —COM1 E
(N
COM2 SEGO

L—19  coms L 10 g a

Figure 4.9 Reationship between common outputs with segments and segment output with segments
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Figure 4.3 shows the relationship between common output with segments and segment

output with segments. For instance, segment 1 is controlled by common put 0 (COMO)

and segment output 0 (SEGO).

Figure 4.10 Labdling of the segment of the display figure

Segments Segment outputs Common outputs
a SEGO COMO
b SEG1 COMO
c SEGO COM1
d SEG1 COM1
e SEG1 COM2
f SEGO COM2
g SEG1 COM3
h SEGO COM3

Table 4.3 The reationship between the segment outputs, common outputs and the segment

Figure 4.4 shows the segment of the display figure and table 4.4 summaries the

relationship between the common output with the segments and segment output with the

segments.
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Figure 4.11L abeling of the segment of the display figure

Numerical
figures Segment

a b C d e f g h
0 1 1 1 0 1 1 1 0
1 0 0 1 0 0 1 0 0
2 1 0 1 1 1 0 1 0
3 1 0 1 1 0 1 1 0
4 0 1 1 1 0 1 0 0
5 1 1 0 1 0 1 1 0
6 1 1 0 1 1 1 1 0
7 1 0 1 0 0 1 0 0
8 1 1 1 1 1 1 1 0
9 1 1 1 1 0 1 0 0
: 0 0 0 0 0 0 0 1

0=Not Used, 1= Used

Table 4.4 Rdation of the segment to the numerical figures

Table 4.4 shows the required segments to display a numerical figure. For instance, to

display a‘1’ inthe LCD, segment ¢ and segment f will have to light up.
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4.10.2 Waveform from the Segment Output
There are two focuses in the waveform from the Segment Output.
1. Thefrequency of the waveform

2. Thedifferent level of voltage of the waveform

3.6V

24V

1.2v

ov

2ms

Figure 4.12 The period and voltage leve of the waveform of a 1/4 duty (1/3 bias)

4.10.2.1 The combination of the waveform

Status of each Segment of the display figure will depends on the combination of the
segment output and the common output. This can be derived be taking common output
minus segment output. When the common output minus segment output, the voltage that

achieve Vcp or -V cp indicates that segment is lighted up.
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3.6V

2.4V

1.2v

ov

-1.2V

-2.4V

-3.6V

3.6V

Common output - Segment output

(Selected)

2.4V

1.2V

ov

-1.2V

-2.4V

-3.6V

Common output - Segment output
(Non-Selected)

Figure 4.13 Waveform of common output minus segment output (selected and non-sel ected)
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When the common output minus segment output, voltage levels cancel each other and
produce another waveform. It also changes the range of voltage level fromaQV to Vcp
to range of voltage level from V cp to -V cp. For instance, in 1/4 of a duty cycle the
voltage level of common output is 3.6V and the voltage level of segment output isOV,
the waveform will be at voltage level 3.6V. Taking another example, in 1/4 of a duty
cycle the voltage level of common output is OV and the voltage level of segment output is
3.6V, the waveform will be at voltage level -3.6V. Both the instances above are able to
achieve V cp or -V cp. When V ¢p or -V ¢p is achieved, the output will produce logic
‘1’. Whereas when V cp or -V cp is not achieved, the output will produce logic ‘0". A
pulse is generated with a change in the logic level and a continuous pulse will light the
segment. On the other hand, a pulse is not generated when the output remains at logic ‘0’.
This is because when the common output minus segment output, it is not able to achieve

Vicp or -Vicp.

4.11 Conclusion

The selection of the equipment involves several steps which includes the usage analysis,
market equipment research, the equipment feature analysis and the model of blood
pressure from Omron. This chapter includes the investigation of the equipment which
involves in the function of the main component of the equipment, the characteristic of the
microcontroller, the LCD driver of the microcontroller and the signal characteristic of the
signal from the input of the LCD. The next chapter will focus on the interface circuit

required for the communication between the equipment and computer.
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Chapter 5

I nterface Cir cuit

5.1 Introduction

After understanding the signal from the input of the LCD, this chapter will illustrate the
circuitry required to transmit the information to the computer. Two important factors will
be discussed throughout the chapter that is the frequency and the voltage level. The
objective of the circuitry isto convert the parallel signal of the LCD to a series signal

transmit to the computer at same frequency.

5.2 Expectation of the circuitry
The interface circuit isrequired to convert LCD signal to the computer’ s receiving level.
It required the signal from many output to be converted to one series signal. To achieve
this, there are two important factorsto consider:

1. Matching the voltage level of both LCD signal and the computer

2. Matching the frequency of both LCD signal and computer
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In this project, there are four steps taken for the development of these circuits.
1. Select the peripheral to communicate with the computer
2. Convert different voltage level to uniform voltage level
3. Convert the paralel signal to asingle serial signal

4. Adjust the frequency to suit the frequency of the computer

5.3 Selection of the communication with the computer
Firstly, selection of peripheral to communicate with the computer is essential.
The types of techniques of communicating with the computer are:

1. RS232

2. Parallel port

3. USB port

4. Infrared red

5. Wireless communication

6. Modem

7. LAN communication

5.3.1RS232

RS-232 is awidely used technique to interface external equipment with computer. It uses
serial communications where one bit is sent along aline, at atime. The main advantage
of serial communicationsis it required less hardware compare with other form of

communications. It uses asingle wire to transmit and another to receive.
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The electrical characteristics of RS-232 define the minimum and maximum voltages of
logic*l and ‘0. Logic ‘1’ isabout -12V and logic ‘0’ isabout +12 V. Any voltage
between is considered an indeterminate logical state. If there is no pulse present on the

line then the voltage level is equivalent to a high level which is-12V.

There are 2 types of connectors for RS-232

1. DB9S (9 pins)

2. DB25S (25 pins)
DB25S isthe actual standard for RS-232 but nowadays most computers are using the
DB9S connector as DBIS is sufficient for serial datatransfer. In most computer there is
at least a serial communication which usually known as COM1. Figure 5.1 show the

relation of the pins and the signals.

ins | Signals
Not in use
Rx

Tx

DTR
GND
DSR

RTS

CTS

Not in use

54321

00000
0000

9876

OCoO~NOO O, WNPRFT

Figure 5.1 RS-232 DB9S interface

In this project, ‘no handshake communication’ technique is used. This technique requires
less hardware. In ‘no handshake communication’ technique, there are two assumptions,

no lost of data during communication and all data is successfully transferred during the
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transmission. The no handshake technique required only 3 pins for the transfer of data,
the Rx, Tx and GND. Rx isthereceiving pin, Tx isthe transmitting pin and GND isthe

ground. Figure 5.2 shows the connection between the computer and the interface

hardware.

3 2

TX Rx
2 3

Rx TX
5 5

GND GND

Interface circuitry Computer

Figure 5.2 The connection between the computer and the interface hardware (no-handshake technique)

5.3.2 Hardware interfacing required by serial port
Due to the different in the working voltage level, the RS-232 required a voltage levelling
build up between the interface circuit and the computer.
There are three possible methods of levelling the voltage:
1. Useasingle chip Transmitters/Receivers
2. Use aTransmitters chip and a Receivers chip
3. Use Transistor and operational-amplifier
In this project, asingle chip Transmitters/Receivers is a better option. The cost between

the three methods is minor.

This single chip is usually known as the RS-232 Transmitters/Receivers IC. ThisIC role

isto amplifier the voltage level from 0-5V to -12V - +12V and during the process the
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signal isinverted. Figure 5.3 shows atypical connection of a RS-232

Transmitter/Receivers |C which will be used in this project.

Tt ?
1k 7~ TlG y
=~ 1uF
[ Vee
1uF 1| c1+ V+ 2
T 3| c1-
| 4| co+ v-| 6
S | Co- L
WE 11| T1in  Tlout| 14 —-1nF

10| T2in  T2out|?
12 | Rlout R1Lin[-13
9| R2out R2in|8

GND

l 15
GND
®

Figure 5.3 A typical connection of a RS-232 Tranamitter/Receivers |C

Figure 5.4 A picture of the RS-232 Transmitter/Receivers IC
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5.4 Convert different voltage level to uniform working voltage
The signal from the input of the LCD has four different levels of voltage, OV, 1.2V, 2.4V
and 3.6V which are shown in figure 5.4. These four levels of voltages are required to be

converted to component working voltage which is OV and 5V.

3.6V

24V

1.2v

ov

Signal | 32100123

Figure 5.5 A possible signal from theinput of the LCD

To convert the signal above, the signal will be spilt into three signals.
A reference voltage will chop between the differences in the voltage level. Voltage level
that is above the reference voltage level will produce Logic ‘O’ .Whereas the voltage level

that is below the reference voltage level will produce Logic ‘1.

Voltage reference Signal Voltage Output Voltage Logic
ov 5V ‘v
1.2v oV ‘o

Between OV to 1.2V

2.4V oV ‘o
3.6V ov ‘o
Between 1.2V to ov 5V ‘v
2.4V 1.2v 5V ‘v
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2.4V ov ‘0

3.6V ov ‘0

ov sV ‘1

Between 2.4V to 1.2v sV ‘1
3.6V 2.4V sV ‘1

3.6V ov ‘0

When the signal voltage is below the voltage reference, the output voltage will be 5V.
When the signal voltage is above the voltage reference, the output voltage will be OV.

Table 5.1 Relation between signal voltage, output voltage and logic with voltage reference

To accomplish voltage levelling, two small circuit need to be developed.
1. Power supply with four different voltage levels

2. Voltage comparator

5.4.1 Power supply

The power supply required to produce three different level of voltage. The first voltage
level is 5V which is the working voltage level for all components. The other three voltage
levels act as a voltage reference for the voltage comparator. The mean of the different
between the voltage levels of the signal will be the voltage reference which is 0.6V, 1.8V

and 3V. The connection is shown in figure 5.5.

R1 R2 R3 R4
o 7805
Supply
from
batteries
GND 3V 1.8V 0.6V
@

Figure 5.6 Circuitry of power supply
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The R1, R2, R3 and R4 areresistors value to achieve the voltage level. Figure 5.6 shows

the circuitry of the resistors.

Resistor Trimpot Resistor
100k 50kQ 100k
@ ‘C l
Co

Figure 5.8 A picture of power supply circuit

The power source of the interface circuit is6 ‘AA’ batteries. These 6 batteries will

produce 9V which the 7805 chip requires (at least 7V).
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5.4.2 VVoltage comparator

Voltage comparator uses a voltage reference to determine the status output voltage. There

are 2 types of component can be used as voltage comparator:

1. Operational amplifier

2. Comparator

Table 5.2 shows the voltage comparator with the IC code and description.

Components IC Code | C description
LM741 General purpose op-amp
LM747 Dual op-amp
LM 1458 Dual op-amp
LM748 Op-amp

Operational amplifier LM3900 Quad op-amp

NES534N Low- noise op-amp
NES534AN Ultra low-noise op-amp
LM4136 Quad High performance op-amp
LM4558 Dual High performance op-amp
LM393 Low power dua comparator
LM311 Voltage comparator

Comparator
LM339 Quad low- power comparator
LM393 Dual low- power comparator

Table 5.2 List of IC for operational amplifier and comparator
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5v
3V Op-amp 1
D +
Op1l
I/p wav_eform from o i
the equipment
1.8V Op-amp 2
_ > +
Signd Olp2
GND
0.6V Op-amp 3
> +
Olp3
e s

ov—e

Figure 5.9 Circuitry of voltage comparators using operational amplifier

The connection of the op-amp is shown in figure 5.7 but both operational amplifier and
comparator have similar problems. They are not able to work with voltage level below
1V which mean it is difficult to detect differences in the voltage level between 1.2V and
OV. 1.2V might be higher than 1V but the difference between 1V and 1.2V is small.
Practically, due to input offset voltage, current leaking and response time of the
component, the voltage comparing will fail. Input offset voltage can be compromise by
using operational amplifier. Modification to the voltage comparator circuit is required to
countermeasure for current leaking and response time. One possible solution isto deal
with the difference in voltage level individually. The threshold voltage reference of the

1.8V and 3V will remains but the threshold voltage of 0.6V will required additional
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circuitry. The input signal from the LCD will have to push the voltage level to 1.5V.To
achieve this, there are 2 possible methods:

e Useatransistor

e Useanamplifier IC
Transistor will be preferred as it is much cheaper than the amplifier IC. Figure 5.8 shows
the connection of the transistor which will be used in this project.

5v

Col

Op1l

Op-amp 1

Signa

GND

I Olp2
Op-amp 2

2d e

I/p waveform from the equi pment

Olp3

Op-amp 3

ov

Figure 5.10 Circuitry of voltage comparators usng operational amplifier with transistor

R1 and R2 are pull-up resistors. Both resistors are about 330ohms.
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I e

Figure 5.11 A picture of voltage comparators using operational amplifier with transistor

5.5 Convert theparalle signal to a single serial signal
There are 33 signals from the LCD and after the processing by the voltage comparators
the number of signals increased to 99. This amount of signal is required to convert from
parallel to series. There are three methods of converting parallel to series:

1. Useaparallel to seriesIC

2. Useamicrocontroller with at least 99 inputs

3. Useflip flop
But none of the methods above can achieve the conversion. The combination of two or
more of the methods is required to achieve the task. Method 1 and 2 is the best

combination for this project.

60



Interface Circuit Chapter 5

Constant
Olp from___ > | pulse 2
Op-amp Pull up 10
resistors

— 11 | DO DS
1 12 | D1
] 13 | D2
] 14 | D3
1 3 D4
] D5
1 D6
D7 Q73—<:| Microcontroller

PL Q7
CP CE

74HC165

o1 [

I

Constant

2| |15
pusell  >———

Figure 5.12 Circuitry of the paralldl to series |IC 74HC165

A parallel to series IC will help reduce the number of inputs to the microcontroller.
74HC165 isaparallel to series converting IC. This IC required a constant period of pulse
(Constant pulse 1) and another pulse that is three times faster than the constant pulse
(Constant pulse 2). Constant pulse 1 will be connected to CP which will be used to clock
the transmission of the output. Constant pulse 2 will be connected to Ds which will be

used to select the receiving of the bit. The circuitry of 74HC165 is shown in figure 5.9.

Microcontroller is another component that can be used to convert parallel signal to serial

signal. The signal will be connected to the ports of the microcontroller and transmitted

using a program. Details will be discussed in section 5.7.
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5.6 Adjust the frequency to suit the frequency of the computer
Freguency isin fact the most important aspect of the signal processing. There are three
important factorsto be considered:

1. Frame format of transmission

2. The frequency of the signal from the input of the LCD

3. The frequency of the computer is receiving data
The frequency of the signal from the input of the LCD is different from the rate computer
isreceiving data. The frequency of the input of the LCD must be close to the frequency

of the computer receiving rate to reduce the error generated during transmission.

5.6.1 Frame format of transmission

All transfer of data of a circuit with external source will required a standard of
confirmation. RS-232 with no handshake uses three bit as confirmation. These three bits
are start bit, stop bit and parity bit shown in figure 5.9. These three bit will enclosure a set

of datato be transmitted.

Loaic‘l’

Loaic‘O’

A set of 8 hit

Start bit
Stop bit
Parity bit

Figure 5.13 RS-232 frame format
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5.6.2 The frequency of the signal from theinput of the LCD

5V

ov

2ms

Figure 5.14 The period of the waveform of a 1/4 duty

The time interval between each triggering point of the input signal is 2ms which mean the
rate of transmission of the signal is 2ms per bit. In each data, there is 8 bit. Then the total

period is 16ms.

5.6.3 The frequency of the computer isreceiving data

The baud rate of the computer receiving data can be selected using the 300, 1200, 2400,
9600, or 19200. The microcontroller required a baud rate of 1500 to transmit 11 bit of per
data. This baud rate is not a standard baud rate of the computer receiving data. A higher
baud rate is required. 2400 baud rate is the next better choice but the difference between
1500 and 2400 baud rate is not much. Hence, 9600 is a preferred baud rate for the

transmission.

Microcontroller is usually a suitable way of changing the frequency of the signal. Thisis
because microcontroller can accommodate different frequency of input and transmit in
another frequency. The receiving and transmitting of the signal using a microcontroller

can be controlled using the program. The only disadvantage is the cost.
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5.7 Microcontroller
Due to time constraint, the development of the microcontroller isincomplete. The
development of the microcontroller is connected between the RS-232 circuit and the
signal processing circuit. The microcontroller is used to receive the signal from the signal
processing circuit at 16ms per duty cycle and transmit to the computer at 9600 baud rate.
The development of the microcontroller involves the following steps:

1. The selection of the microcontroller

2. The connection of the microcontroller

3. The programming of the microcontroller

4. Thetesting of the microcontroller

5.7.1 Selection of microcontroller
There are three features require of the microcontroller:
1. With aserial interface to the computer
2. Withat least 3 input port
3. Withinternal timer
The 16PI1C628 microcontroller has the above features and in addition, this
microcontroller also have internal clock generator. This means it does not required a

crystal to generate a pulse as the clock of the microcontroller.
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iodi

Figure 5.15 A picture of the microcontroller 16PI C628A

5.7.2 The connection of the microcontroller
The connection of the microcontroller involves only three steps:
1. The 3 op-amp output is connected to the port B of the microcontroller from PB4
to PB6
2. TheRx, Tx and the Gnd from the serial cable from the computer are connected to
the Tx, Rx and Gnd of the microcontroller.
3. TheVssand Vpp is connection to the power supply circuit

Figure 5.12 shows the connection of the microcontroller.
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16PIC628A
1 18
2 17
3 16
4 15
5 14 Voo
5V
Gnd[>—VYss| 6 13 N
o | 7 12 [RB6  — o onampl
™ [ >—nr 8 11 |RB5 ]
Tx —<RB 7 o/p op-amp 2
rRx [>———— 9 10 (RB2  — obop-amp3

Figure 5.16 Circuitry of the microcontroller 16PI C628A

Figure 5.17 A picture of the microcontroller 16PIC628A programmer circuit

5.7.3 The programming of the microcontroller

The programming of the microcontroller required much time due to the limitation of the

programming instruction type and the program instruction. Hence, the development of

the microcontroller halts at this point but the flow of the program is developed.

Initialization of the program includes the following steps:
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1. Clear the ports (A and B)

2. Turn off the comparator

3. Enablethe pin

4. Configure port B as output

5. Turnonthe interrupt of port B (RBIF interrupt)

6. Turnonthe USART (Tx)

7. Set the baud rate of transmission

8. Turnonthe USART (Rx)
The main program includes two routines:

1. Theroutine to receive the signal

2. Theroutine to transmit the signal
The frequency involves in the signal receiving and the frequency to transmit is different.
Thisrequires atimer (Timer 0) and the RBIF interrupt. The interrupt is activated when
thereis a change of statusin the signal received from the input of the op-amp. Thetimer

is used when there is no change of state from the input of the op-amp.

5.8 Problem encountered and Recommendations
There are three problems encountered in the development of the interface circuit that

contribute to the incompletion of the project.

Problem 1

The development of the signal processing circuit for the interface circuit required a huge

amount of components. The input of the LCD has 33 pins which required a 99 op-amp to
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achieve the full interface circuit. These have not included the parallel to serial 1C that is
required to convert paralel to serial which isthen connect to the limited amount of
microcontroller.

Solution

The development of the signal processing circuit is reduced to using only 3 op-amps
which is connected to a pin. This reduced circuit serves as a prototype for the actual

circuit.

Problem 2
The time required to develop the microcontroller is longer then expected. Thisis due to:

1. The microcontroller used for the project required a different set of program
instruction.

2. The program instruction of the microcontroller is limited. It increases the
difficulty of writing the program. For instance, the program instruction does not
have a compare instruction that the comparison of a byte with another byte.
Instead, the program uses a bit detection instruction that check for only a bit ina
byte. The program instruction also does not have a condition branch. Instead, it
has a definite branch.

Solution
Testing isincluded in the circuit to simulate the expected result. The program also

includes a simulation of the possible data received from the interface circuit.
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Problem 3

The development of the circuit between the microcontroller and RS-232 1C has not
completed. The RS-233 is used to connect between the microcontroller and the computer.
Solution

The RS-232 circuit is developed using the MAX-RS-232 with 5 1uF capacitors. A
simulation of the RS-232 circuit is made using a pulse generator to transmit asignal from
the input of the RS-232 and this signal is acknowledged by atest program of the RS-232

in the computer.

5.9 Testing of thecircuitry
Many parts of the system are affected by the incompletion of the interface circuit. Testing
Is developed in each individual areato test the functionality of each area. The testing
includes:
1. Thetesting of the power supply
Testing is carried out using a voltage meter and measure the voltages of the output of
the power supply created using 7805 and resistors.
2. Thetesting of the signal processing
Testing is carried out in the output of the op-amp and observed the waveform using
an oscilloscope.
3. Thetesting of the RS-232 circuit
The signal istested in two steps. Firstly, apulse is applied to the input of the Rx using
apulse generator and observed the output of the Rx using an oscilloscope. The same

process is repeated to the other Rx and two Tx. Secondly, the circuit is connected to

69



Interface Circuit Chapter 5

the computer via a serial cable and test the acknowledge signal using a RS-232 test

program.

5.10 Conclusion

The development of the interface circuit involves the design of the circuits, the selection
of the type of components, the selection of the chip and the connections of the circuits.
Due to the problem encountered to develop the microcontroller circuit, the workability of
each circuit istested. The next chapter will illustrate the development of the program

used to interpret the signal into useful health information.
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Chapter 6

Program

6.1 Introduction

The last task of the project isto establish a program to interpret the data received from
the equipment through the interface circuit. The program aims to interpret the data into
useful information that can help doctor or user to understand the health condition and

identify critical health condition.

6.2 Programming tool
To develop the program, the programming language is important. There are numerous
programming languages that can be used for the project. This includes:

1. C++ programming

2. Visua basic programming

3. Web page programming

4. Javaprogramming
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The Visual Basic is selected for the program development tool for this project because:
1. Visual basic provides computer generated code for Graphical User Interface.
This feature reduce the need for the programmer to write code for the design of the
layout and components of the Graphical User Interface
2. Visual basic allows import of system file for application program

This feature allows programmer to link system source file with the program.

6.3 Program development
There are two approaches in developing the program:
1. Providing Graphical User Interface
Graphical User Interface of the program includes providing interactive to the user.
2. Program for application
The program is required to establish the communication between the external source

and the computer.

Primary task of the program includes
1. User particulars
2. Datareceiving
3. Dataprocessing

4. Data presentation
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6.3.1 Layout of program
The layout of the programis the initial setting of Graphical User Interface. The option for
the layout of the program depends on the application and the programmer:
This includes:
1. Creating a main form and having the minor pages created within the main form
2. Creating a Tab control with tabs as the number of pages
3. Creating aTree View that display the structure of the program

4. Creating amain menu that select individual page

The program for this project uses a Tab control layout. This tab control allows user to
select the tab and change from one page to another. Tab control is useful for a program
that has a small amount of pages and each page has a distinct purpose. Tab control is also

suitable for progressive application.

6.3.2 User particulars
Thefirst task isto create Graphical User Interface for user particulars. The setting of the
Graphical User Interface for user particular will depend on the marketing direction of the
product of the project. There are two directions:
1. Theproduct is for single user
If the product is for one person then the user particular will be entered once only. This
mean the next start up of the program will advance to the downloading tab of the
information display tab.

2. The product is for multi-user
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If the product is for more than one person then the program will have to include user
select feature. Security will have to be included for more than one user as health

information is private.

The marketing of the product targetsto reduce the cost of the product, in order to
encourage more people to purchase the product. When more people purchased the
product implies that more people will be practicing self- measuring of the health.

Therefore, the program of the project customizes to be suitable for single user.

The first and second tab of the program contains the user particular. The first tab isto

allow the user to enter user’s particulars.

™ Blood pressure and Heart rate monitoring program

l Particulars Confirm l Dovwwnload ] Data l Graph l Prirt ]

New User
User Mame
First Name : Family Name :
Sex Address

Address :
+ Male " Female
Age Group
15 - 20 -
Contact Post Code : |
Home : City - |
| Country : |
Mobilephone :
Figure 6.1 Tab 1 of the program
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The second tab is a confirmation tab that contains all the information that is being entered

in the first tab.

™ Blood pressure and Heart rate monitoring program

Co&X

l Do milovaicd ] Data l Graph] Prirt ]
Your Name : 0 M 00 -
Age Group : |25 -0
Address : ¥ HIO0EKH Xxxx Street
Post Code : |>;};}{>{
City : Toowoomba
Country : |Austra|ia
Home : Bt
- Mobilephone :  |yyssoonnoo -
Figure 6.2 Tab 2 of the program

When the next button is hit, the user particular will be stored into afile format. In every

start up of the program, the program will load the user particular and skip the first and

second tab and advance to the third tab.

6.3.3 Data receiving and Data processing

Tab 3 isthe ‘Download’ tab which is responsible for data receiving and data processing.

Due to the time limitation and design restriction (More detail will be provided in chapter
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5), the actual communication between the interface circuit and the program is not

established. Instead, a simulation of the possible data is presented.

6.3.3.1 Datareceiving

The program includes a feature to check for the communication port.

% Blood pressure and Heart rate monitoring program [Z||E|rg|

Particulars Entry ] Particulars Confirm  Dowwnload lData ] Graph l Print ]

Check for Portz |

Download

[ |

Figure 6.3 Tab 3 of the program

When the button ‘ Check for Ports' is pressed, the program scans the communication port
of the computer and displays the portsthat are available for communication. The
communication port that is available for communication will be checked in checklist box

beside the button.
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6.3.3.2 Data processing

Assume all the data are received and all received data from the interface circuit is
logic’l’ and logic’'0’; there should be 99 set of data and each set of data contains 8 bits.
After signal processing of the interface circuit, the signal from the 33 inputs of the LCD
will be converted into 3 set of signal from each input. Taking 33 multiple by 3, it will
form the 99 set of datathat will be transmitted to the computer. The 99 set of data will
form an array of 3 x 33(i x j). The (j) represents the pin that produces that data whereas

the (i) represents the data that is be converted by the interface circuit.

As all the signals are taken from the input of the LCD,
1. Eachfirst set of dataof i (if i = 0) represent the signal from the op-amp 3
Logic’1l’ inthe data represents GND in the signal from the inputs of the LCD
2. Each second set of dataof i (if i = 1) represent the signal from the op-amp 2
3. Eachthird set of dataof i (if i = 2) represent the signal from the op-amp 1
Logic’1l’ inthe datarepresents V| cp in the signal from the inputs of the LCD
These sets of data are from the segment outputs which have not been processed with the
common output. The first task of the program isto simulate COM — SEG. When COM —
SEG, there is a co-relation between the common output signals, the bit and voltage level
of the segment signal. Only the first four bit from the first set of data and the last four bit
of the third set of data are related to the common output signal. Hence, only these bits are

required to be processed by the program.
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Common outputs First set of data Third set of data
COMO Bit 7 Bit 3
COoM1 Bit 6 Bit 2
COM?2 Bit 5 Bit 1
COM3 Bit 4 Bit 0

Table 6.1 Thereation between the bit and the common outputs

When common output — segment output, only segment outputs with voltage level of OV, -

Vicp and V cp are of concern to the LCD. Voltages between these three levels will create

a‘Don’'t Care situation for the LCD. Taking the relationship of the common output, bit

and voltage of the signal from the input of the LCD into account, the program is required

to detect logic ‘1’ of the first four bit of first set of data and the last four bit of the third

set of data.

Through chapter four, it illustrates that the LCD reguire two segment to control each

segment display (7 segments and a dot). Hence, the program is required to take into

account the pins that are used to display the segment.
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Parameter Pins [ Display
syspressure | 32 3 3% numerical figure
31 4
30 5 2" numerical figure
29 6
28 7 1% numerical figure
diapressure | 27 8 2" numerical figure
26 9
25 10 1% numerical figure
24 11
Pulse 23 12 3% numerical figure
22 13
21 14 2" numerical figure
20 15
19 16 1% numerical figure

Table 6.2 The function table of the parameters, display, pinsand the array (i)

The program will have two tasks in data processing.

1. ldentify the bit that presents the segment on the display

2. ldentify the number of segment that presentsthe figure that is on the display.

6.3.4 Data presentation

Two tabs are associated with data presentation, Tab 4 and 5. Tab 4 is used to display alist

of the health information. This includes;

1. Sysp
2. Diap
3. Pulse
4. Date

5. Time

ressure

ressure
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This information is sorted by the reading number. The ‘Load Data’ button will re-load the

information.

= Blood pressure and Heart rate monitoring program [:||E|rg|

Particulars Entry | Particulars Confirm ] Dowenlogd LA \ Graph l Print ]
Resdings Mumber | =vs | Dia |Puse | Date | Time
1 1582 &g 103 12-Aug 20001
2 145 g3 5] 12-Aug 20003
3 136 gz a7 12-Aug 20005
4 125 g3 i) 12-Aug 20:07
5 176 75 124 12-Aug 2015
B 139 g2 95 12-Aug 2017
7 134 78 &9 12-Aug 20:19
g 125 79 g5 12-Aug 20024
9 158 77 113 12-Aug 2025
10 143 73 103 12-Aug 20:27
11 133 T4 a5 12-Aug 20:29
12 126 76 a0 12-Aug 2003
13 162 g5 120 12-Aug 20041
14 144 78 103 12-Aug 2043
15 123 &0 a5 12-Aug 20045
16 121 T g6 12-Aug 20047
17 112 78 a7 12-Aug 20:49
18 126 &1 &S] 12-Aug 20:51

| -

Figure 6.4 Tab 4 of the program

Tab 5isagraphical display of the health information in Tab 4. Initial loading of the
graph will display the sys pressure, dia pressure, and the pulse in the same graph. The x-
axis of the graph will be the reading number and the y-axis will be the value of the
parameter. The left y-axis will read the sys pressure and dia pressure value whereas the

right y-axis will read the pulse value.
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= Blood pressure and Heart rate monitoring program E||E|E|
200 200
180 ‘\ 180
160 f /\ /‘\ 160
140 / \ A N 140
e \j o \\-
120 - 120
A aANER
poy
T 100 4+ \,‘_ e 7 (LCT
= q‘“ﬁ— ™ [
&0 g0 - [l
B0 B0 == PLLSE
40 40
20 20
0 1]
=lalglzleleglelelglelclalelslolele e
[T 1 = = =B - R A
Readings
Figure 6.5 Tab 5 of the program

6.4 Additional feature of the program
The additional feature of the program is aim to improve the user friendliness of the

program.

6.4.1 Start-up page
In every start up of the program, a start up page will present the title of the program with
the creator’s name. After two seconds, the start up page will close and start the main

program.

81



Program Chapter 6

6.4.2 Tab 1 User particular

Inthistab, all the particulars are entered through text box except twp particulars, * Sex’
and ‘Age Group’. The*Sex’ uses aradio button function as there are usually only two
possible option, ‘Male’ or ‘Female’. The *Age Group’ uses combo box function. This

provides a list of preset category for the user to select.

6.4.3 Tab 2 User particular
All the particulars in this tab are marked. User cannot edit the user particular from this
tab. User will have to hit the *Back’ button or use the tab function to get to tab 1 and do

the editing.

6.4.4 Tab 4 Data

Thistab includes a feature that allows user to delete the datain listed data. The user is
required to select the particular readings to delete and hit the * Delete’ button. The
program will delete the reading from the list, reduce the reading number by 1 and re-
arrange the list. The program will also delete that reading from the file that stored the

health information.

6.4.5Tab 5 Graph
There are four buttons in the tab that is used to change the graph presentation, ‘Load SY S
Graph’, ‘Load DIA Graph’, ‘Load PULSE Graph' and ‘Load All Graph'’.

1. ‘Load SYS Graph’ will display the graph using only the sys pressure value.

2. ‘Load DIA Graph' will display the graph using only the dia pressure value.
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3. ‘Load SY S Graph’ will display the graph using only the pulse value.
4. ‘Load SYS Graph' will display the graph using sys pressure, dia pressure and

pulse value.

6.4.6 Tab 6 Print

There are four option is Print tab, ‘ Print Health Information’, ‘ Print Health Information
with Particulars’, ‘Printer Setup’ and ‘Print Preview’. ‘Print Health Information’ allows
user to print the health information. ‘ Print Health Information with Particulars allows
user to print health information and user particular. The ‘Printer Setup’ allows user to

setup the printer for printing and ‘Print Preview’ allows preview of the itemsto print.

6.5 Problem encountered and Recommendations

Due to the incomplete development of the interface circuit, the program development is
also affected. The objective of receiving the signal from the equipment through the
interface circuit could not be achieved. A simulation of the possible data received through

an input file.

6.6 Testing of the program

The testing of the program includes:
1. The communication port testing
The Tab 3 of the program also includes a button to test the availability of the port
which can be used for communication between the interface circuit and computer.

2. Theinterpretation of the input data from an input file
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The Tab 3 of the program is used to present a smulation of the program interpretation.
Inthe Tab 3, it includes 3 list boxes. The first and the third list box from the left will
display the data from the input file. The list box in the middle will display the number
of segment that is lighted and follow by the actual value of the combination of the
segment.

3. Testing of the user particular

The program includes GUI that allow user to enter the particular into the program.

Ambiguous information is used to test the saving and the transfer fromtab 1 to tab 2.

6.7 Graph Presentation
The graph in Tab isrequired to present useful information for the doctor and user. The
presentation of the graph provides:
1. Alert about the control limit of the blood pressure and pulse
2. Thetrend on the rate of change of the blood pressure and pulse
3. Thetrend on the rate of the rate of change of the blood pressure and pulse
This information presented in the graph allows doctor or the user to have a clear picture

of his/her health.

6.8 Limitation of the product

The product of the project targets for home user. The program is also customized for
single user. This allows the user to have privacy on his’/her health information. This limits
the blood pressure monitor for individual. It is not suitable for use in incentive situation

where there is need to critical need on the accuracy of the value of the parameter.
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6.9 Conclusion

The program is responsible for the interpretation of the information from the equipment
through the interface circuit. This chapter illustrated the programming tool, the layout of
the program, the function of each Tab in the program and the simulation of the
information using an input file. Graph presentation and limitation of the product are also

included in this chapter. The next chapter concludes the project.
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Chapter 7

Conclusion

7.1 Introduction

The project aims to develop a system to Monitor, Analyse and Report health data
captured during exercise. The project is not able to achieve all the objectives due to the
limitation of time and the complication of developing the system. This chapter will

discuss the objectives achievement and further work.

7.2 Objectives and achievement
The objectives are achieved through the research of the topic and development of the

system.
7.2.1 Theresearch of the topic

The research of the project includes two parts:

1. The background research of the topic
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Background research isthe initial step for all projects. It is a processto gather
information regarding or related to the topic of the project. A research is conducted
before the development of the project and the following items are gathered:
a. Thehealth of Australians in terms of economy and population
b. The cardiovascular disease
c. Thefunction and structure of cardiovascular system and its components
which are the heart, blood vessels and blood
d. The equipments used to measure parameters of the components of the
cardiovascular system

e. Thecurrent blood pressure monitor on the market

2. Theresearch on the technical information
a The technique and information of signal processing
b. The components of developing circuitry
I.  Power supply circuit
li. Signal processing circuit
lii. Parallel to series circuit
Iv. RS-232 circuit
v. Microcontroller circuit
c. The programming tools

d. The programming code and programming technique
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7.2.2 The development of the system

The developments of the system involve:
1. Purchasing of the select blood pressure monitor
It involves the selection of the parameter of health information, the equipment to
measure the parameter, the market product of the equipment and the different model
of blood pressure monitor from Omron.
2. Investigation of the blood pressure monitor
The investigation includes the components of the equipment, the function of the
components, the characteristic of the microcontroller and the signal from the input of
the LCD.
3. The selection of the components required for the interface circuit
The selection of the components includes the type of component, the chip for those
components and the design of the circuit.
4. The development of the interface circuit
The development includes the connection of the chips a testing of the connection.
5. The selection of the programming tool for the program
The visual basic is a better programming tool for this project due to the QUI and the
application programming festure.
6. The programming of the program for the system
The design of the program involves the design of the structure, the design of the

layout, the style of programming and the selection of the code required.
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7.2.3 The problem encountered

The unresolved issue of the project includes:
1. Thedeveloping of the microcontroller
The microcontroller isacritical component between the signal processing and RS-
232 circuits. The detail of the microcontroller is discussed in chapter 5.7. The
incomplete of the development of the microcontroller affected the development of the
interface circuit and the program. Countermeasures of the program include creating

simulation of the possible outcome and testing to output of all the circuit.

7.3 Further Work

The project leaves many rooms for improvement. The further work includes:
1. Complete the development of the signal processing circuit and the interface

circuit

This involves the mass production of the signal processing circuit and the
development of the microcontroller. The signal processing circuit developed in this
project is only a prototype of the 33 circuitry.
2. Integrating the system with other equipment
This project selected the blood pressure and the pulse as the parameter. The project
can develop to include more measuring equipment like blood content measuring
equipment and heart rate meter.
3. Improve the user friendliness of the program
The presentation of the program still has rooms to improve. The font for example is

too small for visual. There are also too many information listed in asingle Tab. The
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program can be improved by changing the layout or the characteristic of the program

parameters. The program can also introduce other interpretation of the information

and present it differently.

4. Develop a blood pressure monitor with another microcontroller that has more
LCD segment outputs and UART feature

The microcontroller in 1A2 does not have sufficient output port for the LCD and

serial interface. A possible method will be to devel op the blood pressure monitor with

another microcontroller.

5. Develop the program that allow interaction with the internet

The program can have additional feature that alow the interaction with the internet.

This allows the user to send the medical information to a doctor. This keep the doctor

updated about the health of the user.

6. Develop the program with a blood pressure monitor with downloading capability

The development of the system can be shortened by purchasing a blood pressure

monitor with downloading capability.

7.4 Conclusion

The development of the project has encountered many difficulties due to the complication
of the microcontroller of the |A2 but the overview of the project is very prospective. The
research of the background has concluded that this project is important to promote self-
measuring of health for al users and many of the health information requires better
presentation to improve the interpretation. Self-measuring of health raise awareness of

the user health and improved interpretation of the health information improve diagnosis
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of the health. Both aims to improve the health of Australians and reduce the cost of

medical expense due to cardiovascular disease.
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University of Souther n Queensland
Faculty of Engineering and Surveying

ENG 4111/2 Research Project
Project Specification

For: Faculty of Engineering and Surveying

Topic: A monitoring, analysis and reporting system for health data captured during
exercise

Supervisor: Dr Selvan Pather

Background: Over the years many efforts have being contributed to aid the aged
population, but improvements in this area seem not to benefit much. This group of
peoples has to raise awareness of the health of oneself. The project objective isto develop
device to monitor health indictors.

The Cardiovascular system in our body is agood indicator of the health. The
cardiovascular system consists of the heart, the blood and the blood vessels. The
measurement of the heart rate and blood pressure will be indicators of well being of
health.

Program: Issue: 1 (28 March 2005)

1. Define the objective and tasks of the project.

2. Statethe Requirement, Restriction and Resources of Project.

3. Research the critical parameters, measuring device type and current devicesin the
market.

4. Investigate the interface of each device. (The storage system of device and the
interface to computer)

5. Create ideas several possible system and selection of the most suitable system

6. Develop and test the interface and software between the device and the computer

Astime permits.
7. Evaluate the Design and minor improvement to the system
8. Incorporate other devicesto the system

Specification drafted by Dr Selvan Pather (Supervisor)
Andy Law Boon Lee
D10349257
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Recorded Readings

B1 1% Reading

1% reading

Each 2 Duty

1 reading from the input of the LCD

1

pins

10
10
11
11
12
12
13
13
14
14
15
15
16
17
18
19
20
21

22
23
24
25
26
27
28
29
30
31

32

33
34
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Recorded Readings

B2 2" Reading

2" reading

Each 2 Duty

2" reading from the input of the LCD

Pins

10
10
11
12
12
13
14
14
15
15
16
17
18
19
20
2]

22
23
24
25
26
27|
28
29
30
31

32

33
34
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Recorded Readings

B3 3% Reading

3 reading

Each 2 Duty

20

3“ reading from the input of the LCD

Pins

10
10
11
11
12
12
13
13
14
14
15
15
16
17
18
19
20
2]

22
23
24
25
26
27|
28
29
30
31

32

33
34
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Recorded Readings

B4 4" Reading

4™ reading

Each 2 Duty

4" reading from the input of the LCD

Pins

10
11
12
13
14
15
16
17
18
19
20
2]

22
23
24
25
26
27|
28
29
30
31

32

33
34
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B5 Thedisplay on the LCD of thereadings
1% reading 2" reading
SYS 134 SYS 144
DIA 87 DIA 84
PULSE 60 PULSE 59
Date 8/15 Date 8/15
Time 3:20 Time 3:19
PM/AM PM PM/AM PM
Memory Symbol Yes Memory Symbol Yes
Average Symbol No Average Symbol No
Movement Symbol No Movement Symbol No
Battery Low Symbol No Battery Low Symbol No
Irregular Heart Beat Symbol No Irregular Heart Beat Symbol No
Deflation Symbol No Deflation Symbol No
3" reading 4" reading

SYS 176 SYS 140
DIA 75 DIA 85
PULSE 124 PULSE 59
Date 8/8 Date

Time 5:22 Time

PM/AM PM PM/AM

Memory Symbol Yes Memory Symbol Yes
Average Symbol No Average Symbol Yes
Movement Symbol No Movement Symbol No
Battery Low Symbol No Battery Low Symbol No
Irregular Heart Beat Symbol Yes Irregular Heart Beat Symbol No
Deflation Symbol No Deflation Symbol No

Display on LCD of the 4 readings
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T 1 t
1pF 1~ 16
] ) Vee ~CwF
1HF 1 Cl+ V+ 2
T 3| c1-
| 4| co+ V-| 6
5| c2-
WE 7 11| T1in  Tlout| 14 lJ/—luF
‘ 10| T2in  T2out| 7
12 | Rlot R1lin|-13
9| R2out R2inl-8
GND
l 15
GND'
RS-232 CIRCUIT
Date: 20\ 10\ 2005
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Section A-A
I Rl ! R R3 R4
o | 7805 ; ;
Supply : :
from |  TTTTTTToT
batteries
GND 3V 1.8V 0.6V
Circuitry of power supply
Section A-A _ _ .
Resistor Trimpot Resistor
100kQ 50kQ 100kQ
Co

Circuitry of R1, R2, R3and R4

POWER SUPPLY CIRCUIT

Date: 20\ 10\ 2005
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@

Col

Co>—+
S Op-amp 1
g R
g Co2

) 0
Signa
£ = o2
g GND ? Op-amp 2 P
= 3 )
S
g
% L | Co3
= Lo—+
o Olp3
= Op-amp 3
ov

SIGNAL PROCESSING CIRCUIT

Date: 20\ 10\ 2005
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Olp from | Constant
lse 2
Op-amp Pull up 10 puise
resistors 11 | Do ps
:l:l 12 | D1
 — 13 | D2 74HC165
— 14 | D3
— 3 D4
— 4 D5
— 5 D6
6 D7 Q7.9 ,
—|:|—1 PL Q7H7 Microcontroller
CP CE
Constant 2 15
puse  >———

74HC165 CIRCUIT

Date: 20\ 10\ 2005
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16PIC628A

Gnd M

Tx%
Rx [ O>——

18
17
16
15
14
13
12
11
10

O©CoO~NOOOUOTA WNPE

VDD_<:|5V

% o/p op-amp 1
—G -
RBA4 o/p op-amp 2

——— | o/pop-amp 3

MICROCONTROLLER CIRCUIT

Date: 20\ 10\ 2005
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title "PIC16F628 counting program”

list p=16f628,f=inhx32
#include <p16f628.inc>

: This “header file” contains all

; the PIC16F628 special function
; register names and addresses.

D.1 Definethevariable

count equ 0x20
temp equ 0x21
MAX equ 0x22
dcount equ 0x23

org 00h

goto Start
org 04h

goto Interrupt
org 1Ch

D.2 Initialize the program

Start

BCF STATUS, RP1
BCF STATUS, RPO
movIw 0x00

movwf PORTA
movwf PORTB
MOVLW 0x07
MOVWF CMCON

BCF STATUS, RP1
BSF STATUS, RPO
movIw 0x00

movwf TRISA
movlw OxFF
movwf TRISB
moviw 0x88

movwf INTCON

moviw 0x24
movwf TXSTA
movlw 25
movwf SPBRG

BCF STATUS, RP1

;reset vector

;interrupt vector

:Select BankO
;Clear W register
:.clear PORTA
:.clear PORTB

;Turn comparators off and

;enable pins for 1/0

; Select Bank1
;Clear W register

;config PORTA as outputs
;config PORTB as inputs

;turn on PORTB change interrupt

:BRGH =1
s turnon USART TX
:BCF STATUS, RP1

; X with INT RC4MHz + BRGH =1
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BCF STATUS, RPO
moviw 0x80
movwf RCSTA

D.3 Initializethe variable

Init
BCF STATUS, RP1
BCF STATUS, RPO
clrf count
clrf temp
clrf MAX

IncCount
moviw 0x18
movwf MAX
movwf count

D.4 Counter

IntCount1

movfw MAX
subwf count
decfsz count,0
goto getdata
movfw MAX
movwf count
goto IntCountl
goto waitnext

moviw PORTB
goto IntCount1

D.5 Data processing

getdata

moviw PORTB
movwf temp

rif temp,0
movfw temp
andiw 0xe0
movwf temp
decfsz MAX,1
goto IntCountl
goto waitnext

: Select BankO

:turnon USART + RX

:Select BankO
:clr count
;clr temp

;00011000 3 x 8 = 24 set

;decrement MAX by 1 if =0 nextset if =1 getdata

;Ioop

;buffer

;right shift 1 bit

;move to working register

;11100000 to remove other 5 bit

;move to store

;decrement MAX by 1 if =0 nextset if =1 getdata
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waitnext

moviw PORTB
btfss PORTB,0
goto waitnext

goto IncCount ;loop

D.6 Recelve data

Interrupt

delay

NOP
NOP
NOP
NOP
NOP
NOP
NOP

movfw PORTB
movwf temp

rif temp,0
movfw temp
andlw Oxe0
movwf temp

movfw temp
movwf TXREG

bcf INTCON, RBIF
retfie

end

;read portb
;check for the next button(hardware)

‘buffer
;right shift 1 bit

;move to working register
;11100000 to remove other 5 bit

;move to sore

; clear PORTB change
; send byte on serial TX
; clear RBIF portb change flag

; return from interrupt

;end of assembly
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E1 New User.vb

Public d ass frmmewuser
I nherits System W ndows. Forns. Form

Structure structUser
<VBFi xedString(25)> Dim FirstName As String
<VBFi xedString(25)> Dim Last Nane As String
<VBFi xedString(6)> Dim Sex As String
<VBFi xedString(20)> Dim AgeG oup As String
<VBFi xedString(35)> Dim Address As String
<VBFi xedString(20)> Di m Post Code As String
<VBFi xedString(20)> DmCity As String
<VBFi xedString(20)> Dim Country As String
<VBFi xedStri ng(20)> Di m HonePhone As String
<VBFi xedStri ng(20)> Di m Mobi | ePhone As String

End Structure

Structure userdata
<VBFi xedString(6)> Dimsys As String
<VBFi xedString(6)> DDmdia As String
<VBFi xedString(6)> Dimpul se As String
<VBFi xedString(10)> Dim datadate As String
<VBFi xedString(10)> Dimdatatine As String

End Structure

Structure userdatal
<VBFi xedString(6)> Dimsys As String
<VBFi xedString(6)> Dimdia As String
<VBFi xedString(6)> Dimpul se As String
<VBFi xedString(10)> Dim datadate As String
<VBFi xedString(10)> Dimdatatine As String

End Structure

D m sys1(7)
D m sys2(7)
D m sys3(7)
D mdial(7)
D mdi a2(7)
D m pul 1(7)
D m pul 2(7)
D m pul 3(7)

GEGEEEES

Dmarr(2, 32)

String
String
String
String
String
String
String
String

As String

Private Sub radfemral e_CheckedChanged(ByVal sender As System (bj ect,
ByVal e As System Event Args)
radmal e. Checked = Fal se
r adf emal e. Checked = True

End Sub

Private Sub radmal e_CheckedChanged(ByVal sender As System bject,
ByVal e As System Event Args)
radmal e. Checked = True
r adf emal e. Checked = Fal se

End Sub
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Private Sub btnnext dick(ByVal sender As System (bject,
System Event Args) Handl es bt nnext1l. dick
TabControl 1. Sel ect edTab = Part Confirm

Me. Text Box1l. Text = Me.txtfirstname. Text & " " &
Me. t xt fam | yname. Text
| f radmal e. Checked Then Me. Text Box2. Text = "Mal e"
| f radf emal e. Checked Then Me. Text Box2. Text = "Fenal e"

I f Me. cboagegroup. Sel ect edl ndex = 0 Then
Text Box8. Text = Me. cbhoagegroup. Text

El sel f Me. cboagegroup. Sel ect edl ndex = 1 Then
Text Box8. Text = Me. cbhoagegroup. Text

El sel f Me. cboagegroup. Sel ect edl ndex = 2 Then
Text Box8. Text = Me. choagegroup. Text

El sel f Me. cboagegroup. Sel ect edl ndex = 3 Then
Text Box8. Text = Me. choagegroup. Text

El sel f Me. cboagegroup. Sel ect edl ndex = 4 Then
Text Box8. Text = Me. cbhoagegroup. Text

El sel f Me. cboagegroup. Sel ect edl ndex = 5 Then
Text Box8. Text = Me. cbhoagegroup. Text

El sel f Me. cboagegroup. Sel ect edl ndex = 6 Then
Text Box8. Text = Me. cbhoagegroup. Text

El se : TextBox8. Text = ""

Me. Text Box3. Text = Me. t xt addr ess. Text
Me. Text Box4. Text = Me. t xt post. Text
Me. Text Box5. Text = Me.txtcity. Text
Me. Text Box9. Text = Me.txtcountry. Text
Me. Text Box6. Text = Me. t xt hone. Text
Me. Text Box7. Text = Me.t xt hp. Text

End Sub

Private Sub btnexit_ dick(ByVal sender As System bject,
System Event Args) Handl es btnexit.dick
Me. Di spose()
End Sub

ByVal e As

ByvVal e As

Private Sub btnprevious_Cick(ByVal sender As System bject, ByVa

e As System Event Args) Handl es bt npreviousl. dick
TabControl 1. Sel ectedTab = Part Entry
End Sub

Private Sub btnnext2 Cick(ByVal sender As System bject,

As System Event Args) Handl es btnnext2.dick

TabControl 1. Sel ect edTab = Downl oad

D m PRec As New struct User

DmstrFileNane As String

strFileNane = "currentuser.txt"

Fil eQpen(1, strFileNane, QpenMde. Qutput)

PRec. Fi rst Name = txtfirstname. Text

PRec. Last Nanme = txtfam | yname. Text

PRec. Sex = Text Box2. Text

PRec. AgeG oup = Text Box8. Text

PRec. Addr ess = Text Box3. Text

PRec. Post Code = Text Box4. Text

PRec. Gty = Text Box5. Text
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PRec. Country = Text Box9. Text
PRec. HomePhone = Text Box6. Text
PRec. Mbbi | ePhone = Text Box7. Text
WitelLine(l, PRec.FirstNane)
Wi teLine(l, PRec.LastNane)
Wi teLine(l, PRec. Sex)
WitelLine(l, PRec.AgeG oup)
Wi teLine(l, PRec.Address)
WitelLine(l, PRec.Post Code)
WiteLine(l, PRec.City)
Wi teLine(l, PRec.Country)
WitelLine(l, PRec.HonePhone)
Wi teLine(l, PRec.MbilePhone)
Fil ed ose(1)
| oaddat a()

End Sub

Private Sub btnload dick(ByVal sender As System Cbject, ByVal e As
System Event Args) Handl es btnl oad. d i ck

D m PRec As New struct User
DimstrFileName As String
strFileNane = "currentuser.txt"
Fil eQpen(1, strFileNane, QpenMde. | nput)
PRec = New struct User
I nput (1, PRec. First Nane)
I nput (1, PRec. Last Nane)
I nput (1, PRec. Sex)
I nput (1, PRec. AgeG oup)
I nput (1, PRec. Address)
I nput (1, PRec. Post Code)
Input (1, PRec.City)
I nput (1, PRec. Country)
I nput (1, PRec. HonmePhone)
I nput (1, PRec. Mobi | ePhone)
Fil ed ose(1)
Text Box1. Text
Text Box2. Text
Text Box8. Text
Text Box3. Text
Text Box4. Text
Text Box5. Text
Text Box9. Text
Text Box6. Text
Text Box7. Text

End Sub

PRec. FirstNane & " " & PRec. Last Nane
PRec. Sex

PRec. AgeG oup

PRec. Addr ess

PRec. Post Code

PRec.City

PRec. Country

PRec. HomePhone

PRec. Mbbi | ePhone

Private Sub frmewuser Load(ByVal sender As System Cbject, ByVal e
As System Event Args) Handl es MyBase. Load
If System IO File.Exists("currentuser.txt") Then
D m PRec As New struct User
Fil eQpen(1, "currentuser.txt", COpenMbdde. | nput)
I nput (1, PRec. First Nane)
I nput (1, PRec. Last Nane)
I nput (1, PRec. Sex)
I nput (1, PRec. AgeG oup)
I nput (1, PRec. Address)
I nput (1, PRec. Post Code)
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Input (1, PRec.City)
I nput (1, PRec. Country)
I nput (1, PRec. HonePhone)
I nput (1, PRec. Mobi | ePhone)
Fil ed ose(1)
Text Box1. Text
Text Box2. Text
Text Box8. Text
Text Box3. Text
Text Box4. Text
Text Box5. Text
Text Box9. Text
Text Box6. Text PRec. HomePhone
Text Box7. Text = PRec. Mobi | ePhone
TabControl 1. Sel ect edTab = Downl oad
If System IO File. Exists("currentuserdata.txt") Then
| oadgr aph()
| oaddat a()

End | f

El se
TabControl 1. Sel ectedTab = Part Entry

End | f

PRec. FirstNane & " " & PRec. Last Nane
PRec. Sex

PRec. AgeG oup

PRec. Addr ess

PRec. Post Code

PRec. Gty

PRec. Country

End Sub

Private Sub btnprevious2 dick(ByVal sender As System (bject, ByVal
e As System Event Args) Handl es bt nprevious2. dick

TabControl 1. Sel ect edTab = Dat abi spl ay

End Sub

Private Sub btnnext3 dick(ByVal sender As System Object, Byval e
As System Event Args) Handl es btnnext 3. dick

TabControl 1. Sel ect edTab = G aph

End Sub

Private Sub btnloadgra dick(ByVal sender As System Cbject, Byval e
As System Event Args) Handl es btnl oadgral. dick

D mdtaFil eNane As String

Dmi As String

Dimlength As |nteger

dtaFil eNane = "currentuserdata.txt"

Fil eQpen(1, dtaFileNane, QpenMde. | nput)
Do Wiile Not EOF(1)

I nput (1, i)
If i ="" Then
El se
length = length + 1
End | f
Loop
Fil ed ose(1)

length = length / 5

Dimcurdata As New userdata

D m dtacount As I|nteger

D m dt anunber As | nteger

dt anunmber = length

D m arr Dat a(dt anunber, 2) As Obj ect
curdata = New userdat a
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dtaFi |l eName = "currentuserdata.txt”
Fil eQpen(1, dtaFileNane, QpenMde. | nput)
arrbData(0, 1) = "Reading"
arrbata(0, 2) = "SYS"
For dtacount = 1 To dtanunber
I nput (1, curdata.sys)
I nput (1, curdata.dia)
I nput (1, curdata. pul se)
I nput (1, curdata. dat adat e)
I nput (1, curdata. datatine)

arrData(dtacount, 1) = "R' & dtacount
arr Dat a(dtacount, 2) = curdata.sys
Next
Fil ed ose(1)

MSChart 1. ChartData = arrData
Wth Me. MSChart 1. Pl ot
.SeriesCollection(l).DataPoints(-1).Brush.Fill Color. Set (0,

0, 0) 'Black
End Wth
End Sub

Private Sub btnloadgra2 Cick(ByVal sender As System (bject, ByVal

e As System Event Args) Handl es btnl oadgra2. dick

D mdtaFileNane As String

Dmi As String

Dimlength As |nteger

dtaFil eNane = "currentuserdata.txt"

Fil eQpen(1, dtaFileNane, QpenMde. | nput)

Do While Not EOF(1)

I nput (1, i)
If i ="" Then
El se
length = length + 1
End | f
Loop
Fil ed ose(1)

length = length / 5
Di m curdata As New userdata
D m dtacount As I|nteger
D m dt anunber As | nteger
dt anunmber = Il ength
D m arr Dat a(dt anunber, 2) As Obj ect
curdata = New userdata
dtaFil eNane = "currentuserdata.txt"
Fil eQpen(1, dtaFileNane, QpenMde. | nput)
arrbData(0, 1) = "Reading"
arrData(0, 2) = "D A"
For dtacount = 1 To dtanunber
I nput (1, curdata.sys)
I nput (1, curdata.dia)
I nput (1, curdata. pul se)
I nput (1, curdata. dat adat e)
I nput (1, curdata. datatine)
arrData(dtacount, 1) = "R' & dtacount
arrDat a(dtacount, 2) = curdata.dia
Next
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Fil ed ose(1)
MsChart 1. Chart Data = arrData
Wth Me. MsChart 1. Pl ot
. SeriesCol |l ection(1).DataPoints(-1).Brush.Fill Col or. Set (0,
0, 255) 'Blue
End Wth
End Sub

Private Sub btnl oadgra3 Cick(ByVal sender As System (bject, ByVal

e As System Event Args) Handl es btnl oadgra3. dick

D mdtaFileNane As String

Dmi As String

Dimlength As |nteger

dtaFil eNane = "currentuserdata.txt"

Fil eQpen(1, dtaFileNane, QpenMde. | nput)

Do While Not EOF(1)

I nput (1, i)
If i ="" Then
El se
length = length + 1
End | f
Loop
Fil ed ose(1)

length = length / 5
Dimcurdata As New userdata
D m dtacount As | nteger
D m dt anunber As | nteger
dt anunmber = Il ength
D m arr Dat a(dt anunber, 2) As Obj ect
curdata = New userdata
dtaFil eNane = "currentuserdata.txt"
Fil eQpen(1, dtaFileNane, QpenMde. | nput)
arrbata(0, 1) "Readi ng"
arrData(0, 2) " PULSE"
For dtacount = 1 To dtanunber

I nput (1, curdata.sys)

I nput (1, curdata.dia)

I nput (1, curdata. pul se)

I nput (1, curdata. dat adat e)

I nput (1, curdata. datatine)

arrData(dtacount, 1) = "R' & dtacount
arrDat a(dtacount, 2) = curdata. pul se
Next
Fil ed ose(1)

MsChart 1. Chart Data = arrData
Wth Me. MSChart 1. Pl ot
. SeriesCol |l ection(1). DataPoints(-1).Brush.Fill Col or. Set (0,
255, 0) 'Geen
End Wth
End Sub

Private Sub btnloadgrad4 Cick(ByVal sender As System (bject, ByVal
e As System Event Args) Handl es btnl oadgra4. dick
| oadgr aph()
End Sub
Private Sub | oadgraph()
D mdtaFil eNane As String
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Dmi As String

Dimlength As |nteger

dtaFil eNane = "currentuserdata.txt"

Fil eQpen(1, dtaFileNane, QpenMde. | nput)
Do Wiile Not EOF(1)

I nput (1, i)
If i ="" Then
El se
length = length + 1
End | f
Loop
Fil ed ose(1)

length = length / 5

Dimcurdata As New userdata

D m dtacount As I|nteger

D m dt anunber As | nteger

dt anunmber = | ength

D m arr Dat a(dt anunber, 4) As Obj ect
curdata = New userdata

dtaFil eNane = "currentuserdata.txt"

Fil eQpen(1, dtaFileNane, OpenMode. | nput)

arrbData(0, 1) = "Reading"
arrbata(0, 2) = "SYS"
arrData(0, 3) = "D A"
arrbata(0, 4) = "PULSE"

For dtacount = 1 To dtanunber
I nput (1, curdata.sys)
I nput (1, curdata.dia)
I nput (1, curdata. pul se)
I nput (1, curdata. dat adate)
I nput (1, curdata.datatine)
arr Dat a(dtacount, 1) "R' & dtacount
arr Dat a(dt acount, 2) cur dat a. sys
arr Dat a(dt acount, 3) curdata.dia
arr Dat a(dt acount, 4) curdat a. pul se
Next
Fil ed ose(1)
MsSChart 1. Chart Data = arrData

Wth MsChartl
. chart Type = MsChart 20Li b. Vt ChChart Type. Vt ChChart Type2dLi ne
. Legend. Locati on. Locati onType =
MBChar t 20Li b. Vt ChLocat i onType. Vt ChLocat i onTypeRi ght
. Legend. Location. Visible = True
End Wth
Wth Me. MsChart 1. Pl ot
. AXi s(MBChart 20Li b. Vt ChAxi sl d. Vt ChAxi sl dX) . Axi sTitle. Text =
" Readi ngs"

. Axi s(MSChart 20Li b. Vt ChAxi sl d. Vt ChAXxi sl dY). Axi sTitl e. Text
"l Hg”

. SeriesCol |l ection(1). DataPoints(-1).Brush.Fill Col or. Set (0,
0, 0) 'Black

. SeriesCol |l ection(2). DataPoints(-1).Brush.Fill Col or. Set (0,
0, 255) 'Blue

. SeriesColl ection(3).DataPoints(-1).Brush.Fill Color. Set (0,
255, 0) 'Geen

End Wth
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End Sub
Private Sub | oaddata()
If ListViewl.ltens. Count = Not hing Then
D mdtaFil eNane As String
Dmi As String
Dimlength As | nteger
dtaFil eNane = "currentuserdata.txt"
Fil eQpen(1, dtaFileNane, QpenMde. | nput)
Do Wiile Not EOF(1)

I nput (1, i)
If i ="" Then
El se
length = length + 1
End | f
Loop
Fil ed ose(1)

length = length / 5
Di m curdata As New userdata
D m dtacount As I|nteger
D m dt anunber As | nteger
dt anunmber = | ength
curdata = New userdata
dtaFil eNane = "currentuserdata.txt"
Fil eQpen(1, dtaFileNane, QpenMde. | nput)
For dtacount = 1 To dtanunber
I nput (1, curdata.sys)
I nput (1, curdata.dia)
I nput (1, curdata. pul se)
I nput (1, curdata. dat adat e)
I nput (1, curdata. datatine)
Li st Vi ewl. It ens. Add(dt acount - 1)
Li st Viewl. | tenms(dtacount - 1).Text = dtacount
Li st Vi ewl. | t ens(dt acount 1) . Subl t ems. Add( cur dat a. sys)
Li st Vi ewl. | t ens(dt acount 1) . Subl t ems. Add( cur dat a. di a)
Li st Vi ewl. | t ens(dtacount -
1) . Subl t ems. Add( cur dat a. pul se)
Li st Vi ewl. | t ens(dtacount -
1) . Subl t ens. Add( cur dat a. dat adat e)
Li st Vi ewl. | t ens(dtacount -
1) . Subl t ens. Add( cur dat a. dat at i ne)
cbonunberlist.|tens. Add(dtacount)
Next
Fil ed ose(1)
El se
End | f
End Sub

Private Sub btnnext4 dick(ByVal sender As System Object, ByVal e
As System Event Args) Handl es btnnext4.dick
TabControl 1. Sel ectedTab = Print
End Sub

Private Sub btnl oaddata Cick(ByVal sender As System (bject, ByVa
e As System Event Args) Handl es btnl oaddata. d i ck
| oaddat a()
End Sub
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Private Sub btnprevious3 dick(ByVal sender As System (bject, ByVal
e As System Event Args) Handl es bt nprevious3. dick
TabControl 1. Sel ect edTab = G aph
End Sub

Private Sub btnprevious4 dick(ByVal sender As System (bject, ByVal
e As System Event Args) Handl es bt nprevi ous4. dick
TabControl 1. Sel ect edTab = Part Confirm
End Sub

Private Sub btnnext5 dick(ByVal sender As System Object, Byval e
As System Event Args) Handl es btnnext5.dick
TabControl 1. Sel ect edTab = Dat abi spl ay
End Sub

Private Sub btndeldata dick(ByVal sender As System Cbject, Byval e
As System Event Args) Handl es bt ndel data. dick
Dimnsg As String
Dmtitle As String
Dmstyle As MsgBoxStyl e
Di m response As MsgBoxResul t
D m dtacount As I|nteger
Dmi As |nteger
Dimj As Integer
I f cbonunberlist. Sel ectedltem = Not hing Then
MsgBox(" Pl ease select a data to delete")
El se
nmsg = "Are you sure you want to renpve these data?"
style = MsgBoxStyl e. DefaultButton2 O _
MsgBoxStyle.Critical O MsgBoxStyl e. YesNo
title = "MsgBox Denonstration"” " Define title.
response = MsgBox(nsg, style, title)
I f response = MsgBoxResult.Yes Then
dtacount = cbhonunberli st. Sel ect edl ndex
Li st Vi ewl. | t ens. RenoveAt (dt acount)
j = ListViewl.tens. Count
For i = dtacount Toj - 1
ListViewl.ltems(i).Text = ListViewl.Itens(i).  Text -

Next
El se
End If
updat edat a()
End If

End Sub
Private Sub btneditdata Cick(ByVal sender As System (bject, ByVal
e As System Event Ar gs)

"Di m dtacount As |nteger
"Dimi As Integer
"Dimj As |nteger

"If cbonunberlist. Sel ectedltem = Nothing Then

MsgBox(" Pl ease select a data to edit")
"El se
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dt acount = cbonunberlist. Sel ect edl ndex
"ListViewl. | tenms(dtacount). Subltens. | sReadOnly = Fal se
"j = ListViewl.|tens. Count

"For i = dtacount To j - 1
"ListViewl.Itenms(i).Text = ListViewl.ltenms(i).Text - 1
" Next
" updat edat a()
"End If
End Sub

Private Sub updat edata()

DmstrFileNane As String

Dmi As |nteger

Dimj As Integer

strFileNane = "currentuserdata.txt"

Fil eQpen(1, strFileNane, QpenMde. Qutput)
j = ListViewl.Itens. Count

For i =0 Toj - 1
WiteLine(l, ListViewl.ltenms(i). Subltens(1). Text)
WiteLine(l, ListViewl.ltenms(i). Subltens(2). Text)
WiteLine(l, ListViewl.ltenms(i). Subltens(3). Text)
WiteLine(l, ListViewl.ltenms(i). Subltens(4). Text)
WiteLine(l, ListViewl.ltenms(i). Subltens(5). Text)
Next
Fil ed ose(1)
End Sub
Private Sub btndownl coad_C i ck(ByVal sender As System (bject, ByVal
e As System Event Args) Handl es bt ndownl oad. i ck
| oaddat ar aw()
sysfig()
sysnum()
diafig()
di anum()
pul fig()

pul numn()
End Sub

Private Sub | oaddataraw()
D mdtaFil eNane As String
Dmtenp As String
D m dtacount As Integer =1

Dmi As Integer =0
Dmj As Integer = 0
Dmk As Integer =0

Li st Boxtest.|tens. d ear ()
Li st Boxtest1l.Itens. C ear ()
Li st Boxtest2.Itens. C ear ()
dtaFi |l eNane = "currentuserdataraw. txt"
Fil eQpen(1, dtaFileNane, QpenMde. | nput)
For dtacount = 1 To 99

Input (1, tenp)

Sel ect Case (k)

Case O

arr(i, j) =tenp
Case 1

arr(i, j) =tenp
Case 2
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arr(i, j)
End Sel ect
i =j +1
If j = 33 Then
i =i +1
j =0
Elself i = 4 Then
Exit For
End | f
k =k +1
If k = 3 Then
k =0
End | f
Next
Fil ed ose(1)
End Sub
Private Sub sysfig()

= tenp

D m dtacount As I|nteger

For dtacount

Li st Boxtest.|tens. Add(arr (0, dtacount))
Li st Boxtest2.Itens. Add(arr(2, dtacount))

Next

m upi nal
m upi na2
m upi na3
m upi na4
m upi nbl
m upi nb2
m upi nb3
Di m upi nb4
Di m upi ncl
Di m upi nc2
i m upi nc3
m upi nc4
m upi nd1l
m upi nd2
m upi nd3
m upi nd4
m upi nel
m upi ne2
m upi ne3
m upi ne4

R G R GGG EGEGEEEEGE

D m | pi nal
Di m | pi na2
Di m | pi na3
D m | pi nad
Di m | pi nbl
Di m | pi nb2
Di m | pi nb3
Di m | pi nb4
Dim | pincl
Di m | pinc2

CEEEEEEEES

=0 To 32

I nt eger
I nt eger
I nt eger
I nt eger
I nt eger
I nt eger
I nt eger
I nt eger
I nt eger
I nt eger
I nt eger
I nt eger
I nt eger
I nt eger
I nt eger
I nt eger
I nt eger
I nt eger
I nt eger
I nt eger

I nt eger
I nt eger
I nt eger
I nt eger
I nt eger
I nt eger
I nt eger
I nt eger
I nt eger
I nt eger
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Dim | pinc3 As | nteger
Dim | pincd As |nteger
Dim | pindl As | nteger
Dim | pind2 As | nteger
Dim | pi nd3 As | nteger
Dim | pind4 As | nteger
Dim | pinel As |nteger
Dim | pine2 As | nteger
Di m | pine3 As | nteger
Dim | pined As |nteger
Dmi As Integer = 3
Dmj As Integer = 4
Dmk As Integer =5
Dml As Integer = 6
Dmn As Integer =7
upinal = arr(0, i) /
upina2 = arr(0, i) /
upina3 = arr(0, i) /
upinad4 = arr(0, i) /
Ipinal = arr(2, i) /
I pina2 = arr(2, i) /
I pina3 = arr(2, i) /
I pinad = arr(2, i)
upi nbl = arr(0, j) /
upi nb2 = arr(0, j) /
upi nb3 = arr(0, j) /
upi nb4 = arr(0, j) /
[ pinbl = arr(2, j) /
[ pinb2 = arr(2, j) /
[ pinb3 = arr(2, j) /
I pinbd = arr(2, j)
upincl = arr(0, k) /
upinc2 = arr(0, k) /
upinc3 = arr(0, k) /
upinc4 = arr(0, k) /
I pincl = arr(2, k) /
I pinc2 = arr(2, k) /
I pinc3 = arr(2, k) /
I pincd = arr(2, k)
upindl = arr(0, 1) /
upind2 = arr(0, 1) /
upind3 = arr(0, 1) /
upind4 = arr(0, 1) /
I pindl = arr(2, I) /
I pind2 = arr(2, I) /
[ pind3 = arr(2, I) /
I pindd = arr(2, 1)
upinel = arr(0, n) /
upine2 = arr(0, n) /
upine3 = arr(0, n) /
upine4 = arr(0, n) /

10000000
1000000
100000
10000
1000

100

10

10000000
1000000
100000
10000
1000

100

10

10000000
1000000
100000
10000
1000

100

10

10000000
1000000
100000
10000
1000

100

10

10000000
1000000
100000
10000
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| pinel = arr(2, n) / 1000
| pine2 = arr(2, n) / 100
| pine3 = arr(2, n) / 10

| pined = arr(2, n)

"for pin 3 for third digit
If upinal = 1 And I pinal = 1 Then
Li st Boxtest1l.Itens. Add("1a")
sys1(0) =1
End | f
If upina2 = 0 O Ipina2 = 0 Then
Elself upina2 = 1 O upina2 = 11 And Ipina2 =1 O Ipina2 = 11
Then
Li st Boxtest1l.Itens. Add(" 1b")
sysl(1l) =1
End | f
O 0 Then
=11 O upina3 = 111 O upina3d =

I f upina3 =
na
=11 C} I pina3 = 111 O |pina3 = 101 Then

El sel f upina3 =
101 And Ipina3 =1 O |
sysl(2) =1
Li st Boxtest1l.Itens. Add("1c")
End | f

0 | pi na3
a3 1 O upi
pi na3

If upinad = 0 O Ipinad4 = 0 Then
Elself upina4d =1 O upina4d = 11 O upina4 = 111 O upinad =
101 O upina4 = 1001 O upinad4 = 1011 O upinad4 = 1111 O upinad4 = 1101
And Ipinad =1 O Ipina4d =11 O Ipinad = 111 O |pinad = 101 O |pinad
= 1001 O Ipina4d = 1011 O Ipinad4d = 1111 O Ipinad4 = 1101 Then
sys1(3) =1
Li st Boxtest1l.Itens. Add("1d")
End | f
"for pin 4 for third digit
If upinbl =1 And I pinbl = 1 Then
Li st Boxtest1l.Itens. Add("1le")
sysl(4) =1
End | f
If upinb2 = 0 O Ipinb2 = 0 Then
Elself upinb2 =1 O upinb2 = 11 And Ipinb2 =1 O Ipinb2 = 11
Then
Li st Boxtest1l.Itens. Add(" 1f")
sysl(5) =1
End | f
If upinb3 =0 O
El sel f upinb3 =
101 And Ipinb3 =1 O |
sysl(6) =1
Li st Boxtest1l.Itens. Add("1g")
End | f
If upinbd = 0 O [pinb4d = 0 Then
El self upinb4d =1 O upinb4 = 11 O upinb4 = 111 O upinb4d =
101 O upinb4 = 1001 O upinb4 = 1011 O upinb4 = 1111 O upinb4 = 1101
And Ipinb4d =1 O Ipinb4d =11 O Ipinb4d = 111 O |pinb4d = 101 O | pinb4d
= 1001 O Ipinb4 = 1011 O Ipinb4 = 1111 O |pinb4 = 1101 Then
sysl(7) =1
Li st Boxtest1l.Itens. Add("1h")
End I f

Then
=11 O upinb3 = 111 O upinb3 =

nb3
upi
= I pinb3 = 111 O | pinb3 = 101 Then

| pinb3 = 0
1O i nb3
pi nb3 11 O
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"for pin 5 for third digit
If upincl =1 And Ipincl = 1 Then
Li st Boxtest1l.Itens. Add("2a")
sys2(0) =1
End | f
If upinc2 = 0 O Ipinc2 = 0 Then
Elself upinc2 =1 O upinc2 =11 And Ipinc2 =1 O Ipinc2 = 11
Then
Li st Boxtest 1. Itens. Add("2b")
sys2(1) =1
End | f
If upinc3 =0
El sel f up|n c3
101 And Ipinc3 =1 O
sys2(2) =
Li st Boxtest1l.Itens. Add("2c")
End | f
If upincd = 0 O Ipincd = 0 Then
Elself upincd =1 O upincd = 11 O upincd = 111 O upincd =
101 O upincd = 1001 O upincd = 1011 O upincd = 1111 O upincd = 1101
And Ipincd =1 O Ipincd =11 O Ipincd = 111 O |pincd = 101 O |pinca
= 1001 O Ipincd = 1011 O Ipincd = 1111 O Ipincd = 1101 Then
sys2(3) =1
Li st Boxtest1l.Itens. Add("2d")
End | f
"for pin 6 for third digit
If upindl =1 And I pindl = 1 Then
Li st Boxtest1l.Itens. Add("2e")
sys2(4) =1
End | f
If upind2 = 0 O Ipind2 = 0 Then
Elself upind2 =1 O upind2 = 11 And Ipind2 =1 O Ipind2 = 11

11 O upinc3 = 111 O upinc3 =
I pinc3 = 111 O | pinc3 = 101 Then

Ll ||

Then
Li st Boxtest1l.Itens. Add("2f")
sys2(5) =1
End | f
If upind3 =0 O Ipind3 = 0 Then
El sel f uplnd =1 O upind3 =11 O upind3 = 111 O upind3 =
101 And Ipind3 =1 O Ipind3d =11 O Ipind3 = 111 O |pind3 = 101 Then
sys2(6) =1
LlstBoxtestl Items. Add("2g")
End | f
If upindd = 0 O Ipind4 = 0 Then
Elself upindd =1 O upind4 = 11 O upind4 = 111 O upindd =
101 O upind4 = 1001 O wupind4 = 1011 O upind4 = 1111 O upind4 = 1101
And Ipindd =1 O Ipindd =11 O |pindd = 111 O |pind4d = 101 O | pind4d
= 1001 O Ipind4d = 1011 O Ipind4 = 1111 O |pind4 = 1101 Then
sys2(7) =1
Li st Boxtest1l.Itens. Add("2h")
End I f
"for pin 7 for third digit
If upinel =1 And I pinel = 1 Then
Li st Boxtest1l.Itens. Add("3a")
sys3(0) =1
End I f
If upine2 = 0 O Ipine2 = 0 Then
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Elself upine2 =1 O upine2 = 11 And Ipine2 =1 O Ipine2 = 11
Then
Li st Boxtest1l.Itens. Add("3b")
sys3(1) =1
End | f

If upine3 = 0 O Ipine
El self upine3 =1 O upi
101 And Ipine3 =1 O |pine3 =
sys3(2) =1
Li st Boxtest1l.Itens. Add("3c")
End | f

11 O upine3 = 111 O upine3d =
I pine3 = 111 O | pine3 = 101 Then

If upined = 0 O Ipined = 0 Then
Elself upined =1 O upined = 11 O upined = 111 O upined =
101 O upined4 = 1001 O upined4d = 1011 O upined = 1111 O upined4 = 1101
And Ipined =1 O Ipined =11 O Ipined = 111 O |pined = 101 O | pined
= 1001 O Ipined = 1011 O Ipined = 1111 O Ipined = 1101 Then
sys3(3) =1
Li st Boxtest1l.|tens. Add("3d")
End | f
End Sub

Private Sub sysnum()
Dimcurrdata As New userdatal
currdata.sys =0
"for pin 3 and 4 for third digit
If sys1(0) = 1 And sys1(1l) = 1 And sys1(2) = 1 And sys1(3) =0
And sysl1(4) = 1 And sys1(5) = 0 And sys1(6) = 1 And sysl(7) = 1 Then
"0

currdata.sys = currdata.sys + 0
End | f
If sys1(0) = 0 And sys1(1l) =1 And sys1(2) = 1 And sysl(3) =0
And sysl1(4) = 0 And sys1(5) = 0 And sys1(6) = 0 And sysl(7) = 0 Then
"1

currdata.sys = currdata.sys + 1
End | f
If sys1(0) = 1 And sys1(1l) = 1 And sys1(2) = 0 And sys1(3) =0
And sysl1(4) = 0 And sys1(5) = 1 And sys1(6) = 1 And sysl(7) = 1 Then
‘2

currdata.sys = currdata.sys + 2
End | f
If sys1(0) = 1 And sys1(1l) = 1 And sys1(2) = 1 And sys1(3) =0
And sysl1(4) = 0 And sys1(5) = 1 And sys1(6) = 0 And sysl(7) = 1 Then
'3

currdata.sys = currdata.sys + 3
End | f
If sys1(0) = 0 And sys1(1l) = 1 And sys1(2) = 1 And sysl(3) =0
And sysl1(4) = 1 And sys1(5) = 1 And sys1(6) = 0 And sysl(7) = 0 Then
"4

currdata.sys = currdata.sys + 4
End | f
If sys1(0) = 1 And sys1(1l) = 0 And sys1(2) = 1 And sysl(3) =0
And sysl1(4) = 1 And sys1(5) = 1 And sys1(6) = 0 And sysl(7) = 1 Then
"5
currdata.sys = currdata.sys + 5
End | f
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If sys1(0) = 1 And sys1(1l) = 0 And sys1(2) = 1 And sys1(3) =0
And sys1(4) = 1 And sys1(5) = 1 And sys1(6) = 1 And sys1(7) = 1 Then
'6

currdata.sys = currdata.sys + 6
End | f
If sys1(0) = 1 And sys1(1l) = 1 And sys1(2) = 1 And sys1(3) =0
And sysl1(4) = 0 And sys1(5) = 0 And sys1(6) = 0 And sysl(7) = 0 Then
"7

currdata.sys = currdata.sys + 7
End | f
If sys1(0) = 1 And sys1(1l) = 1 And sys1(2) = 1 And sys1(3) =0
And sys1(4) = 1 And sys1(5) = 1 And sys1(6) = 1 And sys1(7) = 1 Then
'8

currdata.sys = currdata.sys + 8
End | f
If sys1(0) = 1 And sys1(1l) = 1 And sys1(2) = 1 And sys1(3) =0
And sysl1(4) = 1 And sys1(5) = 1 And sys1(6) = 0 And sysl(7) = 1 Then
‘9

currdata.sys = currdata.sys + 9
End | f

"for pin 5 and 6 for second digit
If sys2(0) = 1 And sys2(1) = 1 And sys2(2) = 1 And sys2(3) =0
And sys2(4) = 1 And sys2(5) = 0 And sys2(6) = 1 And sys2(7) = 1 Then
‘0

currdata.sys = currdata.sys + 0
End | f
If sys2(0) = 0 And sys2(1) =1 And sys2(2) = 1 And sys2(3) =0
And sys2(4) = 0 And sys2(5) = 0 And sys2(6) = 0 And sys2(7) = 0 Then
"1

currdata.sys = currdata.sys + 10
End | f
If sys2(0) = 1 And sys2(1) = 1 And sys2(2) = 0 And sys2(3) =0
And sys2(4) = 0 And sys2(5) = 1 And sys2(6) = 1 And sys2(7) = 1 Then
‘2

currdata.sys = currdata.sys + 20
End | f
If sys2(0) = 1 And sys2(1) = 1 And sys2(2) = 1 And sys2(3) =0
And sys2(4) = 0 And sys2(5) = 1 And sys2(6) = 0 And sys2(7) = 1 Then
'3

currdata.sys = currdata.sys + 30
End | f
If sys2(0) = 0 And sys2(1) = 1 And sys2(2) = 1 And sys2(3) =0
And sys2(4) = 1 And sys2(5) = 1 And sys2(6) = 0 And sys2(7) = 0 Then
"4

currdata.sys = currdata.sys + 40
End | f
If sys2(0) = 1 And sys2(1) = 0 And sys2(2) = 1 And sys2(3) =0
And sys2(4) = 1 And sys2(5) = 1 And sys2(6) = 0 And sys2(7) = 1 Then
"5

currdata.sys = currdata.sys + 50
End | f
If sys2(0) = 1 And sys2(1) = 0 And sys2(2) = 1 And sys2(3) =0
And sys2(4) = 1 And sys2(5) = 1 And sys2(6) = 1 And sys2(7) = 1 Then
"6

currdata.sys = currdata.sys + 60
End | f
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If sys2(0) = 1 And sys2(1) = 1 And sys2(2) = 1 And sys2(3) =0
And sys2(4) = 0 And sys2(5) = 0 And sys2(6) = 0 And sys2(7) = 0 Then
"7

currdata.sys = currdata.sys + 70
End | f
If sys2(0) = 1 And sys2(1) = 1 And sys2(2) = 1 And sys2(3) =0
And sys2(4) = 1 And sys2(5) = 1 And sys2(6) = 1 And sys2(7) = 1 Then
'8

currdata.sys = currdata.sys + 80
End | f
If sys2(0) = 1 And sys2(1) = 1 And sys2(2) = 1 And sys2(3) =0
And sys2(4) = 1 And sys2(5) = 1 And sys2(6) = 0 And sys2(7) = 1 Then
‘9

currdata.sys = currdata.sys + 90
End | f

"for pin 7 for first digit
If sys3(1) = 1 And sys3(2) = 1 Then
"1

currdata.sys = currdata.sys + 100
End | f

Li st Boxtest 1. Itens. Add(currdata. sys)
End Sub

Private Sub diafig()

Di m upi nal As | nteger
Di m upi na2 As | nteger
Di m upi na3 As | nteger
Di m upi na4 As | nteger
Di m upi nb1l As | nteger
Di m upi nb2 As | nteger
Di m upi nb3 As | nt eger
Di m upi nb4 As | nteger
Di m upi ncl As | nteger
Di m upi nc2 As | nteger
Di m upi nc3 As | nteger
Di m upi nc4 As | nteger
Di m upi nd1 As | nteger
Di m upi nd2 As | nteger
Di m upi nd3 As | nteger
Di m upi nd4 As | nteger
Dim | pinal As |nteger
Dim | pina2 As | nteger
Dim | pi na3 As | nteger
Dim | pinad As |nteger
Dim | pinbl As | nteger
Di m | pi nb2 As | nteger
Di m | pi nb3 As | nteger
Di m | pi nb4 As | nteger
Dimlpincl As |nteger
Dim | pinc2 As |nteger
Dim | pinc3 As | nteger
Dim | pincd As |nteger
Dim | pindl As | nteger
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Dim | pind2 As | nteger
Di m | pi nd3 As | nteger
Dim | pind4 As |nteger

Dmi As Integer = 8

Dmj As Integer =9

Dmk As Integer = 10

Dml As Integer = 11

upinal = arr(0, i) / 10000000
upina2 = arr(0, i) / 1000000
upina3 = arr(0, i) / 100000
upina4 = arr(0, i) / 10000

I pinal = arr(2, i) / 1000

I pina2 = arr(2, i) / 100

I pina3 = arr(2, i) / 10

I pinad = arr(2, i)

upi nbl = arr(0, j) / 10000000
upi nb2 = arr(0, j) / 1000000
upi nb3 = arr (0, j) / 100000
upi nb4 = arr(0, j) / 10000

I pinbl = arr(2, j) / 1000

| pinb2 = arr(2, j) / 100

[ pinb3 = arr(2, j) / 10

I pinbd = arr(2, j)

upincl = arr(0, k) / 10000000
upinc2 = arr(0, k) / 1000000
upinc3 = arr(0, k) / 100000
upinc4 = arr(0, k) / 10000

I pincl = arr(2, k) / 1000

I pinc2 = arr(2, k) / 100

I pinc3 = arr(2, k) / 10

I pincd = arr(2, k)

upindl = arr(0, I) / 10000000
upi nd2 = arr(0, 1) / 1000000
upind3 = arr(0, ) / 100000
upind4 = arr(0, I) / 10000

I pindl = arr(2, I) / 1000

I pind2 = arr(2, 1) / 100

[ pind3 = arr(2, 1) / 10

I pindd = arr(2, 1)

"for pin 8 for third digit

If upinal = 1 And Ipinal = 1 Then
Li st Boxtest1l.Itens. Add("1a")
dial(0) =1

End I f

If upina2 = 0 O Ipina2 = 0 Then

Elself upina2 = 1 O upina2 = 11 And Ipina2 =1 O Ipina2 = 11

Then

Li st Boxtest1l.Itens. Add("1b")
dial(1l) =1

End I f
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If upina3 = 0 O Ipina3 = 0 Then
Elself upina3 =1 O upina3 = 11 O upina3 = 111 O upina3 =
101 And Ipina3 =1 O Ipina3 = 11 O Ipina3 = 111 O |pina3 = 101 Then
dial(2) =1
Li st Boxtest1l.Itens. Add("1c")

End | f

If upinad = 0 O Ipinad4 = 0 Then
Elself upina4d =1 O upina4d = 11 O upina4 = 111 O upinad =
101 O upina4 = 1001 O upinad4 = 1011 O upinad4 = 1111 O upinad4 = 1101
And Ipinad =1 O Ipina4d = 11 O Ipinad = 111 O |pinad = 101 O |pinad
= 1001 O Ipina4d = 1011 O Ipinad4d = 1111 O Ipinad = 1101 Then
dial(3) =1
Li st Boxtest1l.Itens. Add("1d")
End | f
"for pin 9 for third digit
If upinbl =1 And I pinbl = 1 Then
Li st Boxtest1l.Itens. Add(" 1le")
dial(4) =1
End | f
If upinb2 = 0 O Ipinb2 = 0 Then
Elself upinb2 =1 O upinb2 = 11 And Ipinb2 =1 O Ipinb2 = 11
Then
Li st Boxtest1l.Itens. Add(" 1f")
dial(b) =1
End | f
If upinb3 = 0 O | pinb3
El self upinb3 =1 O upi
101 And I pinb3 =1 O | pinb3
dial(6) =1
Li st Boxtest1l.Itens. Add("1g")
End | f
If upinbd = 0 O [pinb4d = 0 Then
El self upinb4d =1 O upinb4d = 11 O upinb4 = 111 O upinb4 =
101 O upinb4 = 1001 O upinb4 = 1011 O upinb4 = 1111 O upi nb4 = 1101
And Ipinb4d =1 O Ipinb4d =11 O Ipinb4d = 111 O |pinb4d = 101 O | pinb4d
= 1001 O Ipinb4 = 1011 O Ipinb4 = 1111 O |pinb4 = 1101 Then
dial(7) =1
Li st Boxtest1l.Itens. Add("1h")
End | f
"for pin 10 for third digit
If upincl =1 And Ipincl = 1 Then
Li st Boxtest1l.|tens. Add("2a")
dia2(0) =1
End | f
If upinc2 = 0 O Ipinc2 = 0 Then
Elself upinc2 =1 O upinc2 = 11 And Ipinc2 =1 O Ipinc2 = 11

Then
=11 O upinb3 = 111 O upinb3 =
| pinb3 = 111 O | pinb3 = 101 Then

I <

=0
i nb3
11 O

Then
Li st Boxtest1l.Itens. Add("2b")
dia2(1) =1
End | f
If upinc3 =0
El sel f up|n c3 =
101 And Ipinc3 =1 O |
dia2(2) =1
Li st Boxtest1l.Itens. Add("2c")

c
1 O upi
pinc3d =

11 O upinc3 = 111 O upinc3 =
I pinc3 = 111 O |pinc3 = 101 Then
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End | f
If upincd = 0 O Ipincd = 0 Then
Elself upincd =1 O upincd = 11 O upincd = 111 O upincd =
101 O upincd = 1001 O upincd = 1011 O upincd = 1111 O upincd = 1101
And Ipincd =1 O Ipincd =11 O Ipincd = 111 O |pincd = 101 O |pinca
= 1001 O Ipincd = 1011 O Ipincd = 1111 O Ipincd = 1101 Then
dia2(3) =1
Li st Boxtest1l.Itens. Add("2d")
End | f
"for pin 11 for third digit
If upindl = 1 And I pindl = 1 Then
Li st Boxtest1l.|tens. Add("2e")
dia2(4) =1
End | f
If upind2 = 0 O Ipind2 = 0 Then
Elself upind2 =1 O upind2 = 11 And Ipind2 =1 O Ipind2 = 11
Then
Li st Boxtest 1. Itens. Add("2f")
dia2(b5) =1
End | f
If upind3 = 0 O | pind3
El sel f upi nd3 = up
101 And Ipind3 =1 O |pind3 =
dia2(6) =1
Li st Boxtest1l.Itens. Add("2g")
End | f
If upindd = 0 O Ipind4 = 0 Then
Elself upindd =1 O upind4d = 11 O upind4 = 111 O upindd =
101 O upind4 = 1001 O upind4 = 1011 O upind4 = 1111 O upind4 = 1101
And Ipindd =1 O Ipindd =11 O |pindd = 111 O |pind4d = 101 O | pind4d
= 1001 O Ipind4d = 1011 O Ipind4 = 1111 O |pind4 = 1101 Then
dia2(7) =1
Li st Boxtest1l.Itens. Add("2h")
End | f

11 O upind3 = 111 O upi nd3 =
I pind3 = 111 O |pind3 = 101 Then

End Sub
Private Sub di anum()
Dim currdata As New userdatal
currdata.dia = 0
"for pin 3 and 4 for third digit
If dial(0) =1 And dial(l) =1 And dial(2) =1 And dial(3) =0
And dial(4) = 1 And dial(5) = 0 And dial(6) = 1 And dial(7) = 1 Then
"0

currdata.dia = currdata.dia + 0
End | f
If dial(0) = 0 And dial(l) =1 And dial(2) =1 And dial(3) =0
And dial(4) = 0 And dial(5) = 0 And dial(6) = 0 And dial(7) = 0 Then
"1

currdata.dia = currdata.dia + 1
End | f
If dial(0) =1 And dial(l) =1 And dial(2) = 0 And dial(3) =0
And dial(4) = 0 And dial(5) =1 And dial(6) = 1 And dial(7) = 1 Then
'2

currdata.dia = currdata.dia + 2
End | f
If dial(0) =1 And dial(l) =1 And dial(2) =1 And dial(3) =0
And dial(4) = 0 And dial(5) =1 And dial(6) = 0 And dial(7) = 1 Then
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'3
currdata.dia = currdata.dia + 3
End | f
If dial(0) = 0 And dial(l) =1 And dial(2) =1 And dial(3) =0

And dial(4) = 1 And dial(5) = 1 And dial(6) = 0 And dial(7) = O Then
‘4

currdata.dia = currdata.dia + 4
End | f
If dial(0) =1 And dial(l) = 0 And dial(2) =1 And dial(3) =0

And dial(4) = 1 And dial(5) = 1 And dial(6) = 0 And dial(7) = 1 Then
'5

currdata.dia = currdata.dia + 5
End | f
If dial(0) =1 And dial(l) = 0 And dial(2) =1 And dial(3) =0

And dial(4) = 1 And dial(5) = 1 And dial(6) = 1 And dial(7) = 1 Then
'6

currdata.dia = currdata.dia + 6
End I f
If dial(0) =1 And dial(l) =1 And dial(2) =1 And dial(3) =0
al(4) = 0 And dial(5) = 0 And dial(6) = 0 And dial(7) = 0 Then
"7

And di

currdata.dia = currdata.dia + 7
End | f
If dial(0) =1 And dial(l) =1 And dial(2) =1 And dial(3) =0

And dial(4) = 1 And dial(5) = 1 And dial(6) = 1 And dial(7) = 1 Then
'8

currdata.dia = currdata.dia + 8
End | f
If dial(0) =1 And dial(l) =1 And dial(2) =1 And dial(3) =0

And dial(4) = 1 And dial(5) = 1 And dial(6) = 0 And dial(7) = 1 Then
'9

currdata.dia = currdata.dia + 9
End | f

"for pin 5 and 6 for second digit
If dia2(0) = 1 And dia2(1) =1 And dia2(2) =1 And dia2(3) =0

And dia2(4) = 1 And dia2(5) = 0 And dia2(6) = 1 And dia2(7) = 1 Then
'0

currdata.dia = currdata.dia + 0
End | f
If dia2(0) = 0 And dia2(1) =1 And dia2(2) =1 And dia2(3) =0

And dia2(4) = 0 And dia2(5) = 0 And dia2(6) = 0 And dia2(7) = O Then
"1

currdata.dia = currdata.dia + 10
End | f
If dia2(0) =1 And dia2(1) =1 And dia2(2) = 0 And dia2(3) =0

And dia2(4) = 0 And dia2(5) = 1 And dia2(6) = 1 And dia2(7) = 1 Then
‘2

currdata.dia = currdata.dia + 20
End | f
If dia2(0) =1 And dia2(1) =1 And dia2(2) =1 And dia2(3) =0

And dia2(4) = 0 And dia2(5) = 1 And dia2(6) = 0 And dia2(7) = 1 Then
'3

currdata.dia = currdata.dia + 30
End | f
If dia2(0) = 0 And dia2(1) =1 And dia2(2) =1 And dia2(3) =0

And dia2(4) = 1 And dia2(5) = 1 And dia2(6) = 0 And dia2(7) = 0 Then
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"4
currdata.dia = currdata.dia + 40
End | f
If dia2(0) =1 And dia2(1) = 0 And dia2(2) =1 And dia2(3) =0
And dia2(4) = 1 And dia2(5) = 1 And dia2(6) = 0 And dia2(7) = 1 Then
'S5

currdata.dia = currdata.dia + 50
End | f
If dia2(0) =1 And dia2(1) = 0 And dia2(2) = 1 And dia2(3) =0
And dia2(4) = 1 And dia2(5) = 1 And dia2(6) = 1 And dia2(7) = 1 Then
"6

currdata.dia = currdata.dia + 60
End | f
If dia2(0) =1 And dia2(1) =1 And dia2(2) =1 And dia2(3) =0
And dia2(4) = 0 And dia2(5) = 0 And dia2(6) = 0 And dia2(7) = 0 Then
"7

currdata.dia = currdata.dia + 70
End I f
If dia2(0) =1 And dia2(1) =1 And dia2(2) =1 And dia2(3) =0
And dia2(4) = 1 And dia2(5) = 1 And dia2(6) = 1 And dia2(7) = 1 Then
'8

currdata.dia = currdata.dia + 80
End | f
If dia2(0) =1 And dia2(1) =1 And dia2(2) =1 And dia2(3) =0
And dia2(4) =1 And dia2(5) = 1 And dia2(6) = 0 And dia2(7) = 1 Then
'9

currdata.dia = currdata.dia + 90
End | f

Li st Boxtest1l.Itens. Add(currdata. dia)
End Sub
Private Sub pul fig()

Di m upi nal As | nteger
Di m upi na2 As | nteger
Di m upi na3 As | nteger
Di m upi na4 As | nteger
Di m upi nbl As | nteger
Di m upi nb2 As | nt eger
Di m upi nb3 As | nt eger
Di m upi nb4 As | nteger
Di m upi ncl As | nteger
Di m upi nc2 As | nteger
Di m upi nc3 As | nteger
Di m upi nc4 As | nteger
Di m upi nd1 As | nteger
Di m upi nd2 As | nteger
Di m upi nd3 As | nteger
Di m upi nd4 As | nteger
Di m upi nel As | nteger
Di m upi ne2 As | nteger
Di m upi ne3 As | nteger
Di m upi ne4 As | nteger
Dim | pinal As |nteger
Dim | pina2 As | nteger
Dim | pina3 As | nteger
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Dim | pinad As |nteger
Dim | pinbl As | nteger
Di m | pi nb2 As | nteger
Di m | pi nb3 As | nteger
Di m | pi nb4 As | nteger
Dimlpincl As |nteger
Dim | pinc2 As | nteger
Dim | pinc3 As | nteger
Dim | pincd As |nteger
Dim | pindl As | nteger
Dim | pind2 As | nteger
Dim | pi nd3 As | nteger
Dim | pind4 As |nteger
Dim | pinel As |nteger
Dim | pine2 As | nteger
Di m | pi ne3 As | nteger
Dim | pine4 As |nteger
Dmi As Integer = 12
Dmj As Integer = 13
Dmk As Integer = 14
Dml As Integer = 15
Dmn As Integer = 16
upinal = arr (0, i) /
upina2 = arr(0, i) /
upina3 = arr(0, i) /
upinad4 = arr(0, i) /
Ipinal = arr(2, i) /
I pina2 = arr(2, i) /
I pina3 = arr(2, i) /
I pinad = arr(2, i)
upi nbl = arr(0, j) /
upi nb2 = arr(0, j) /
upi nb3 = arr(0, j) /
upi nb4 = arr(0, j) /
[ pinbl = arr(2, j) /
[ pinb2 = arr(2, j) /
[ pinb3 = arr(2, j) /
I pinbd = arr(2, j)
upincl = arr(0, k) /
upinc2 = arr(0, k) /
upinc3 = arr(0, k) /
upinc4 = arr(0, k) /
I pincl = arr(2, k) /
I pinc2 = arr(2, k) /
I pinc3 = arr(2, k) /
I pincd = arr(2, k)
upindl = arr(0, 1) /
upind2 = arr(0, 1) /
upind3 = arr(0, 1) /
upind4 = arr(0, 1) /
I pindl = arr(2, I) /
I pind2 = arr(2, I) /

10000000
1000000
100000
10000
1000

100

10

10000000
1000000
100000
10000
1000

100

10

10000000
1000000
100000
10000
1000

100

10

10000000
1000000
100000
10000
1000

100
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[ pind3 = arr(2, 1) / 10

I pindd = arr(2, 1)

upinel = arr(0, n) / 10000000
upine2 = arr(0, n) / 1000000
upine3 = arr(0, n) / 100000
upine4 = arr(0, n) / 10000

| pinel = arr(2, n) / 1000

| pine2 = arr(2, n) / 100

| pine3 = arr(2, n) / 10

| pined = arr(2, n)

"for pin 12 for third digit

If upinal = 1 And I pinal = 1 Then
Li st Boxtest1l.Itens. Add("1a")
pul 1(0) =1

End | f

If upina2 = 0 O Ipina2 = 0 Then

Elself upina2 =1 O upina2 = 11 And Ipina2 =1 O Ipina2 = 11

Then

Li st Boxtest1l.Itens. Add(" 1b")
pul 1(1) =1

End | f

I f upina3 =
El sel f upina3d =
101 And Ipina3 =1 O |
pul 1(2) =1
Li st Boxtest1l.Itens. Add("1c")
End | f

11 O upina3 = 111 O upina3 =

p I pina3 = 111 O |pina3 = 101 Then

If upinad = 0 O Ipinad4 = 0 Then
Elself upina4d =1 O upina4d = 11 O upina4 = 111 O upinad =
101 O upina4 = 1001 O upinad4 = 1011 O upinad = 1111 O upinad4 = 1101
And Ipinad =1 O Ipina4d =11 O Ipinad = 111 O |pinad = 101 O |pinad
= 1001 O Ipinad = 1011 O Ipinad4d = 1111 O Ipinad = 1101 Then
pul 1(3) =1
Li st Boxtest1l.Itens. Add("1d")
End | f
"for pin 13 for third digit
If upinbl =1 And I pinbl = 1 Then
Li st Boxtest1l.Itens. Add(" 1le")
pul 1(4) =1
End | f
If upinb2 = 0 O Ipinb2 = 0 Then
Elself upinb2 =1 O upinb2 = 11 And Ipinb2 =1 O Ipinb2 = 11
Then
Li st Boxtest1l.Itens. Add(" 1f")
pul 1(5) =1
End I f
If upinb3 =0 O |pi
Elself upinb3 =1 O
101 And Ipinb3 =1 O | pinb3
pul 1(6) =1
Li st Boxtest1l.Itens. Add("1g")
End I f
If upinbd = 0 O Ipinb4d = 0 Then

3 = 0 Then
pinb3 = 11 O upinb3 = 111 O upi nb3 =

nb
u
=11 O Ipinb3 = 111 O |pinb3 = 101 Then
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El self upinb4d =1 O upinb4d = 11 O upinb4 = 111 O upinb4d =
101 O upinb4 = 1001 O upinb4 = 1011 O upinb4 = 1111 O upinb4 = 1101
And Ipinb4d =1 O Ipinb4d =11 O Ipinb4d = 111 O |pinb4d = 101 O | pinb4d
= 1001 O Ipinb4 = 1011 O Ipinb4 = 1111 O |pinb4 = 1101 Then
pul 1(7) =1
Li st Boxtest1l.Itens. Add("1h")
End | f
"for pin 14 for third digit
If upincl =1 And I pincl = 1 Then
Li st Boxtest1l.|tens. Add("2a")
pul 2(0) =1
End | f
If upinc2 = 0 O Ipinc2 = 0 Then
Elself upinc2 =1 O upinc2 = 11 And Ipinc2 =1 O Ipinc2 = 11
Then
Li st Boxtest 1. Itens. Add("2b")
pul 2(1) =1
End | f
If upinc3 =0 | pi nc
El sel f upinc3 1 O upi
101 And Ipinc3 =1 O |pinc3 =
pul 2(2) =1
Li st Boxtest1l.Itens. Add("2c")
End | f
If upincd = 0 O Ipincd = 0 Then
Elself upincd =1 O upincd = 11 O upincd = 111 O upincd =
101 O upincd = 1001 O upincd = 1011 O upincd = 1111 O upincd = 1101
And Ipincd =1 O Ipincd =11 O Ipincd = 111 O |pincd = 101 O |pinca
= 1001 O Ipincd = 1011 O Ipincd = 1111 O Ipincd = 1101 Then
pul2(3) =1
Li st Boxtest1l.Itens. Add("2d")
End | f
"for pin 15 for third digit
If upindl =1 And I pindl = 1 Then
Li st Boxtest1l.|tens. Add("2e")
pul 2(4) =1
End | f
If upind2 = 0 O Ipind2 = 0 Then
Elself upind2 =1 O upind2 = 11 And Ipind2 =1 O Ipind2 = 11

O
= 11 O upinc3 = 111 O upinc3 =
I pinc3 = 111 O |pinc3 = 101 Then

Then
Li st Boxtest1l.Itens. Add("2f")
pul 2(5) =1
End | f
If upind3 = 0 O |pi
Elself upind3 =1 O
101 And Ipind3 =1 O | pind3
pul 2(6) =1
Li st Boxtest 1. Itens. Add("2g")
End | f
If upindd = 0 O Ipind4 = 0 Then
Elself upindd =1 O upind4d = 11 O upind4 = 111 O upindd =
101 O upind4 = 1001 O upind4 = 1011 O upind4 = 1111 O upind4 = 1101
And Ipindd =1 O Ipindd =11 O |pindd = 111 O |pind4d = 101 O | pind4d
= 1001 O Ipind4d = 1011 O Ipind4 = 1111 O |pind4 = 1101 Then
pul 2(7) =1
Li st Boxtest1l.Itens. Add("2h")
End I f

Then
=11 O upind3 = 111 O upind3 =
I pind3 = 111 O |pind3 = 101 Then

3
pi

nd3 =
upi n
=11

0
d3
O
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"for pin 16 for third digit

If upinel =1 And I pinel = 1 Then
Li st Boxtest1l.Itens. Add("3a")
pul 3(0) =1

End | f

If upine2 = 0 O Ipine2 = 0 Then

Elself upine2 =1 O upine2 = 11 And Ipine2 =1 O Ipine2 = 11

Then

Li st Boxtest1l.Itens. Add("3b")
pul 3(1) =1

End | f

If upine3 =0 I pin
El sel f upine3 1O
101 And Ipine3 =1 O | pine3
pul 3(2) =1
Li st Boxtest1l.Itens. Add("3c")
End | f

O Then
= =11 O upined3 = 111 O upine3d =

| pine3 = 111 O | pine3 = 101 Then

3
pi

=0
ne3
11 O

([ =]

If upined = 0 O Ipined = 0 Then
Elself upined =1 O upine4d = 11 O upined = 111 O upined =
101 O upined4 = 1001 O upined4 = 1011 O upined = 1111 O upined4 = 1101
And Ipined =1 O Ipined =11 O Ipined = 111 O |pined = 101 O | pined
= 1001 O Ipined = 1011 O Ipined = 1111 O Ipined = 1101 Then
pul 3(3) =1
Li st Boxtest1l.Itens. Add("3d")
End | f
End Sub

Private Sub pul num()
Dimcurrdata As New userdatal
currdata. pulse = 0
"for pin 12 and 13 for third digit
If pul1(0) =1 And pul1(1) =1 And pul1(2) =1 And pul1(3) =0
And pul1(4) = 1 And pul 1(5) = 0 And pul1(6) = 1 And pul1(7) = 1 Then
"0

currdata. pul se = currdata. pulse + 0
End | f
If pul1(0) = 0 And pul1(1) = 1 And pul1(2) =1 And pul1(3) =0
And pul 1(4) = 0 And pul 1(5) = 0 And pul 1(6) = 0 And pul 1(7) = 0 Then
"1

currdata. pul se = currdata. pulse + 1
End | f
If pul1(0) =1 And pul1(1) =1 And pul1(2) = 0 And pul1(3) =0
And pul1(4) = 0 And pul 1(5) = 1 And pul1(6) = 1 And pul1(7) = 1 Then
‘2

currdata. pul se = currdata. pulse + 2
End | f
If pul1(0) =1 And pul1(1) =1 And pul1(2) =1 And pul1(3) =0
And pul1(4) = 0 And pul 1(5) = 1 And pul1(6) = 0 And pul 1(7) = 1 Then
'3
currdata. pul se = currdata. pulse + 3
End | f
If pul1(0) = 0 And pul1(1) = 1 And pul1(2) =1 And pul1(3) =0
And pul1(4) = 1 And pul1(5) = 1 And pul1(6) = 0 And pul 1(7) = 0 Then
"4

currdata. pul se = currdata. pulse + 4
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End | f
If pul1(0) =1 And pul1(1) = 0 And pul1(2) =1 And pul1(3) =0
And pul1(4) = 1 And pul1(5) = 1 And pul1(6) = 0 And pul 1(7) = 1 Then
'5

currdata. pul se = currdata. pulse + 5
End | f
If pul1(0) =1 And pul1(1) = 0 And pul1(2) =1 And pul1(3) =0
And pul1(4) = 1 And pul1(5) = 1 And pul1(6) = 1 And pul1(7) = 1 Then
"6
currdata. pul se = currdata. pulse + 6
End | f
If pul1(0) =1 And pul1(1) =1 And pul1(2) =1 And pul1(3) =0
And pul 1(4) = 0 And pul 1(5) = 0 And pul 1(6) = 0 And pul 1(7) = 0 Then
"7

currdata. pul se = currdata. pulse + 7
End | f
If pul1(0) =1 And pul1(1) =1 And pul1(2) =1 And pul1(3) =0
And pul1(4) = 1 And pul1(5) = 1 And pul1(6) = 1 And pul1(7) = 1 Then
'8

currdata. pul se = currdata. pulse + 8
End | f
If pul1(0) =1 And pul1(1) =1 And pul1(2) =1 And pul1(3) =0
And pul1(4) = 1 And pul1(5) = 1 And pul1(6) = 0 And pul 1(7) = 1 Then
‘9
currdata. pul se = currdata. pulse + 9
End | f

"for pin 14 and 15 for second digit
If pul2(0) =1 And pul2(1) =1 And pul2(2) =1 And pul2(3) =0
And pul2(4) =1 And pul 2(5) = 0 And pul2(6) = 1 And pul2(7) = 1 Then
‘0

currdata. pul se = currdata. pulse + 0
End | f
If pul2(0) = 0 And pul2(1) =1 And pul2(2) =1 And pul2(3) =0
And pul 2(4) = 0 And pul 2(5) = 0 And pul 2(6) = 0 And pul 2(7) = 0 Then
"1

currdata. pul se = currdata. pul se + 10
End | f
If pul2(0) =1 And pul2(1) =1 And pul2(2) = 0 And pul2(3) =0
And pul 2(4) = 0 And pul 2(5) = 1 And pul2(6) = 1 And pul2(7) = 1 Then
‘2

currdata. pul se = currdata. pul se + 20
End | f
If pul2(0) =1 And pul2(1) =1 And pul2(2) =1 And pul2(3) =0
And pul 2(4) = 0 And pul 2(5) = 1 And pul2(6) = 0 And pul2(7) = 1 Then
"3

currdata. pul se = currdata. pul se + 30
End | f
If pul2(0) =0 And pul2(1) =1 And pul2(2) =1 And pul2(3) =0
And pul 2(4) =1 And pul2(5) =1 And pul 2(6) = 0 And pul 2(7) = 0 Then
"4
currdata. pul se = currdata. pul se + 40
End | f
If pul2(0) =1 And pul2(1) = 0 And pul2(2) =1 And pul2(3) =0
And pul2(4) =1 And pul 2(5) = 1 And pul2(6) = 0 And pul 2(7) = 1 Then
"5

currdata. pul se = currdata. pul se + 50
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End | f
If pul2(0) =1 And pul2(1) = 0 And pul2(2) =1 And pul2(3) =0
And pul2(4) =1 And pul 2(5) = 1 And pul2(6) = 1 And pul2(7) = 1 Then
'6

currdata. pul se = currdata. pul se + 60
End | f
If pul2(0) =1 And pul2(1) =1 And pul2(2) =1 And pul2(3) =0
And pul 2(4) = 0 And pul 2(5) = 0 And pul 2(6) = 0 And pul 2(7) = 0 Then
"7
currdata. pul se = currdata. pul se + 70
End | f
If pul2(0) =1 And pul2(1) =1 And pul2(2) =1 And pul2(3) =0
And pul2(4) =1 And pul2(5) = 1 And pul2(6) = 1 And pul2(7) = 1 Then
'8

currdata. pul se = currdata. pul se + 80
End | f
If pul2(0) =1 And pul2(1) =1 And pul2(2) =1 And pul2(3) =0
And pul2(4) =1 And pul 2(5) = 1 And pul2(6) = 0 And pul2(7) = 1 Then
‘9

currdata. pul se = currdata. pul se + 90
End | f

"for pin 16 for first digit
If pul3(1) =1 And pul3(2) = 1 Then
"1

currdata. pul se = currdata. pul se + 100
End | f

Li st Boxtest 1. 1tens. Add(currdat a. pul se)
End Sub
initialise for com port

Private Sub bt nCheckForPorts Cick(ByVal sender As System bject,
ByVal e As System Event Args) Handl es bt nCheckForPorts. dick
Check for Availability of each of the 4 Comm Ports, and
pl ace a check in the list box itens that have openabl e

ports.
Dmi As |nteger
For i =1 To 4
"WiteMessage("Testing COM' + i.ToString())
If IsPortAvail able(i) Then
Check the box for avail able ports.
Me. cl st Ports. SetltenChecked(i - 1, True)
El se
Uncheck the box for unavail abl e ports.
Me. cl st Ports. SetltenChecked(i - 1, False)
End | f
Next
End Sub

"Private Sub WiteMessage(ByVal nessage As String)
Me. t xt St at us. Text += message + vbCrLf

"End Sub

Private m ConmPort As New Rs232

Private m ModenPort As Integer =0

This function attenpts to open the passed Comm Port. If it is
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available, it returns True, else it returns False. To deterni ne
availability a Try-Catch bl ock is used.
Private Function |IsPortAvail abl e(ByVal ConPort As |Integer) As
Bool ean
Try
m CommPor t . Qpen( ConPort, 9600, 8,
Rs232. DataParity. Parity None, Rs232.DataStopBit. StopBit_1, 4096)
" If it makes it to here, then the Comm Port is avail able.
m CommPort . d ose()
Return True
Cat ch
" If it gets here, then the attenpt to open the Comm Port
was unsuccessful .
Return Fal se
End Try
End Function
Private Sub btnSendUser Cormand_d i ck(ByVal sender As System (bj ect,
ByVal e As System Event Args)
" Always wap up working with Comm Ports in exception handlers.
Try
" Enable the tiner.
t nt ReadCommPort . Enabl ed = True
" Attenpt to open the port.
m CommPor t . Qpen(m ModenPort, 115200, 8,
Rs232. DataParity. Parity None, Rs232.DataStopBit. StopBit_ 1, 4096)
" Wite an user specified Conmand to the Port.
"m CommPort. Wite(M.txtUser Command. Text & Chr(13))
" Sleep long enough for the nmobdemto respond and the tiner
to fire.
Syst em Thr eadi ng. Thread. Sl eep(200)
Appl i cati on. DoEvent s()
m CommPort . d ose()

Catch ex As Exception

" Warn the user.

MessageBox. Show " Unabl e to conmmuni cate with Mdenti')
Finally

" Disable the tinmer.

Me. t nr ReadComPor t . Enabl ed = Fal se
End Try

End Sub

Private Sub btnprintsetup dick(ByVal sender As System (bject,
ByVal e As System Event Args) Handl es btnprintsetup.dick
PageSet upDi al ogl. ShowDi al og()
End Sub

Private Sub btnprinthealth_Cick(ByVal sender As System bject,
ByVal e As System Event Args) Handl es btnprinthealth. dick
"mntSeatsCtr =0
Print Previ ewbDi al ogl. Showhi al og()
End Sub
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Private Sub PrintPreviewD al ogl Load(ByVal sender As System (bject,
ByVal e As System Event Args) Handl es PrintPrevi ewDi al ogl. Load

End Sub

Private Sub PrintDocunentl PrintPage(ByVal sender As System (bject,
ByVal e As System Draw ng. Printing. PrintPageEvent Args) Handl es
Pri nt Docunent 1. Pri nt Page
Dmi As |nteger
Dmj As Integer
j = ListViewl.Itens. Count
For i =0 To j
e. G aphics. DrawString(ListViewl.ltenms(i). Text, New
Font ("Courier New', 12, FontStyle.Bold), Brushes.Black, 150, 50 + i *
17)
e. Graphics.Drawstring(ListViewl. [tens(i).Subltens(1). Text,
New Font (" Courier New', 12, FontStyle.Bold), Brushes.Black, 150, 50 + i
* 17)
e. Graphics. Drawstring(ListViewl. [tens(i).Subltens(2). Text,
New Font (" Courier New', 12, FontStyle.Bold), Brushes.Black, 150, 50 + i
* 17)
e. G aphics. DrawString(ListViewl.ltens(i). Subltens(3). Text,
New Font (" Courier New', 12, FontStyle.Bold), Brushes.Black, 150, 50 + i
* 17)
e. G aphics. DrawString(ListViewl.ltenms(i). Subltens(4). Text,
New Font (" Courier New', 12, FontStyle.Bold), Brushes.Black, 150, 50 + i
* 17)
e. G aphics. DrawString(ListViewl.ltens(i). Subltens(5). Text,
New Font ("Courier New', 12, FontStyle.Bold), Brushes.Black, 150, 50 + i
* 17)
‘mntSeatsCr += 1
"If mintSeatsCr =] Then Exit For
Next
If i <j Then

e. HasMor ePages = True
El se
e. HasMor ePages = Fal se
End | f
End Sub
End d ass
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E2 Project Module.vb

Modul e Proj ect Mdul e
Sub Mai n()
Di m obj frnrmewuser1 As New frmmewuser
D m obj frnst art page As New frnstart page
obj fr st art page. ShowDi al og()
obj frmewuser 1. Showhi al og()
End Sub
End Modul e

E3 StartPage.vb

Public dass frmstartpage
I nherits System W ndows. Forns. Form

Private Sub Tinmerl El apsed(ByVal sender As System Object, ByVal e As
System Ti ners. El apsedEvent Args) Handl es Ti nmerl. El apsed
Me. O ose()

End Sub
End d ass

E4 Rs232.vb
Option Strict On

| mports System Runtinme. | nteropServices
| nports System Text
| mports System Threadi ng

This class provides all the necessary support for comruni cating
with the Conm Port (otherw se known as the Serial Port, or
RS232 port).
Public O ass Rs232
Decl are the necessary class variables, and their initial val ues.

Private mhRS As Integer = -1 " Handl e to Com Port
Private nmiPort As Integer =1 " Default is COVL
Private nmi Ti meout As Integer = 70 Ti meout in ns
Private nmi BaudRate As | nteger = 9600

Private neParity As DataParity 0

Private neStopBit As DataStopBit

0
Private niDataBit As Integer = 8
Private m BufferSi ze As Integer = 512 " Buffers size default to
512 bytes
Private nmabt RxBuf As Byte() " Receive buffer

Private neMbde As Mbde ' C ass working node
Private nmbWiit OnRead As Bool ean

Private mbWwitOnWite As Bool ean

Private nbWiteErr As Bool ean
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Private nuOverl apped As OVERLAPPED

Private nuOverl appedW As OVERLAPPED

Private nuOverl appedE As OVERLAPPED

Private nmabt TnpTxBuf As Byte() ' Tenporary buffer used by Async Tx
Private noThreadTx As Thread

Private noThreadRx As Thread

Private mi TnpBytes2Read As | nteger

Private neMask As Event Masks

#Regi on " Enuns"
" This enuneration provides Data Parity val ues.
Public Enum DataParity
Parity None = 0
Pariti _Cdd
Parity_Even
Parity_Mark
End Enum
" This enuneration provides Data Stop Bit val ues.
' It is set to begin with a one, so that the enuneration val ues
' mat ch the actual val ues.
Publ i ¢ Enum Dat aSt opBi t
StopBit_1 =1
StopBit_2
End Enum
" This enuneration contains values used to purge the various
buf fers.
Private Enum PurgeBuffers

RXAbort = &H2
RXO ear = &H8
TxAbort = &H1
TxO ear = &H4
End Enum
" This enuneration provides values for the lines sent to the Conm
Por t
Private Enum Li nes
SetRts = 3
CearRts = 4
SetDtr = 5
ClearDir = 6
ResetDev = 7 ' Reset device if possible
SetBreak = 8 ' Set the device break line.
ClearBreak = 9 ' Clear the device break |ine.
End Enum
" This enuneration provides values for the Mbdem Status, since
' we' |l be conmmunicating primarily with a nodem

Note that the Flags() attribute is set to allow for a bitw se
conbi nati on of val ues.
<Fl ags() > Public Enum Modenft at usBits
O ear ToSendOn = &H10
Dat aSet ReadyOn = &H20
Ri ngl ndi cat orOn = &H40
CarrierDetect = &H30
End Enum
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Thi s enuneration provides values for the Wrking node
Publ i ¢ Enum Mbde
NonOver | apped
Overl apped
End Enum
" This enuneration provides values for the Comm Masks used.
" Note that the Flags() attribute is set to allow for a bitw se
' conbi nati on of val ues.
<Fl ags() > Publ i c Enum Event Masks
RxChar = &H1
RXFl ag = &H2
TxBuf f er Enpty = &H4
Cl ear ToSend = &H8
Dat aSet Ready = &H10
Recei velLi ne = &H20

Break = &H40
StatusError = &H80
Ri ng = &H100
End Enum
#End Regi on

#Regi on "Structures”
' This is the DCB structure used by the calls to the Wndows API.
<Struct Layout (Layout Ki nd. Sequenti al, Pack:=1)> Private Structure
DCB

Publ i ¢ Eof Char As Byte

Publ i c EvtChar As Byte

Public wReserved2 As Intl6
End Structure

Publ i ¢ DCBI ength As | nteger
Publ i ¢ BaudRate As | nteger
Public Bitsl As Integer
Public wReserved As Int16
Public XonLim As Int16
Public XoffLimAs Intl6
Public ByteSize As Byte
Public Parity As Byte
Public StopBits As Byte
Publ i ¢ XonChar As Byte
Publ i ¢ Xoff Char As Byte
Public ErrorChar As Byte

c

c

" This is the CommTi neQuts structure used by the calls to the
W ndows API .
<Struct Layout (Layout Ki nd. Sequenti al , Pack:=1)> Private Structure
COWITI MEQUTS
Publ i ¢ Readl nt erval Ti meout As | nteger
Publ i c ReadTotal Ti meout Mul tiplier As Integer
Publ i ¢ ReadTot al Ti meout Constant As | nteger
Public WiteTotal Ti meout Ml tiplier As |nteger
Public WiteTotal Ti meout Constant As | nteger
End Structure

This is the ConmConfig structure used by the calls to the Wndows
API .
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<Struct Layout (Layout Ki nd. Sequenti al, Pack:=1)> Private Structure
COWLCONFI G

Public dwSi ze As |nteger

Public wersion As Int16

Publ i c wReserved As Int16

Publ i c dcbx As DCB

Publ i ¢ dwPr ovi der SubType As | nt eger

Publ i c dwProvi derOfset As |nteger
c

Publ i ¢ dwProvi der Si ze As | nteger
Publ i c wcProvi derData As Byte
End Structure

This is the OverLapped structure used by the calls to the Wndows
API .
<Struct Layout (Layout Ki nd. Sequenti al , Pack:=1)> Public Structure
OVERLAPPED
Public Internal As |nteger
Public Internal H gh As |nteger
Public O fset As Integer
Public O fsetHigh As Integer
Public hEvent As Integer
End Structure
#End Regi on

#Regi on "Exceptions”

This class defines a custom zed channel exception. This exception

rai sed when a NACK i s rai sed.
Public O ass C CChannel Exception : Inherits ApplicationException
Sub New( ByVal Message As String)
M/Base. Newm Message)
End Sub
Sub New(ByVal Message As String, ByVal |nnerException As
Excepti on)
M/Base. Newm Message, | nner Excepti on)
End Sub
End d ass
" This class defines a custonized tinmeout exception.
Public O ass | OTi meout Exception : Inherits Cl OChannel Excepti on
Sub New( ByVal Message As String)
M/Base. Newm Message)
End Sub
Sub New(ByVal Message As String, ByVal |nnerException As
Excepti on)
M/Base. Newm Message, | nner Excepti on)
End Sub
End d ass

#End Regi on
#Regi on "Events"
' These events allow the programusing this class to react to Conm

Por t
events.
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Publ i c Event DataRecei ved(ByVal Source As Rs232, ByVal
As Byte)
Public Event TxConpl et ed(ByVal Source As Rs232)

Dat aBuf f er ()

Public Event CommEvent (ByVal Source As Rs232, ByVal Mask As

Event Masks)
#End Regi on

#Regi on "Const ant s"
' These constants are used to nake the code clearer.

Private Const PURGE RXABORT As |Integer = &H2
Private Const PURGE RXCLEAR As Integer = &H8
Private Const PURGE TXABORT As Integer = &H1
Private Const PURGE TXCLEAR As Integer = &HH#4

Private Const GENERI C_READ As | nteger = &H30000000
Private Const GENERI C_ WRI TE As | nt eger &H40000000
Private Const OPEN_EXI STING As | nt eger 3

Private Const | NVALI D HANDLE VALUE As Integer = -1
Private Const | O BUFFER SI ZE As | nteger = 1024

Private Const FILE_FLAG OVERLAPPED As | nteger = &H40000000

Private Const ERROR_| O PENDI NG As | nteger = 997
Private Const WAIT OBJECT O As Integer = 0

Private Const ERROR_| O | NCOWLETE As Integer = 996
Private Const WAIT_TI MEQUT As | nteger = &H102&
Private Const INFINITE As Integer = &HFFFFFFFF

#End Regi on

#Regi on "Properties”
" This property gets or sets the BaudRate
Public Property BaudRate() As Integer
Get
Ret urn mi BaudRat e
End Get
Set (ByVal Val ue As I|nteger)
ni BaudRat e = Val ue
End Set
End Property
' This property gets or sets the BufferSize
Public Property BufferSize() As Integer
Get
Return mi BufferSize
End GCet
Set (ByVal Val ue As Integer)
nm Buf ferSi ze = Val ue
End Set
End Property
" This property gets or sets the DataBit.
Public Property DataBit() As Integer
Get
Ret urn mi Dat aBi t
End Get
Set (ByVal Val ue As I|nteger)
nm DataBit = Val ue
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End Set
End Property

This wite-only property sets or resets the DIR |line.
Public WiteOnly Property Dtr() As Bool ean
Set (ByVval Val ue As Bool ean)
If Not mhRS = -1 Then
I f Val ue Then
EscapeConmfuncti on(mhRS, Lines. SetDtr)
El se
EscapeConmfuncti on(mhRS, Lines.d earDtr)
End | f
End | f
End Set
End Property

This read-only property returns an array of bytes that represents
the input coming into the Comm Port.
Overridabl e ReadOnly Property InputStrean() As Byte()
Get
Ret ur n mabt RxBuf
End Get
End Property

This read-only property returns a string that represents
the data coming into to the Comm Port.
Overridabl e ReadOnly Property InputStreanttring() As String
Get
D m oEncoder As New System Text. ASCl | Encodi ng
Ret urn oEncoder. Get Stri ng(Me. | nput Strean
End Get
End Property

This property returns the open status of the Conm Port.
ReadOnly Property |IsOpen() As Bool ean
Get
Ret urn CBool (mhRS <> -1)
End GCet
End Property

This read-only property returns the status of the nodem
Public ReadOnly Property MdentStatus() As MdenfttatusBits

Get
If mhRS = -1 Then
Throw New Appl i cati onException("Please initialize and
open " + _
"port before using this method")
El se
Retri eve nodem st at us
D m | pModentst at us As | nt eger
I f Not Get Comrivbdentst at us(mhRS, | pModentt at us) Then
Throw New Appl i cationException("Unable to get nodem
status")
El se
Ret urn CType(| pModentt at us, Mdentt at usBits)
End | f
End | f
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End GCet
End Property

This property gets or sets the Parity
Public Property Parity() As DataParity
Get
Return nmeParity
End Cet
Set (ByVal Val ue As DataParity)
meParity = Val ue
End Set
End Property

This property gets or sets the Port
Public Property Port() As Integer
Get
Ret urn mi Port
End Get
Set (ByVal Val ue As Integer)
nm Port = Val ue
End Set
End Property

This wite-only property sets or resets the RTS |line.
Public WiteOnly Property Rts() As Bool ean
Set (ByVal Val ue As Bool ean)
If Not mhRS = -1 Then
I f Val ue Then
EscapeConmfuncti on(mhRS, Lines. SetRts)
El se
EscapeConmfuncti on(mhRS, Lines. d earRts)
End | f
End | f
End Set
End Property

This property gets or sets the StopBit
Public Property StopBit() As DataStopBit
Get
Ret urn nmeSt opBi t
End Cet
Set (ByVal Val ue As DataStopBit)
meSt opBit = Val ue
End Set
End Property

This property gets or sets the Tineout
Public Overridable Property Tinmeout() As Integer
Get
Ret urn m Ti meout
End Get
Set (ByVal Val ue As I|nteger)
m Timeout = Cint(lIl1f(Value = 0, 500, Value))
If Port is open updates it on the fly
pSet Ti meout ()
End Set
End Property
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This property gets or sets the working node to overl apped
or non-overl apped.
Public Property Wrki ngMbde() As Mde
Get
Ret urn neMode
End Get
Set (ByVal Val ue As Mode)
nmeMbde = Val ue
End Set
End Property

#End Regi on

#Regi on "W n32API "
The followi ng functions are the required Wn32 functi ons needed
to
make conmuni cation with the Comm Port possi bl e.

<D Il mport("kernel 32.dl1")> Private Shared Function Buil dConmDCB( _
ByVal |pDef As String, ByRef |pDCB As DCB) As | nteger
End Functi on

<D I I mport("kernel 32.dl1")> Private Shared Function
Cl ear CommError( _
ByVal hFile As Integer, ByVal |pErrors As Integer,
ByvVal | As Integer) As |nteger
End Function

<D Il mport("kernel 32.dl1")> Private Shared Function C oseHandl e( _
ByVal hCbject As Integer) As Integer
End Function

<D Il mport("kernel 32.dl1")> Private Shared Function CreateEvent( _
ByVal | pEventAttributes As Integer, ByVal bMinual Reset As
I nteger, _
ByVal blnitial State As Integer, _
<Mar shal As( UnmanagedType. LPStr) > ByVal | pName As String) As
I nt eger
End Function

<D Il mport("kernel 32.dl1")> Private Shared Function CreateFile( _
<Mar shal As(UnmanagedType. LPStr)> ByVal | pFileNane As String, _
ByVal dwDesiredAccess As |nteger, ByVal dwShareMde As |nteger,

ByVal | pSecurityAttributes As |Integer, _

ByVal dwCreationDi sposition As Integer,

ByVal dwFl agsAndAttributes As |nteger, _

ByVal hTenpl ateFile As Integer) As I|nteger
End Function

<D I I mport("kernel 32.dl1")> Private Shared Function
EscapeConmfunction( _
ByVal hFile As Integer, ByVal ifunc As Long) As Bool ean
End Function

151





Visual Basic Code Appendix E

<D I I mport("kernel 32.dl1")> Private Shared Function
For mat Message( _
ByvVal dwFl ags As |Integer, ByVal |pSource As Integer, _
ByVal dwivessageld As |Integer, ByVal dwLanguageld As I|nteger,
<Mar shal As( UnmanagedType. LPStr) > ByVal | pBuffer As String, _
ByVal nSize As Integer, ByVal Argunents As |Integer) As Integer
End Function

Private Declare Function Format Message Lib "kernel 32" Alias _

" For mat MessageA" (ByVal dwrl ags As Integer, ByVal |pSource As
I nteger, _

ByVal dwivessageld As |Integer, ByVal dwLanguageld As I|nteger,

ByVal |pBuffer As StringBuilder, ByVal nSize As Integer,

ByVal Argunents As Integer) As |nteger

<Dl I I mport("kernel 32.dl1")> Public Shared Function
Cet Commvbdentt at us( _
ByVal hFile As Integer, ByRef |pMdentStatus As Integer) As
Bool ean
End Function

<D Il mport("kernel 32.dl1")> Private Shared Function Get Coormftate( _
ByVal hCommDev As Integer, ByRef | pDCB As DCB) As Integer
End Function

<D I I mport("kernel 32.dl1")> Private Shared Function
Cet ComrmTi neout s _
ByVal hFile As Integer, ByRef |pCommii meouts As COWII MEQUTS)
As | nteger
End Function

<D Il mport("kernel 32.dl1")> Private Shared Function GetLastError()
As | nteger
End Function

<D I I mport("kernel 32.dl1")> Private Shared Function
Cet Overl appedResul t (
ByVal hFile As Integer, ByRef |pOverlapped As OVERLAPPED,
ByRef | pNunmber O Byt esTransferred As I|nteger,
ByVal bWait As Integer) As |nteger
End Function

<D Il mport("kernel 32.dl1")> Private Shared Functi on PurgeCom( _
ByvVal hFile As Integer, ByVal dwFl ags As Integer) As I|nteger
End Function

<D Il mport("kernel 32.dl1")> Private Shared Function ReadFile( _
ByVal hFile As Integer, ByVal Buffer As Byte(),
ByVal nNunber O Byt esToRead As | nt eger,
ByRef | pNunber O Byt esRead As I nteger, _
ByRef | pOverl apped As OVERLAPPED) As I nteger
End Function

<D I I mport("kernel 32.dl1")> Private Shared Function
Set CormTi neout s( _
ByVal hFile As Integer, ByRef |pComii meouts As COWII MEQUTS)
As | nteger
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End Functi on

<Dl Il mport("kernel 32.dl1")> Private Shared Function Set Cormftate( _
ByVal hCommDev As Integer, ByRef | pDCB As DCB) As Integer
End Function

<D Il mport("kernel 32.dl1")> Private Shared Function SetupCom( _
ByVal hFile As Integer, ByVal dwi nQueue As Integer,
ByVal dwQut Queue As |Integer) As Integer

End Function

<D Il mport("kernel 32.dl1")> Private Shared Function Set Commvask( _
ByVal hFile As Integer, ByVal |pEvtMask As Integer) As |nteger
End Function

<D I I mport("kernel 32.dl1")> Private Shared Function
Wai t ConmEvent ( _
ByVal hFile As Integer, ByRef Mask As Event Masks,
ByRef | pOverlap As OVERLAPPED) As | nteger
End Function

<D I I mport("kernel 32.dl1")> Private Shared Function
Wi t For Si ngl eCbj ect ( _
ByVal hHandl e As Integer, ByVal dwMIIliseconds As Integer) As
I nt eger
End Function

<D Il mport("kernel 32.dl1")> Private Shared Function WiteFile( _
ByVal hFile As Integer, ByVal Buffer As Byte(),
ByVal nNunber Of Byt esToWite As |Integer, _
ByRef | pNunber O BytesWitten As |Integer, _
ByRef | pOverl apped As OVERLAPPED) As I|nteger
End Function

#End Regi on
#Regi on " Met hods"

This subroutine invokes a thread to perform an asynchronous read.
This routine should not be called directly, but is used
by the cl ass.
Public Sub R()
DmiRet As |Integer = Read(m TnpByt es2Read)
End Sub

This subroutine invokes a thread to perform an asynchronous wite.
This routine should not be called directly, but is used
by the cl ass.
Public Sub W)
Wit e( mabt TnpTxBuf)
End Sub

This subroutine uses another thread to read fromthe Comm Port.

rai ses RxConpl eted when done. It reads an integer.
Public Overl oads Sub AsyncRead(ByVal Bytes2Read As | nteger)
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I f meMbde <> Mode. Overl apped Then Throw New
Appl i cati onException( _
"Async Met hods al |l owed only when Wr ki ngMbde=COver | apped")
m TnpByt es2Read = Byt es2Read
nmoThr eadTx = New Thread( AddressCf _R)
nmoThreadTx. Start ()
End Sub

Thi s subroutine uses another thread to wite to the Comm Port. It
rai ses TxConpl eted when done. It wites an array of bytes.
Public Overloads Sub AsyncWite(ByVal Buffer() As Byte)
I f meMbde <> Mode. Overl apped Then Throw New
Appl i cati onException( _
"Async Met hods al |l owed only when Wr ki ngMbde=COver | apped")
If mbVaitOnWite = True Then Throw New Appli cati onException( _
"Unabl e to send nessage because of pending transm ssion.")
mabt TnpTxBuf = Buffer
moThreadTx = New Thread(AddressOf W
nmoThreadTx. Start ()
End Sub

Thi s subroutine uses another thread to wite to the Conm Port. It
rai ses TxConpl eted when done. It wites a string.
Public Overl oads Sub AsyncWite(ByVal Buffer As String)
D m oEncoder As New System Text. ASCl | Encodi ng
Dim aByte() As Byte = oEncoder. Get Byt es(Buffer)
Me. AsyncWit e(aByte)
End Sub

This function takes the MdentStatusBits and returns a bool ean
val ue
signi fying whether the Modemis active.
Public Function CheckLi neStatus(ByVal Line As MdentStatusBits) As
Bool ean
Ret urn Convert. ToBool ean( Modentt at us And Li ne)
End Function

This subroutine clears the input buffer.
Public Sub d earl nputBuffer()
If Not mhRS = -1 Then
Pur geCom( mhRS, PURGE_RXCLEAR)
End | f
End Sub

This subroutine closes the Comm Port.
Public Sub C ose()
If mhRS <> -1 Then
G oseHand! e( mhRS)
mRS = -1
End | f
End Sub

Thi s subroutine opens and initializes the Conm Port
Publ i c Overl oads Sub Open()
' Get Dcb bl ock,Update with current data
DimuDcb As DCB, i Rc As Integer
Set wor ki ng node
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DmiMde As Integer = Convert. Tolnt32(11f(nmeMde =
Mode. Over | apped, _
FI LE FLAG OVERLAPPED, 0))
Initializes Com Port
If miPort > 0 Then
Try
Creates a COM Port stream handl e
MRS = CreateFile("COM & mi Port. ToString
GENERI C READ Or GENERIC WRI TE, 0, O,
OPEN_EXI STI NG i Mode, 0)
If mhRS <> -1 Then
Clear all conunication errors
Di m | pErr Code As Integer
i Rc = d ear CommError (mhRS, | pErr Code, 08&)
Clears I/O buffers
i Rc = PurgeComm( mhRS, PurgeBuffers. RXClear O _
Pur geBuf f ers. Txd ear)
Gets COM Settings
i Rc = CGet Cormtt at e( mhRS, uDcb)
Updat es COM Settings
DimsParity As String = "NOEM
sParity = sParity. Substring(nmeParity, 1)
Set DCB State
DimsDCBState As String = String. Format( _
"baud={ 0} parity={1} data={2} stop={3}", _
m BaudRate, sParity, mDataBit, Clint(nmeStopBit))
i Rc = Bui | dCommDCB(sDCBSt at e, uDchb)
i Rc = Set Cormtt at e( mhRS, uDcb)
If iRc = 0 Then
DimsErrTxt As String =
pErr2Text (CGet LastError())
Thr ow New Cl OChannel Exception( _
"Unable to set COM state0" & sErrTxt)
End | f
Setup Buffers (Rx, Tx)
i Rc = SetupComm(mhRS, mi BufferSize, m BufferSize)
Set Timeouts
pSet Ti meout ()
El se
Rai se Initialization problens
Thr ow New Cl OChannel Exception( _
"Unable to open COM' & nmiPort. ToString)
End | f
Catch Ex As Exception
CGenerica error
Thr ow New Cl CChannel Excepti on( Ex. Message, Ex)
End Try
El se
Port not defined, cannot open
Throw New Appl i cationException("COM Port not defined, " + _
"use Port property to set it before invoking InitPort")
End | f
End Sub

Thi s subroutine opens and initializes the ConmPort (overl oaded

to support paraneters).
Public Overloads Sub Open(ByVal Port As Integer,
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ByVal BaudRate As Integer, ByVal DataBit As Integer, _
ByVal Parity As DataParity, ByVal StopBit As DataStopBit,
ByVal BufferSize As |nteger)

Me. Port = Port

Me. BaudRat e = BaudRat e

Me. DataBit = DataBit
Me.Parity = Parity

Me. StopBit = StopBit

Me. BufferSize = BufferSize
Open()

This function translates an APl error code to text.
Private Function pErr2Text(ByVal | Code As Integer) As String
D m sRtrnCode As New StringBuil der (256)
Dm I Ret As |nteger

| Ret = For mat Message( &H1000, O, | Code, 0, sRtrnCode, 256, 0)
If IRet > 0 Then
Return sRtrnCode. ToString
El se
Return "Error not found."
End If

End Functi on

Thi s subroutine handl es overl apped reads.
Private Sub pHandl eOver| appedRead(ByVal Bytes2Read As | nteger)
Dimi ReadChars, iRc, iRes, ilLastErr As Integer
muOver | apped. hEvent = CreateEvent (Not hing, 1, 0, Nothing)
I f muOverl apped. hEvent = 0 Then
' Can't create event
Throw New Appli cati onException( _
"Error creating event for overlapped read.")
El se
Ovel | aped reading
I f nbWait OnRead = Fal se Then
ReDi m mabt RxBuf ( Byt es2Read - 1)
i Rc = ReadFil e(nhRS, mabt RxBuf, Bytes2Read,
i ReadChars, nuOverl apped)
If iRc = 0 Then
i LastErr = CGetlLastError()
If iLastErr <> ERROR | O PENDI NG Then
Thr ow New Argunent Excepti on(" Overl apped Read

Error: " & _
pErr2Text (i LastErr))
El se
Set Fl ag
nbVai t OnRead = True

End I f

El se

Read conpl eted successful ly

Rai seEvent Dat aRecei ved( Me, nabt RxBuf)

End I f

End I f
End I f
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Wait for operation to be conpleted
I f nbWai t OnRead Then
i Res = Wit For Si ngl e(bj ect (muQver | apped. hEvent, m Ti meout)
Sel ect Case i Res
Case WAI T_OBJECT_O
hj ect signal ed, operation conpl et ed
I f GetOverl appedResul t (MRS, nuOverl apped,
i ReadChars, 0) = 0 Then
" QOperation error
i LastErr = GetLastError()
If iLastErr = ERROR | O I NCOWPLETE Then
Throw New Appli cati onException( _
"Read operation inconplete")
El se
Throw New Appl i cati onException( _
"Read operation error " &
i LastErr. ToStri ng)
End | f
El se
" QOperation conpleted
Rai seEvent Dat aRecei ved( Me, nabt RxBuf)
nmbWai t OnRead = Fal se
End | f
Case WAI T_TI MEQUT
Thr ow New | OTi neout Excepti on(" Ti neout error")
Case El se
Throw New Appl i cati onException("Overl apped read
error")
End Sel ect
End | f
End Sub
" This subroutine handl es overl apped wites.
Private Function pHandl eOverl appedWite(ByVal Buffer() As Byte) As
Bool ean
DimiBytesWitten, iRc, ilLastErr, iRes As Integer, bErr As
Bool ean
muOver | appedW hEvent = Creat eEvent (Not hing, 1, 0, Nothing)
I f muOverl appedW hEvent = 0 Then
' Can't create event
Throw New Applicati onException( _
"Error creating event for overlapped wite.")
El se
" Overllaped wite
Pur geCom{ mhRS, PURGE_RXCLEAR Or PURGE_TXCLEAR)
nbWai t OnRead = True
iRc = WiteFile(nmhRS, Buffer, Buffer.Length,
i BytesWitten, nuOverl appedW
If iRc = 0 Then
i LastErr = GetLastError()
If iLastErr <> ERROR_| O PENDI NG Then
Thr ow New Argunent Excepti on(" Overl apped Read Error:

pErr2Text (i LastErr))

El se
Wite is pending
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i Res = Wit For Si ngl eCbj ect (muOver | appedW hEvent ,

I NFI NI TE)
Sel ect Case i Res
Case WAI T_OBJECT_O
hj ect signal ed, operation conpl et ed

I f GetOverl appedResul t (MRS, nuOverl appedW
i BytesWitten, 0) = 0 Then
bErr = True

El se

Notifies Async tx conpl etion, stops
t hr ead

nmbWai t OnRead = Fal se
Rai seEvent TxConpl et ed( Me)

End If

End Sel ect
End If
El se
Wait operation conpleted imediatly
bErr = Fal se
End If
End If

Gl oseHandl e(nuOver | appedW hEvent)
Return bErr
End Function

This subroutine sets the Conm Port tineouts.
Private Sub pSet Ti neout ()
DimuC m As COWII MEQUTS
Set Conili nmeout
If mhRS = -1 Then
Exit Sub
El se
Changes setup on the fly
Wth uCm
.Readl nterval Ti nreout = 0
. ReadTot al Ti meout Mul tiplier =0
. ReadTot al Ti neout Const ant = m Ti meout
.WiteTotal TineoutMiltiplier = 10
.WiteTotal Ti meout Constant = 100
End Wth
Set ComrmTi neout s(mhRS, uC n
End | f
End Sub

This function returns an integer specifying the nunber of bytes
read fromthe Conm Port. It accepts a paraneter specifying the
number
of desired bytes to read.
Publ i ¢ Function Read(ByVal Bytes2Read As Integer) As Integer
D mi ReadChars, i Rc As I|nteger

I f Bytes2Read not specified uses Buffersize
If Bytes2Read = 0 Then Bytes2Read = m BufferSize
If mhRS = -1 Then
Throw New Appli cati onException( _
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"Please initialize and open port before using this
met hod")
El se
Get bytes from port
Try
Purge buffers
" Pur geCom( mhRS, PURGE_RXCLEAR Or PURCE_TXCLEAR)
Creates an event for overl apped operations
I f meMbde = Mbde. Overl apped Then
pHandl eOver | appedRead( Byt es2Read)
El se
Non overl apped node
ReDi m mabt RxBuf ( Byt es2Read - 1)
i Rc = ReadFil e(nhRS, mabt RxBuf, Bytes2Read,
i ReadChar s, Not hi ng)
If iRc = 0 Then
Read Error
Throw New Appl i cati onException( _
"ReadFile error " & iRc.ToString)
El se
Handl es tineout or returns input chars
I f i ReadChars < Bytes2Read Then
Thr ow New | OTi meout Excepti on(" Ti neout
error")
El se
nmbWai t OnRead = True
Return (i ReadChars)
End | f
End | f
End | f
Catch Ex As Exception
O hers generic erroes
Throw New Applicati onException("Read Error: " &
Ex. Message, Ex)
End Try
End | f
End Function

This subroutine wites the passed array of bytes to the
Conm Port to be witten.
Public Overloads Sub Wite(ByVal Buffer As Byte())
DmiBytesWitten, i Rc As |Integer

If mhRS = -1 Then
Throw New Appli cati onException( _
"Please initialize and open port before using this
met hod")
El se
Transmit data to COM Port
Try
I f meMbde = Mbde. Overl apped Then
Overl apped wite
I f pHandl eOverl appedWite(Buffer) Then
Throw New Applicati onException( _
"Error in overllapped wite")
End | f
El se
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Clears 10 buffers
Pur geCom{ mhRS, PURGE_RXCLEAR Or PURGE_TXCLEAR)
iRc = WiteFile(mhRS, Buffer, Buffer.Length,
i BytesWitten, Nothing)
If iRc = 0 Then
Throw New Appl i cati onException( _
"Wite Error - Bytes Witten " & _
i BytesWitten. ToString & " of " & _
Buf fer. Lengt h. ToStri ng)
End | f
End | f
Catch Ex As Exception
Thr ow
End Try
End | f
End Sub

This subroutine wites the passed string to the
Comm Port to be written.
Public Overloads Sub Wite(ByVal Buffer As String)
D m oEncoder As New System Text. ASCl | Encodi ng
Dim aByte() As Byte = oEncoder. Get Byt es(Buffer)
Me. Wite(aByte)
End Sub

#End Regi on

End d ass
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