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ABSTRACT

This project concerns runners as its target users because running is the
most widely used endurance test for both athletes and non-athletes. Of late,
bulky equipments are required to measure speed and pulse rates for endurance
assessment. To amend the situation, the designers have incorporated both speed
and pulse rate measurements into a single device. This was done by compressing
the prototype circuit into a small printed circuit board (PCB), using nickel-metal
hydride batteries, and the use of a strap to hold the stethoscope and the circuit
along the wrist. The device was able to provide mobility because of the
rechargeable batteries and wireless transmission of data using ZigBee. Further, a
software application is included to translate data into readable information. This
design will have a large impact on those who undergo endurance tests as it will
ease condition monitoring, from endurance, by providing graphical interpretation
of the activity and portability on devices used.

Keywords: endurance, ZigBee, USB, software application, rechargeable battery



Chapter 1

DESIGN BACKGROUND AND INTRODUCTION

Background

Often times, trainers have a hard time measuring the intensity of the
training they impart to their trainees and the performance of the individual
throughout the training program. Although some trainers are eased in measuring
such quantity, measurements are sometimes, if not are always subjected to
approximation. Individuals’ tolerance to their exercise is one of the most
essential parameters a trainer should consider as it can assess the endurance of
an individual to its activity. People often exercise longer and harder so they can
improve. But without adequate rest and recovery, these training regimens can

backfire, and actually decrease performance.

Given that the design incorporates the use of accelerometer and
stethoscope in assessing the conditioning of the person during running activities
or exercises. Pulse rate is useful for monitoring the individual’s condition on a

daily basis.

As stated above, the design uses an accelerometer to determine the hand

movements of the corresponding trainee from start to end which will be timed.



From this, we can obtain the overall duration of the individual’s exercise. The use
of pulse-rate measuring device will provide data on whether the person can
tolerate the exercise and recover from the fatigue it can cause. Thus, the
endurance of the trainee is assessed using the pulse-rate measurer preventing a
course to overtraining that diminishes the performance of an individual.
Endurance will be assessed using the Karvonen Formula, one of the most
effective methods used to calculate training heart rate and was also advised by
the doctor from the Rehabilitation Center that the group had consulted. It also
uses ZigBee Technology to transfer training data to the trainer or to a designated
individual wirelessly through a USB. A software application is programmed by

the proponents to translate the data to readable information.

It has five major components, namely Lap Indicator Module,
accelerometer, ZigBee module, improvised stethoscope, and USB storage

module.

Statement of the Problem

Pedometers and Pulse Oximeters are the usual equipments of athletes
nowadays. Pedometers require a belt and a pair of shoes to function while pulse
oximeters can either be worn on the finger-tip, earlobe, or toe to function. From

the latter, it can be safely assumed that the said devices will become



cumbersome while using the two functionalities of pedometers and pulse
oximeters. Due to this scenario, a solution is considered to lessen the discomfort
from wearing many things during workout exercises by combining both pulse
and pace measurement into one wrist-worn device. And so the proponents came
up with a design having an additional feature of assessing and monitoring one'’s
speed and endurance. This design measures the pulse rate at the wrist along the
ulnar artery. The main determinant of running speed is time where the input
distance — required to be run by the user — is divided by the time it took to
cover the distance. These measured data are wirelessly transmitted to a USB
receiver and will eventually be used as an input to a software application for

evaluation.

Objectives of the Design

General Objective

The wearable speed and endurance assessment and monitoring system
using accelerometer and improvised stethoscope with USB receiver via Zigbee
Technology aim to combine two important features, namely pulse and pace
measurement to a single wireless device, as these gathered data will be an input

to evaluate the user’s speed and endurance.



Specific Objectives

1. To measure the pulse rate of the user using an improvised stethoscope
with a minimum requirement of percent difference that is not greater than
5% and will use the data to evaluate the individual’s endurance along with
the inputs namely as age and resting heart rate in a formula.

2. To measure the time the user finished a lap using the microcontroller’s
interrupt timer and infrared module with a minimum requirement of
percent difference that is not greater than 5%.

3. To transmit data wirelessly to a USB receiver using ZigBee Pro and USB
VDIP circuit, and to translate data into readable information using
program software.

4. To evaluate the pulse rate together with inputs, namely, age and resting
heart rate for the user’s endurance using Karvonen formula.

5. To evaluate the time along with the input distance for user’s speed.

Significance and Impact of the Design

The significance of the design is for the trainers, runners, sport
enthusiasts, or simply an individual having exercise / training programs to have a
device that assesses and monitors their pulse rate, endurance and speed. This

project can help them improve their speed and endurance abilities. They can



monitor their training activities because the data can be transferred and stored
at Universal Serial Bus (USB). This design contributes in the advancement of the
technology since a pulse rate measurer, accelerometer and ZigBee are all in one
device without affecting the runners’ carrying weight. Through this design, it is
expected that a sufficient training and a maximum health safety will be made

reaching every individual’s target endurance.

The impact of the design influences three realistic constraints, namely
social, ethical, and health and safety. The implementation of the design offers
freedom among users that will come to utilize the device which comprises the
social constraint. However, appropriate outcome of the device depends a lot on
the wearer. Since the device can accept correct but invalid inputs, unethical
users may use the device to falsify their training. On the other hand, unethical
coaches can come to manipulate the data and cover up possible frauds since the
file is in text format. Health and safety constraints concern the use of a pulse

rate measurer to monitor an individual’s cardiovascular condition.



Scope and Delimitation

Scopes:

The design includes:

measurement of the time it takes for the user to complete a single
lap while hands are in motion using a microcontroller counter.
recognition of hand movement using an accelerometer.

pressing of a button to start the timer interrupt of the
microcontroller before running.

infrared transmission by placing lap indicator module on the start
line at the same time the finish line of the track to signal the
receiver, on the device worn, for the beginning and completion of a
lap, respectively.

measurement of individual's pulse-rate by standing still after
completing the final lap using an improvised stethoscope.

serial transfer of data to a USB interface.

assessment of speed and endurance by plugging the USB into a
computer where the evaluating software application is installed.
wireless transmission of data through ZigBee Pro which has a
maximum range of 1.5 km, but is expected to decrease from

various factors such as walls, humidity, temperature, and the like.



e rechargeable batteries to power devices, since running is for an

outdoor environment.

Delimitations:
e The design will encounter valid but incorrect outputs, specifically
swaying of hands while at rest.
e The user must not be adjacent to the Infrared Sensor at the end of

the last lap when measuring the pulse rate.



Definition of Terms

Athletic Attributes or feats are quantifiable skills of an athlete that are shown

to be measurable through electronic devices.

Accelerometer measures the static acceleration of gravity in tilt-sensing
applications, as well as dynamic acceleration resulting from motion or vibration

(Charles, 2007).

Endurance is the time limit of a person's ability to maintain either a specific

force or power involving muscular contractions (Morgan, 2001).

Exercise is a physical activity that is planned, structured, and repetitive for the
purpose of conditioning any part of the body. Exercise is utilized to improve
health, maintain fitness and is important as a means of physical rehabilitation

(Bookhout and Grenman, 2001).

Overtraining is a condition that is usually occurring in athletes who are training
for competition then exercise outside the body's ability to pull through (Redding,

2001).


http://medical-dictionary.thefreedictionary.com/Endurance

Real-time is a representation of the time at which an output is obtained from

an input.

Speed is the rate or a measure of the rate of motion, especially distance

travelled divided by the time of travel (Young and Freedman, 2004).

Throughput is the interval in which an output is realized from an input.

Universal Serial Bus (USB) is a set of connectivity specifications developed by
Intel in collaboration with industry leaders. USB allows high-speed, easy

connection of peripherals to a PC. [The Intel Microprocessors-Fifth Edition]

ZigBee is a proprietary set of high level communication protocols designed to
use small, low power digital radios based on the IEEE 802.15.4 standard for

wireless personal area networking.



Chapter 2

REVIEW OF RELATED DESIGN LITERATURES AND STUDIES

This chapter includes compiled research works and studies that are
related to the design. The content of this chapter is used as reference for the
development of the design. The group used the following related articles,
research works, and inventions as reference which will aid in having an in-depth

understanding about the design that the group worked on.

Khalil and Sornanathan (2010) says that a real time system that monitors
and analyzes the physical signals during fitness activity was called CaszOxiSys.
The system has light-emitting diode and photodiode used to receive signals.
Bluetooth was used to transmit these signals wirelessly a netbook or laptop for
signal evaluation. The Karvonen formula was also used in this paper in which it
calculates the heart rate based on age, gender, resting heart rate, maximum
heart rate and fitness level. With this paper, the Karvonen formula acts as a
guideline for fitness workout sessions. This paper is related to our design since
the CaszOxiSys was used to analyze the physiological data of an individual same
as with our software program that evaluates the endurance of a person. The
design used the Karvonen formula to make an evaluation of the person’s
endurance. It also supports the design in using the formula because they also

used it as reference. The paper transmits data using Bluetooth, this design uses

10



a Zigbee Pro. They also used pulse oximeter for measuring the pulse rate while

this design is through an improvised stethoscope.

Ohyama et. al. (2007) based their studies on using the Karvonen formula
and the rating of their actual actions. The electric cart was installed by a knob
that allows the driver to continuously vary the pedal load between the
exhausting and assisted modes. A gain-scheduling cart control system s
designed that will guarantee the stability of the cart system for any pedal load in
the allowed range, and a stability condition is derived using dynamic parallel
distributed compensation. They determined the perspective of ergonomics based
on the Karvonen formula since it assists the person’s physical condition that will

be using in the electric cart.

According to the research, “Monitoring Athletes’ Physiological Responses
to Endurance Training with Genomic-wide Expression Data” , it is a system of
fixed effect regression modeling for genome-wide expression data from DNA
microarray hybridization. This research was accepted last September 2 2007. In
monitoring athletes” physiological responses to endurance training, statistical
methods in longitudinal or matched case-control data analysis were discussed.
Ilene Chen, Ling-Hong Tseng, Hiroto Homma, Hong Yan and L. Lloyd Keith used
the technique called fixed effect regression modeling in identifying the significant

differential expressed genes with endurance training-induced muscle contraction.
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They also used fixed effect logistic regression modeling to study a gene
expression model relating to endurance training-induced vastus lateralis muscle
contraction. And they found out that the development of carbohydrate, lipid and
energy metabolisms, respectively, the presence of the deleterious effects of
oxygen from the metabolic reduction of the reactive oxygen species, and the
transcriptional regulations of endurance training-induced vastus lateralis muscle
contraction status. The paper also described that it can supply general tools to
monitor athletes’ physiological responses to endurance training on the genomic
scale. This relates to the Wearable Endurance Monitoring using USB via Zigbee
Technology of the proponents because it monitors the athletes’ physiological
responses like their endurance. The project design measures the pulse rate and
relates it with the other inputted information like age, gender and weight to

assess the endurance of the user.

According to Cheng and Hailes (2008), the main function of the project is
to evaluate whether inertial sensors are useful for detecting the smallest details
of a rapidly moving (foot) motion of a sprinter, which would be useful for
coaching support. Also, in this article, it was shown the on-body wireless inertial
sensing system, and was analyzed in three aspects: a) a foot motion analysis
using the collected inertial data of sprinters; b) the system's physical
characteristics (i.e. weight and operational behaviour); and c) the system's

wireless performances. In the proposed design case, to further analyze the

12



improvement of the performance of an athlete, the proponents will be using an
accelerometer sensor and a pulse rate sensor. With this, it will measure the
speed of the athlete all throughout the course of his exercise and also the
sequence of events the athlete jumped as jumping records a sudden increase in
the reading of the accelerometer. The use of pulse-rate measuring device will
provide data on whether the athlete can tolerate the exercise and recover from

the fatigue it can cause.

He and Jin (2008) talk all about proposing a gesture recognition based on
single tri-axis accelerometer mounted on a cell phone for human computer
interaction. By using the accelerometer which measures the amount of
acceleration of a device in motion enables three kinds of gesture interaction
methods: tilt detection, shake detection, and gesture recognition. Thought there
are other devices used in gesture recognition, it is much advisable to use the
accelerometer because those other devices focus on recognizing the simple
gestures only such as Arabic numerals, simple linear movement and directions.
With this research, the three feature extraction methods are presented, namely
discrete cosine transform, Fast Fourier transform and a hybrid approach which
combine wavelet packet decomposition with FFT. Supporting documentaries
show that all three proposed feature can recognize the 17 complex gestures
based on a single tri-accelerometer. By this information, it is very helpful to the

proponents in developing the design. Accelerometer will be used to measure the

13



gesture of the athletes. With this, it can detect whenever the user starts or stops
performing and thus it can be a basis to know how far the user is running. When
the accelerometer detects the motion of the user the timer will automatically

start, and stop as the accelerometer detects that there is no more motion.

Fu (2008) presents a method to recognize the arm motions performing
within a short time for instant interaction called gesture strokes. It also used a
computer vision and linear accelerometer. The arm motion was first detected by
the accelerometer with a time window. From this window, the information
gathered will be used by these two sensory systems which individually estimate
the probability mass distribution of the gesture stroke classes. The set of weight
exponents are learned by the Nelder-Mead method that minimizes the empirical
error rate of classifying all training samples. The experiments show that these
two sensory systems encompass with each other and the combination framework
improves the recognition correct rate. This research was related to the project
design of the proponents because gesture strokes were also the bases in
completing this design. The proponents chose this paper because it accounts
arm motions for a short time in an instant interaction, accelerometer and sensory

systems were used and so for the proposed design.

The paper entitled Signal Processing of The Accelerometer on Handheld

Devices, issued last November 2003, reports about treating signals of

14



accelerometers to recognize user gestures from detected signals from
accelerometers after applying small accelerometers to handheld devices, and
about how to precisely recognize gestures to detect user gestures. It also
accounts how to use handheld devices in recognizing gestures by overheads
arising from the process of recognizing gestures should be little and gestures
should be effectively recognized in real operational environments. The result
states that because gesture-based control is easy to use plus it can reduce
preparation process in controlling rapid system reaction then, it is a proper user
interface for handheld devices primarily used in mobile environments. This paper
relates to the design of the proponents because small accelerometer was used in
a handheld device. This project design also uses small accelerometer that comes
in a small package plus it is a wearable device. The proponents chose this paper
because it has same approach that a small accelerometer detects and recognizes

the gesture of the users on a handheld device.

From the article “Evaluation of Neural Networks to Identify Types of
Activity Using Accelerometers” they used the ActiGraph accelerators which were
placed on each of the subject’s hip and ankle. Their purpose here was to develop
and evaluate two artificial neural network (ANN) models based on single-sensor
accelerometer data and an ANN model based on the data of two accelerometers
for the identification of types of physical activity in adults. The subjects were also

given a sequence of activities like sitting, standing, using the stairs, and walking

15



and cycling at two self-paced speeds. The model based on the hip accelerometer
data and the model based on the ankle accelerometer data correctly classified
the five activities 80.4% and 77.7% of the time respectively, while the model
based on the data from both sensors achieved a percentage of 83.0%. The hip
model produced a better classification of the activities cycling, using the stairs,
and sitting, whereas the ankle model was better able to correctly classify the
activities walking and standing still. All three models often misclassified using the
stairs and standing still. The accuracy of the models significantly decreased when
a distinction was made between regular versus brisk walking or cycling and
between going up and going down the stairs. From the study, we can determine
what the person is currently doing with the help of the ActiGraph accelerators.
The proponents chose this article because it shows how an accelerator can
determine the current action of the person and distinguish it from the other

actions.

Lee et. al. (2007), implementation of accelerometer sensor module is an
application to sports athletes' exercise measurement and pattern analysis. It is
about the implementation of wireless accelerometer sensor module and
algorithm to determine wearer's posture, activity and fall. According to the
article, this research uses wireless RF module which measures accelerometer
signal and shows the signal at 'Acceloger' viewer program in PC. Using the same

principle, the proponents will be using accelerometer sensor module to

16



determine the directional movements of the corresponding athlete. From this, it
can measure the speed of the athlete all throughout the course of his exercise.
And instead of using wireless RF module, the developers come up with the idea

of using Zigbee module.

Yangin (2008) discusses the principle of this project which is to describe
the latest developments in body sensor networks (BSN) for athletes during
training and outline the technical requirement of Sports-BSN hardware design,
miniaturisation, packaging, as well as the real-time data processing, sensor
fusion, and data visualisation issues. It has motivated the use of wearable
devices for sports performance sensing with the need for monitoring athletes
under natural training environment. This helps the proponents in developing the
proposed design since it aims to miniaturize the packaging of the hardware
design which is approximately 5 cm x 7 cm and 2.5 cm thick. It also helps to
satisfy every athlete that comes to utilize the device in terms of convenience,
portability, and usability. While athletic performances continue to improve, the
accurate training prescription and feedback become important to the consistency

of the training outcome and maintaining the performance margin.

Cheng et. al. (2010), is all about a practical, cost-effective, user-friendly
stride-parameter sensing system - known as the Sensing for Sports And

Managed Exercise (SESAME) Integrated System (IS) - which is the first system

17



for supporting practical and long-term biomechanics research studies in
sprinting. According to the article, the device measures some parameters of
sprinters, such as split times (i.e. which is speed-related), foot contact times,
stance times, stride/step length, and stride/step frequency, etc. which are
important factors affecting athletes' performances. The system includes a light-
sensor-based split time monitoring system, a radio-based localization athlete
tracking system, a stride length monitoring system, and a centralized data
repository. It is somehow related to the proposed design since it measures
different parameters of different movements of an athlete. The pulse rate sensor
and accelerometer sensor can measure an individual's speed, directional
movement and pulse-rate. The speed and movement are measured from the
motion of the body part to be detected by the accelerometer. It will also use
ZigBee module to instantly transfer training data to the coach or to an
appropriate person wirelessly. To further increase its portability, it can also

transfer data through USB (Universal Serial Bus).

Moron et. al. cite the concept of a wearable device which gives a great
impact on medical applications. This paper illustrates the different benefits of a
wireless technology. One of these is that it provides freedom of movements since
no wires will hinder the user and so it will improve the user’s quality of life. Great
benefit of a wireless device is that it increments the medical presence in

emergency scenarios and makes possible remote diagnosis. This research helps

18



the proponents to come up with the idea of a wearable endurance detection
device which gives a unique quality to other inventions present today. This will
serve as a two-in-one device which includes a pulse rate sensor and a gesture
recognition system. It will be presented on a medium size package or a

“wearable” manner, specifically to be put on wrists.

Zucatto et. al. (2007) deal with the difference between ZigBee and
Bluetooth, and the basic concepts of ZigBee. ZigBee, arrived in 2005 in 2.4 GHZ
band and has a lower data rate than Bluetooth, spends most of its time
snoozing, and targets building automation as the main application. ZigBee is a
wireless technology that is a low cost yet long reach (100 m). This study shows
that ZigBee represents a promising technology for the development of innovative

products. ZigBee battery lifespan can possibly be up to 300 days.

Wireless Sensor Data Collection based on ZigBee Technology that was
published last June 2010 envisions a comparison of different configurations of a
wireless sensor system for capturing human motion. The researchers discussed
the different systems used in this study. The systems consist of sensor elements
which wirelessly transfer motion data to a receiver element. The sensor elements
consist of a microcontroller, accelerometer(s) and a radio transceiver. The
receiver element consists of a radio receiver connected through a microcontroller

to a computer for real time sound synthesis. The wireless transmission between
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the sensor elements and the receiver element is based on the low rate IEEE
802.15.4/ZigBee standard. A configuration with several accelerometers
connected by wire to a wireless sensor element is compared to using multiple
wireless sensor elements with only one accelerometer in each. The study shows
that it would be feasible to connect 5-6 accelerometers in the given setups.
Sensor data processing can be done in either the receiver element or in the
sensor element. For various reasons it can be reasonable to implement some
sensor data processing in the sensor element. The said research was based on
Zigbee Technology as what the project design of the proponents should be
carried out. It also states that the data that will be collected were be transmitted
through Zigbee module, the said design also uses this information in gathering
data that will be sent to USB held by the coaches. This paper was chosen
because it gives a background information on how Zigbee module will transmit
data to a receiver element. And the device used in this paper consists of an

accelerometer, sensors and a radio receiver as the receiver element.

Geer (2005) shows the different applications of ZigBee and other possible
application for future use. These applications automate home, building,
industrial, agricultural systems, including thermostats and security products,
bridges and other structures, automated meter reading, and even in home
healthcare, national security, military networks, and routing discovery approach

that ad hoc on-demand networks use. With this study, it helps the proponents to
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choose ZigBee technology than Bluetooth. Since the field that the athletes are
using is really big, ZigBee will be the one to accommodate this scenario. And
with the benefits that ZigBee provides it can satisfy the application for our

design.

Calabro et. al. (2010) evaluate the validity of energy expenditure
estimates from two portable armband devices, the SenseWear Pro3 Armband
monitor (SWA) and the SenseWear Mini armband monitor (Mini), under free-
living conditions. It concluded that The SenseWearPro3 and the SenseWear Mini
armbands show promise for accurately measuring daily energy expenditure
under free-living conditions. However, more work is needed to improve the
ability of these monitors to accurately measure energy expenditure at higher
levels of expenditure. Relating this to the researcher’s design, the energy spent
can also be measured through the activities the person has done. This can also
be added as a feature to the design and for future designs. This was selected

because of the accuracy of the device mentioned and how effective it is.
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Chapter 3

DESIGN PROCEDURES

This chapter is a step-by-step procedure used in developing the design
and in the development of the required program needed to make the proposed
design fully functional. The hardware, software and prototype development are

discussed.

ZIGBEE
WEARABLEDEVICE  1patisiSSION VDIP1

ale % >

RUNNING INDIVIDUAL

SEAMS PROGRAM

Figure 3.1 Conceptual Diagram

The main concept of the proposed design is that the user will be wearing
a device that will measure the pulse rate and the time the user had able to finish
a lap. The device will send the information every after the user passes by in the
infrared. It will be then transmitted through ZigBee technology. It will be
acquired by the receiver which is a USB module. This USB module is connected

on a handheld device while the user is performing. After the user performs,
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he/she will insert the flash drive on the PC where the SEAMS program is installed
and afterwards will run the program and the results gathered will be saved and

the user’s endurance will be assessed.

Hardware Development

The proposed design which is the Wearable Device for Speed and Endurance
Assessment Monitoring System using Improvised Stethoscope and Accelerometer
with USB Receiver via Zigbee Technology is divided into 3 hardware parts:
transmitter, receiver, and lap indicator module. The transmitter unit is the
primary hardware of the proposed design which is composed of the improvised
stethoscope, an accelerometer, an MCU, infrared receiver and a ZigBee Pro
transmitter module. On the other hand, the receiver component consists of a
ZigBee Pro receiver module, serial USB interface and MCU to store data. The last
hardware part is the lap indicator module which consists of an infrared

transmitter and a microcontroller that complete the system.
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Block Diagram

ZigBee Transmitter Module:
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device via Zigbee | Transceiver Interface) Microcontroller

Figure 3.2 System Block Diagram

In Figure 3.2 the transmitter side's inputs are infrared signal, hand
movement and pulse rate while the process is composed of the infrared receiver,
microcontroller and the ZigBee Pro module. The transmitter side represents the
block diagram for the wearable device. It is composed of the accelerometer

chip, stethoscope, infrared module, ZigBee Pro module and a microcontroller. An
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accelerometer keeps track of the hand motion of the user all throughout the
course of his exercise. The microcontroller records individual lap times whenever
an infrared signal is received then interprets the time and pulse rate measured to
be saved on a text file. The use of stethoscope device is to measure the pulse
rate of the user after a while that the user is at rest to indicate the beginning of
wireless transmission of data. The ZigBee Pro module will then transmit all the

data gathered to the Vdip1 that is connected on the handheld device.

In the receiver portion of the system involves the transmission of the data
through the receiver of the ZigBee Pro module. The data will be received by the
USB flash drive and can be connected to a laptop or a PC then the user may run
the Software Program installed that can assess and monitor their speed and

endurance.

On the lap indicator module, an infrared transmitter is made to
communicate with the wearable device that consists of infrared receiver. As the
name of the component suggests, the infrared communication is made to

indicate that a lap has either started or completed.
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Software Development

Use Case

TRAINER

Figure 3.3 Use Case Diagram

Manage Client Use Case
The registration incorporates two validation processes Select and
Add/Update that require three fields to be filled before the process prevents a

null input during validation process. Fields follow a specific format and must not

26



deviate from them so as to avoid error encounters. A convenient select mode is
also provided to be able to search for existing clients in the record. While adding,
check availability is included to inform the user of the existence of the name in
the record. The registration can be cancelled at any point during the process.
Manage Trainings Use Case

Revision cannot be opened unless a user has been selected during the
registration process. The form prevents errors by providing limitations on input.
The resting heart rate can be left blank to signify a no change of data, while a
blank track distance is equivalent to 0 meters. An evaluation is incorporated to
assess the endurance based on the change of heart rate. A refresh is also
included to redraw the graph whenever distorted. A convenient open dialog box
is provided to ease file browsing. The Graph can be dragged to view concealed
parts of the training easily.
View Training History Use Case

Browsing requires the choice of graph type through radio buttons and a
selection within two combo boxes that list all the existing clients and trainings
from the corresponding record. It automatically requests information and
proceeds immediately to evaluation. Drag capability is also enabled to provide

interactive interface on the graph.
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Data Flow Diagram

/
/

CLIENT

\

Name, Age, Con{act Number,

Resting Héart Rate and

and Gender Track Distance
/ -
// \ / \
{ 1.0 2.0
A REGISTRATION | ¥ TRAINING PROCESS
ya PROCESS ‘ ‘u
/' Resting Heart Rate and
/ Name and Age \ / Track Distance
Name, Age, Contact Number, ~_ - o S g \
and Gender N / o |
Name, Age, Contact Number, Resting Heqrt Rate and |
and Gender Track Distance ‘
AN AN |
\\ ‘J
4 Client Record - Trainings Record ¥
y N
. y \ |
- / Resting Heart Rate
Name and Age [ 3.0 \ and

)

| BROWSE PROCESS H Track Distance

\ ,
X /

\

Figure 3.4 Data Flow Diagram
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The system accepts input only on the registration and training processes.
Registration process accepts name, age, contact number, and gender inputs all
being a required field except contact number. All the inputs will immediately be
transferred to the client record after clicking the add/update button. Training
process accepts two inputs resting heart rate and track distance, and can only
modify the current training’s resting heart rate. Inputs will then replace the
resting heart rate and track distance in the training record. Browse process does
not accept inputs as it is for displaying purposes and gets data from the training
and client records. Client record transfers all data to registration process and
transfers only name and age to training and browse processes. Training Record

transfers all data to every process whenever necessary.
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Activity Diagram
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Before training, the software application must be installed in a PC given
together with the hardware. After successfully plugging-in the USB flash drive,
the user can choose between managing clients, trainings or training history and
then can end the current activity. In the course of managing client information,

the user can choose to select or exit the form to end his current activity.
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SCHEMATIC DIAGRAMS:

Figure 3.6 Schematic Diagram of the Wrist Device
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The stethoscope is connected with a condenser microphone so that the
sound it collects will be converted to an AC wave signal. The designers used
cascaded JFET operational amplifiers to amplify the sign wave with minimal

noise. From the formula,

A=Ry/ Ry
A=47kQ /22 kQ

A=214

the gain will approximately double the input signal of the Low-Noise
Microphone Pre-Amplifier. For the Sallen-Key Butterworth Amplifier, we used the

formula,

fc=1/(2rxvR1xR2xC1x(2)

fc=1/(2rx /33 k{tx 33k x 0.047 uf x 0.047 uf )

fc=102.6144 Hz

to determine the maximum frequency the amplifier will accept since it is a low-

pass filter. Thus, any frequency below fc is considered a pulse rate.
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A differential operational amplifier is used to further amplify the signal
with same resistance on its input and output terminals. A 0.1 pF capacitor is
connected on the Sallen-Key Butterworth Amplifier, which can possibly be 1 pF to
0.1 PF on the output to filter noise and prevent oscillation. The 0.1 pF capacitor
also serves as a AC to DC converter of the audio signal together with a diode.
The diode is used for its fast-switching capability needed for the realtime circuit.
The DC audio signal is then fed to the microcontroller for storage and

transmission.

The PIC microcontroller supply pins are connected to a positive voltage
regulator with an output of 5 Volts. Clock inputs are connected to a 4 MHz crystal
oscillator, in which the circuitry needs a maximum of 20 MHz of clock frequency,

that allows the operation of the microcontroller. Here is how the resistors are

computed:
\" = I X R
R = Vv / I
R = v/ Imin ~ Iave ~ Imax
R = 5/ /  50pA~ 200pA ~ 400pA
R = 12.5kQ ~ 20kQ ~ 100kQ
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Thus, a 22kQ is sufficient for the circuit. Since the load capacitance for
parallel resonant crystal Cy is given in the datasheet as 21.5pF, the load capacitor

for the crystal oscillator is computed as follows:

c1xC2
= -
1+ 02

where C; and C, are equal and Cs or Stray Capacitor is typically 5pF will

give the equation

"
r

215pF = 25 4 spF ~165pF =
PPE T e P PPE T 50

~16.5pF x 2= C = 33pF

obtaining a load capacitor rating of 33pF for the 4MHz crystal oscillator. The
0.1uF capacitor serves as a ripple rejection capacitor since a stable 5Vpc is

required for the MCLR pin.

Vs supply pins need a voltage input of 1.5 V. Output axis data XOUT,
YOUT, and ZOUT are connected to their corresponding input pins of the
microcontroller RO (Pin 2), R1 (Pin 3), and R2 (Pin 4), respectively. A 100nF
capacitor for each axial output is used to enable a low-pass filtering for
antialiasing and noise reduction at 50Hz so that frequencies above 50Hz won't be

able to intervene within the circuit.
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Figure 3.7 Schematic Diagram of the Handheld Device
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Initially, a 5 V voltage regulator output is delivered through a low dropout
positive voltage regulator with a dropout voltage of 3.3 Volts at 500 mA Amperes
specifically for ZigBee supply pins. The input capacitance used suggests that a

stable DC voltage will be guaranteed as an input for the regulator.

The 100nF capacitor is also used as a ripple rejection that will guarantee a

stable DC voltage for the V¢ of the ZigBee circuit.

It is specified in the datasheet of the voltage regulator that an output
capacitance of 22uF (electrolytic) or 10uF (tantalum) is required. In this case,
the designers used 22uF electrolytic capacitor as higher output capacitance will

improve the load transient response but have a maximum capacitance at 100pF.

A positive voltage regulator is used to transform 12 Volts, from two output

pins DataOut and Vcc of ZigBee, to 5 Volts that will be used for the supply pins

of VDIP1 USB interface.
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Prototype Development
This includes the materials and components used and its function in the

design.

List of Materials

Component Quantity  Price per unit | Total Amount
ZigbeePro 2 2,750 5,500
ADXL330 Accelerometer 1 650 650
Stethoscope 1 180 180
VDIP1 1 2,800 2,800
35V —-22 5 5 25
2 pins connector 3 10 30
male/female
24 Pins IC Socket 1 12 12
PIC 16F877A 2 320 640
40 Pins IC Socket 1 15 15
Crystal 3.92 1 30 30
Capacitor 33 uF 2 2 4
Capacitor .1 10 2.50 25
Ya W — 22K resistor 5 1 5
16V — 470 1 10 10
7805 1 30 30
7 pins connector 1 2 2
male/female
8 pins connector 1 75 75
male/female
RT9163 1 50 50
Max 232 1 50 50
16 pins IC socket 1 8 8
LE50 1 10 10
IN4148 1 3 3
Ya W- 3Kk Resistor 1 1 1
3 pins connector 1 12 12
male/female
Casing 1 180 180
9 V Battery 3 300 900
Battery Charger 1 250 250

Table 3.10 List of Materials
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Accelerometer

Accelerometer will be used to sense the pulse rate and gestures of
the user. The model of the accelerometer used is ADXL330. It is a small,
thin, low power, complete 3-axis accelerometer with signal conditioned
voltage outputs, all on a single monolithic IC. It measures acceleration
and can measure the static acceleration of gravity in tilt-sensing
applications, as well as dynamic acceleration resulting from motion,

shock, or vibration.

VDIP1

VDIP1 is ideal for developing and rapid prototyping which makes
this module suitable for incorporation into low and medium volume
finished product designs. It is a module that is an MCU to embedded dual
USB host controller IC device. This will be used in the design as the USB

interface which serves as the receiver.

PIC16F877

A microcontroller was used to act as a computer to the design. This
includes processor core and the programmable input / output peripherals
with a maximum of 33 I/O pins. This will automatically control the device

that is dependent on how it is programmed using PicBasic Language.
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ZigBee Wireless Technology

ZigBee is intended to be simpler and less expensive than other
WPANSs like Bluetooth. It is targeted at radio-frequency (RF) applications
that require a low data rate, long battery life, and secure networking.
This will act as the transceiver of the design because of its wide range
and low consumption, features that are suitable in the researcher’s

design.

Improvised Stethoscope

An improvised stethoscope is designed to be in the measurement
of the pulse rate in which a transducer converts the Korotkoff sounds into
electrical signals. The electrical signals are amplified and fed to a counter
in which the detected pulse rate per unit time is calculated and then the

result is displayed as a digital pulse rate.

Capacitor

Capacitors are generally used in electronic circuits for blocking
direct current, allowing the alternating current to pass in filter networks
and for smoothing the output of power supplies. In this design different
values of capacitors used are 0.47uF, 470uF, 4.7uF, 22uF, 33pF, 100nF

and 0.1pF.
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Operational Amplifiers

Amplifiers are used to increase or augment low signals until
surpassing a threshold for use as a data. Two types of amplifiers are
used in conjunction with the Improvised Stethoscope LM741 and

TLO72CN.

Diode
Diode allows current in one direction and to block current in the

opposite direction. The diodes used are 1N4148.

Resistor
Resistors determine the flow of current in a circuit. The resistors

used are 47kQ, 2.2kQ, 33kQ, 56k, 220Q, 22k, 12k, and 10kS.

Battery
Batteries are responsible for energizing the whole circuit. Batteries
used are two 9V for the wrist device, one 9V for the handheld device,

and two 1.5 V or AAA batteries for the Lap Indicator module.

41



Voltage Regulator
Voltage regulators are used to sustain the voltage passing through
a circuit within an amount the regulator is built for. The voltage

regulators used are 78L05 and LM/805RC.

Push Button
A push-button is a simple switch device for controlling some

aspects of a machine. It is used to activate or enable the design.

Crystal Oscillator

Crystal oscillator’s primary considerations are stability and accuracy

of the electronic circuit.
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Chapter 4

TESTING, PRESENTATION AND INTERPRETATION OF DATA

This chapter gives the details on how the system was tested in relation to

the design objectives.

Data Transmission Test
Since the system is wireless, the gathered data such as the time the user
able to finish a lap and the pulse rate can be transmitted to the handheld device

using the Zigbee module.

D'Str:n ce Red LED Packet Transmission

0 On 6-Byte Data Written
100 On 6-Byte Data Written
200 On 6-Byte Data Written
300 On 6-Byte Data Written
400 On 6-Byte Data Written
500 On 6-Byte Data Written
600 On 6-Byte Data Written
700 On 8-Byte Data Written
800 On 6-Byte Data Written
900 On 6-Byte Data Written
1000 On 6-Byte Data Written
1100 On 6-Byte Data Written
1200 On 8-Byte Data Written
1300 On 6-Byte Data Written
1400 On 8-Byte Data Written
1500 On 9-Byte Data Written
1600 Blinking Failed to Write

Table 4.1 Data Transmission Test
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Table 4.1 deals on the transmission of the gathered data in relation to the
distance between the wearable device and the handheld device. The testing took
place in an oval wherein the trainee will run. The trainee should observe proper
posture of running. The handheld device can be placed within the range of the
Zigbee module given that it is line of sight. On the other hand, the lap indicator
module is fixed on the starting point and at the same time it will be on the
ending point. Once the user stops from running, the user must refrain from
swaying his/her hands in order for the device to measure the pulse rate and to
transfer the data to the handheld device. The distance of running will be varied.
The distance is then increased at an increment of 100 meters until it reached the
maximum distance the Zigbee module can cover. Above 1.5 km, the data could
not be transmitted to the handheld device.

If red LED is on, it indicates that a connection is established between the
ZigBee devices. Otherwise, the red LED will continuously blink. Data Packet is
transmitted and written to the flash drive whenever the flash drive LED blinks,
otherwise transmission failed. The packet consists of the lap number and time,

but accepts more than 6 bytes whenever there are ASCII conversion errors.

Time Measurement Test
The purpose of this test is to determine if the gathered data are accurate.
Time is an essential factor in evaluating the speed of the user. The test will

measure the time to finish a lap using the microcontroller’s timer interrupt and
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lap indicator module. To compare the readings of the microcontroller, a stop

watch will be used.

Stopwatch Microcontroller Percent
Lap Reading Reading Difference

O] ©)] (%)

1 1 17.66 17 3.81
5 1 18.08 18 0.44
2 18.62 18 3.39

1 18.45 19 2.94

3 2 18.92 19 0.42
3 19.33 19 1.72

1 18.73 18 3.97

4 2 19.02 19 0.11
3 19.45 20 2.79

4 20.05 20 0.25

1 17.58 17 3.35

2 18.02 18 0.11

5 3 18.44 19 2.99
4 19.30 19 1.57

5 19.87 21 5.53

Table 4.2 Time Measurement Test

Average Percent Difference

_ 3.81+0.44+3.39+2.94+0.42+1.72+ 3,97+ 0.14+2.79+0.25+3.35 +0.41+2.99+ 1.57 + 5.53
- 15

= 2.23 %

Table 4.2 deals with the comparison of readings between the timer
interrupt of the microcontroller and a stop watch. The average percent
difference is 2.23% which is less than the set minimum required percent

difference by the group (5%). Therefore, it says that the time measurement
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reading between the microcontroller and stop watch shows minimal discrepancy.
The discrepancy may be due to the reading of time in microcontroller which is

whole number while in stop watch is in decimal form.

Pulse Rate Measurement Test

The purpose of this test is to determine if the pulse rate reading of the
improvised stethoscope is accurate. Once the accelerometer senses that there is
no hand movement it then sends signal to the microcontroller to stop the timer
interrupt and the microcontroller will be the one to send signal to the improvised
stethoscope to start measuring the pulse rate. Since the pulse rate gathered will
be used in evaluating the individual’'s endurance along with the inputs namely
age and resting heart rate using Karvonen formula. To compare the readings of
the pulse rate measured by an improvised stethoscope, a digital blood pressure
device will be used. At this point, the comparison must be done immediately
after the trainee stops because pulse rate varies when a person is at rest or

moving. Also, it varies depending on the activity a person is performing.
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Digital Blood Improvised Percent

Trial Pressure Device Stethoscope Difference
(bpm) (bpm) (%)
1 94 98 4.17
2 108 102 5.71
3 101 103 1.96
4 98 100 2.02
5 106 104 1.90

Table 4.3 Pulse Rate Measurement Test

Average Percent Difference

417 + 571 + 196 + 2.02 + 190
B 5

=3.15 %

Table 4.3 deals with the comparison of readings between a digital blood
pressure device and an improvised stethoscope. The average percent difference
is 3.15% which is less than the set minimum required percent difference by the
group (5%). The discrepancy may be due to some noise being measured by the
improvised stethoscope. The improvised stethoscope based its reading from the
sound that the pulse is producing so noise will be a factor if the improvised
stethoscope is not properly placed in the wrist. It should be air tight so that it

can properly hear the pulse rate.

47



Endurance Test

To evaluate the individual’s endurance, Karvonen formula is one of the
most effective methods used to calculate training heart rate. Prior to getting out
of bed in the morning, the trainee must take his pulse which is the resting heart
rate. Another element in finding the training heart rate zone is determining the
intensity level at which the trainee should exercise. As a general rule, the trainee
should exercise at an intensity between 50% - 85% of the heart rate reserve.
Given all the information needed, it can now pull the information together in the

Karvonen Formula:

Maximum Heart Rate = ((220 — Age — Resting Heart Rate) x 85%) + Resting

Heart Rate

Minimum Heart Rate = ((220 — Age — Resting Heart Rate) x 50%) + Resting

Heart Rate
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Resting

Karvonen Formula

Traini Ti Heart
J:;nlcl? Lap Ersn)e Rzate Minimum  Maximum Result
(bpm) (bpm) (bpm)
1 42
2 40
1 5 5 65 132.5 179.75 168 | Good
5 39
1 42
2 36
2 431 4318 71 135.5 180.65 165 Good
5 34
1 37
2 37
3 ] 58 76 138 181.4 166 | Good
5 37
1 42
2 38
4 431 g;} 70 135 180.5 170 Good
5 36
1 33
2 31
5 ] 30 79 139.5 181.85 159 | Good
5 37
1 33
2 36
6 : 2 77 138.5 181.55 160 | Good
5 31
1 31
2 30
7 : 2 81 140.5 182.15 166 | Good
5 33
1 31
2 28
8 : 2 75 137.5 181.25 155 | Good
5 30
1 30
2 27
9 : 2 67 133.5 180.05 162 | Good
5 32
1 31
2 31
10 : 21 72 136 180.8 152 | Good
5 25
1 26
2 23
11 3 24 83 141.5 182.45 138 | vew
4 28 Good
5 31
1 25
2 24
12 3 27 85 142.5 182.75 141 | Vver
4 26 Good
5 27

Table 4.4 Endurance Test
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The Karvonen formula used in the test produces a maximum and
minimum heart rate in which the training heart rate is expected to be within that
range. In evaluation, any heart rate inside the Karvonen range is considered
good endurance for an individual. Assuming trainees put enough effort in their
trainings, heart rates less than the minimum are regarded as very good because
the training has a minimal effect on the individual. Heart rates that are greater

than the maximum are then considered as bad endurance.

Speed Test

To evaluate the speed of the trainee, the time gathered along with the

input distance will be used. Since time will be used as the parameter to evaluate

the speed of the trainee, the stopwatch and accelerometer reading will be used

to compare the accuracy of the speed. Given the time and distance, the speed

can be computed as:

Speed = Distance / Time
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Stopwatch Speed Microcontroller Speed Percent

Distance (time reading from

Trial (m) Reading frgﬁmsi;‘:;’ai:cgh) Reading Microcontrollery | Difference
(s) (m/s) (s) (m/s) (%)
1 50 17.66 2.83 17 2.94 3.81
2 100 36.7 2.72 36 2.78 2.18
3 150 56.7 2.65 57 2.63 0.76
4 200 77.25 2.59 77 2.60 0.39
5 250 93.21 2.68 94 2.66 0.75

Table 4.5 Speed Computation Using the Time Reading from the
Stopwatch and the Microcontroller

Average Percent Difference

381+ 218 + 076 + 039 + 075
B 5

=1.58 %

Table 4.5 deals with the computed speed using the measured time of the
stopwatch and the microcontroller. Since the speed is dependent on the
measured time, therefore the speed is directly proportional to the measured
time. The average percent difference is 1.58% which is less than the set
minimum required percent difference by the group (5%). Therefore we can say
that the time measurement reading between the microcontroller and stop watch

shows minimal discrepancy.
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Chapter 5

CONCLUSION AND RECOMMENDATION

This chapter lays the overall conclusion of the design by means of
answering the objectives of the design problem. In addition to this, it includes
the statements that suggest the need for supplementary studies addressing to
the delimitations of the design. The recommendation cites what else can be done

for the improvement of the design.

CONCLUSION

The group was successful in designing the Wearable Device for Speed and
Endurance Assessment and Monitoring System using Improvised Stethoscope
and Accelerometer with USB Receiver via ZigBee Technology. With the aid of
improvised stethoscope and microcontroller’s timer interrupt, it made possible for
the device to measure the heart rate and pace of the user respectively.

A software program named “SEAMS” (Speed and Endurance Assessment
and Monitoring System) was effectively programmed using the Visual Basic
Programming Language. This can assess and monitor the speed and endurance
as stated as one of the researcher’s design objectives.

The group was also successful in achieving a wireless transmission of data

using Zigbee Technology.
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Upon testing, the researchers could say that the Zigbee transmission is
limited only to a range of 1500 meters. Comparing the test results of the
improvised stethoscope and accelerometer with the digital blood pressure device
and stopwatch respectively, the difference was really small. Gathering those
results, it could be concluded that the design of the researchers made was
accurate and would be effective to assess and evaluate the individual’'s speed

and endurance.

RECOMMENDATION

To be able the design to be more efficient, effective and flexible as
technology advances, further studies must need to be made. The following are
recommended by the group for more improvements of the design.

Further studies should be done to solve the delimitation of the project
with regards to having an output although the user is not exercising correctly.
Another device must also be studied that will serve as an alternative to the
infrared as a result for the user not to be close with the infrared just to be able
to send a signal to the handheld to write the data gathered on the USB.

The design can also be improved by adding a database on its application

software to help keep records of data for comparison of the results. The

53



database would allow flexibility by recording or deleting records of trainees for
future use or reference.

Lastly, it is recommended that the design may also use a sensor that will
be located on the finger of the user on the wearable device as an alternate
device to the improvised stethoscope. This can also give accurate measurement
of pulse rate because there are also veins in the finger tips that are capable of

producing a pulse.
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APPENDIX A

Operation’s Manual

System Requirements:

Minimum Recommended
Operating System Windows XP Service Pack 1 Windows 7
Hardware 2 GB HDD 50 GB HDD
192 MB RAM 1 GB RAM
1.6 GHz CPU 4.0 GHz CPU

800 x 600 Display

1280 x 1024 Display

58




Installation Procedure
The following procedures must be followed carefully to ensure that the
installation process is successfully done:
1.) Install the accompanied software on the host PC before the training. The
device needed the software to record the information of the trainee and

also to evaluate the results gathered from the wearable device.

i seams =R

2.) Place the handheld device on a stable spot wherein it is within the 1.5 km

range of the Zigbee module. Be sure that it is line of sight.
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User’s Manual
1.) Place the lap indicator module in a fixed position wherein it will be the

starting point and at the same time it will be the ending point.

2.) Put the wearable device on your wrist. Make sure that it is tight. Put the

battery clip on the batteries.

3.) Turn the handheld device on by putting the battery clip on the battery.

The red and orange LEDs will indicate if the device is turned on.
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4.) Connect the flash drive to a USB port in the handheld device. A green LED

will indicate if the flash drive is recognized.

5.) Once the red LED stops from blinking, the user must press the button in

the wearable device to indicate the start of running.
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6.) Once the user stops from running, the user must not make unnecessary
move for 20 seconds in order for the device to measure the pulse rate and
transfer the data to the handheld device. An orange LED will indicate that

the pulse rate was transmitted to the handheld device.

7.) To evaluate the speed and endurance of the user, connect the flash drive
to the host PC. Then run the accompanied SEAMs program which is

installed earlier in the host PC.
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Troubleshooting Guides and Procedures

1.) Check if the red LED in the handheld device is lit. This will indicate if the
device is on. If not, make sure that the battery is fully charged.

2.) Check if the green LED in the handheld device is lit. This will indicate if
the flash drive is detected. If not, replace the flash drive.

3.) If the training graph could not evaluate the file in the software
application, this indicates that an error has occurred.

4.) If the handheld device is working properly but the orange LED did not

light, consider replacing the batteries in the wearable device.
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Wrist Device

Handheld Device

APPENDIX B

Pictures of Prototype
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Lap Indicator Module

Batteries and Charger
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APPENDIX C
Program Listing
Microcontroller Source Code

> Heart Rate Measurement Source Code

Device 16F877A

Declare Xtal 20

Declare watchdog = OFF
Declare FSR_CONTEXT_SAVE = On
Declare Adin_Res 8

Declare Adin_Tad 32_F0SsC

Declare Adin_Stime 50

Remarks On

Symbol TOIE = INTCON.5 ' TMRO overflow Interrupt Enable
Symbol TOIF = INTCON.2 ' TMRO oOverflow Interrupt Flag
Symbol GIE = INTCON.7 ' Global Interrupt Enable

OPTION_REG = $03
on_Interrupt My_Int
to interrupt handler
'"TRISA = %00000001 ' configure ANO (PORTA.0) as an
input
Hserial_Baud = 9600'115200
Hserial_RCSTA = %10010000
Hserial_TXSTA = %00100100
Hserial_Clear = On
'LCD configuration
Declare LCD_DTPin PORTC.O
Declare LCD_RSPin PORTD.O
Declare LCD_ENPin PORTD.1
Declare LCD_Lines 2
Declare LCD_Interface 4
ADCON1 = $00 ' Set analogue input on PORTA.O
TRISA=$3F
TRISB=$0F
TRISC=$80
TRISD=$00
Dim xCtr As word
Dim aRead As Byte
Dim MaxADC As Byte
Dim FTime As Float
Dim PRate As Word
Dim sADC[250] As Byte
Dim X As Byte
Dim ctr As word
Dim b As Byte
'Oon Interrupt

Enable software interrupts, and point

TMRO= 0

GIE = 1

TOIE= 1
sStartHere:
GIE = 1
TOIE= 1
xCtr=0
x=0
MaxADC=0
FTime=0
ctr=0

66



b=0

PRate=0
xCtr=0
HSerout["improper settings",13]
sMain:
'Junk Reference
while 1
If xCtr > 5000 Then
If MaxADC < 90 Then 'Default 100
GoTo sStartHere
Else
GOTo sNew?2
EndIf
Else
aRead = ADIn O
If MaxADC > aRead Then
Else
MaxADC=aRead
EndI
EndIf
wend
'Check ADC Baseline 0
sNew2:
xCtr=0
while 1

aRead = ADIn O
If aRead <= 45 Then
Break
EndIf
wend
MaXxADC=MaxADC-10
'Check ADC Max If Less Than aRead ADC
sNew3:
while 1
aRead = ADIn O
If MaxADC < aRead Then

xCtr=0
Break
EndIf
wend
'Delay before reading
sNew4 :
while 1
If xCtr > 500 Then 'default 25
Break
EndIf
wend
x=0
ctr=0
'Get Final Pulse Rate
SFindADC:
while 1
aRead=ADIn
SADC[x]=aRead
x=xX+1
SRepeat:
If ctr >=3 Then
ctr=0
If x >=250 Then
Break
EndIf
GoTo sFindADC
Else

GoTo SRepeat
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EndIf
wend
SSENDUART :
GIE=0
TOIE= O
SADC[0]=MaxADC
For x=0 To 249
'"HSEROUT[sADC[x]]
'"HSEROUT [Dec3 sADC[x],32]
Next X
For x=1 To 249
If sADC[x] >= MaxADC Then

Break
Else
EndIf
Next X
If x = 249 Then
Else

'"HSEROUT [Dec3 x,"OK"]
EndIf
'Compute Pulse Rate
FTime = x * 2.4

FTime = FTime + 400

FTime = FTime / 1000

FTime = 60 / FTime
'Cls

'"Print at 1,1,"Pulse Rate"
'"Print at 2,1,Dec5 PRate
HSerout["HEARTRATE:" ,Dec3 FTime,13]
GoTo sStartHere
'"Interrupt Routine
My_Int:
XCtr=xCtr + 1
ctr=ctr+l
PORTD. 3=~PORTD. 3
TOIF=0
Ccontext Restore
End

> Lap Measurement Source Code

Remarks On

Unsigned_bwords On

Device 16F877A

Declare Xtal 20

Declare watchdog = OFF
Declare FSR_CONTEXT_SAVE = On

Declare Adin_Res 8
Declare Adin_Tad 32_FOsC
Declare Adin_Stime 50

Hserial_Baud = 9600

Hserial_RCSTA = %10010000
Hserial_TXSTA = %00100100
Hserial_Clear = On

on_Interrupt iHandler

Symbol INTF = INTCON.1l ' RBO External Interrupt Flag
Symbol TOIF = INTCON.2 ' TMRO overflow Interrupt Flag



Symbol INTE
Symbol TOIE

Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim

rBPm

dsbelay As word
axCtr As Wword
TapCtr As word
testval As word
runF As Byte

xCtr As word
ctr As word
sc As Word

rndFlag As Byte, rndFClock As word, sendFlag As Byte

rBPM As Byte

= 90

GoTo preProg

iHandler:

If TOIF = 1 Then

axCtr = axCtr + 1
dsDelay = dsbDelay + 1
TapCtr = lapCtr + 1
XCtr=xCtr + 1
ctr=ctr+l1
rndFClock = rndFClock + 1
If rndFClock > 17647 Then
If rndFlag = 1 Then
sendFlag = 1
rndFlag = 2
EndIf
EndIf

If rBPM > 105 Then

rBPM = 90
Else

reBPM = rBPM + 1
EndIf
TOIF=0

EndIf

Context Restore

preProg:

Dim
Dim

CAReadl As Byte
CARead2 As Byte

INTCON.4 ' RBO External Interrupt Enable
INTCON.5 ' TMRO Overflow Interrupt Enable
Symbol GIE = INTCON.7 ' Global Interrupt Enable
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Dim pAReadl As Byte
Dim pARead2 As Byte

Dim sADC[250] As Byte
Dim aRead As Byte

Dim MaxADC As Byte
Dim FTime As Float
Dim PRate As Word

Dim FTDec As Dword
Dim LapC As Byte

Dim x As Byte
Dim b As Byte

ADCON1 = $00

TMRO = 0
OPTION_REG = $03
TRISA = $3F
TRISB = $F7
TRISC = $80
TRISD = $00
TRISE = $07
DelayMs 500
TOIF = 0
TOIE = 0

GIE = 0
'while 1 =1

! hserout["U"]
! delayms 500

'wend

startHere:

If PORTB.7 = 0 Then

DelaymMs 50

while PORTB.7 = 0
wend

DelaymMs 50

'pAReadl = ADIn 1
pARead2 = ADIn 2
axCtr = 0

PORTB.3 = 0

GoTo startRunnin

EndIf

wend

70



startRunnin:

TOIF = 0

TOIE =1

GIE =1
testval = 0
while 1 =1

testval = Counter PORTB.0,40

'careadl = adin 1
CARead?2 = ADIn 2

If cARead2 > pARead2 Then
cAReadl = cARead2 - pARead?

ElseIf cARead2 < pARead2 Then

CAReadl = pARead2 - cARead?2
Else

CAReadl = 0
EndIf

If cAReadl < 10 Then
'not moving
If axCtr > 2940 Then
runfF = 0
If rndFlag = 0 Then
sendFlag = 0

rndFClock =
rndFlag = 1

0

EndIf
GoSub heartRateMeter
'"HSerout["GET HEARTRATE!",10,13]

'StopBPM:
'GoTo SstopBPM

EndIf

Else
'reset movement counter
axctr = 0

'set current reading as previous
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pARead2 = cARead?
EndIf
If testval > 20 And runF = 1 Then

"hit!
GIE = 0

LapC = LapC + 1

HSerout["PL", Dec3 LapC, ":", Dec5 TlapCtr / 1176 ,10,13]
TapCtr = 0
GIE =1

EndIf

wend
GoTo startHere
heartRateMeter:
sStartHere:

GIE = 1
TOIE= 1

xCtr=0
x=0
MaxADC=0
FTime=0
ctr=0
b=0
PRate=0
xCtr=0

"HSerout["improper settings",13]

sMain:

If sendFlag = 1 Then
HSerout["PHBPM:" ,Dec5 rBPM,10,13]
sendFlag = 0
GOTO eHRM

EndIf

'Junk Reference
while 1 =1

If xCtr > 5000 Then
If MaxADC < 90 Then 'Default 100
GoTo sStartHere
Else

GoTo sNew?2
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EndIf
Else
aRead = ADIn O
If MaxADC > aRead Then

Else
MaxADC=aRead

EndIf
EndIf
wend
'Check ADC Baseline 0
sNew?2:

XxCtr=0

while 1 =1

If sendFlag = 1 Then
HSerout["PHBPM:",Dec5 rBPM,10,13]
sendFlag = 0
GOTO eHRM

EndIf

aRead = ADIn 0O
If aRead <= 45 Then
Break
EndIf
wend
MaxADC=MaxADC-10

'Check ADC Max If Less Than aRead ADC
sNew3:

while 1 =1
If sendFlag = 1 Then
HSerout["PHBPM:",Dec5 rBPM,10,13]
sendFlag = 0
GOTO eHRM
EndIf
aRead = ADIn O

If MaxADC < aRead Then

73



xCtr=0

Break
EndIf
wend
'Delay before reading
sNew4 :
while 1 =1
If xCtr > 500 Then 'default 250
Break
EndIf
wend
x=0
ctr=0
'Get Final Pulse Rate
SFindADC:
while 1 =1

If sendFlag = 1 Then
HSerout["PHBPM:",Dec5 rBPM,10,13]
sendFlag = 0
GOTO eHRM

EndIf

aRead = ADIn O

SADC[x]=aRead
X=X+1
SsRepeat:

If ctr >=3 Then

ctr=0

If x >=250 Then

Break
EndIf

GoTo sFindADC
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Else
GoTo SRepeat
EndIf

wend

SSENDUART:
GIE=0
TOIE= O
SADC[0]=MaxADC
For x=0 To 249

"HSEROUT[SADC[x]]
'"HSEROUT [Dec3 sADC[x],32]

Next x
For x=1 To 249
If sADC[x] >= MaxADC Then
Break
Else
EndIf
Next X
If x = 249 Then
Else
"HSEROUT [Dec3 x,"0K"]
EndIf
'Compute Pulse Rate
FTime = x * 2.4
FTime + 400

FTime / 1000
60 / FTime

FTime
FTime
FTime

'Cls

'Print at 1,1,"Pulse Rate"
'"Print at 2,1,Dec5 PRate

FTime * 100
FTDec / 100

FTDec
FTDec

'HSerout["H:",Dec3 FTime,13]

HSerout["PHBPM:" ,Dec5 FTDec,10,13]
rndFlag = 2
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eHRM:

Return

'GoTo sStartHere

End

> Zigbee Source Code

Device 16F877A

Declare Xtal 4

Declare watchdog = OFF
Declare FSR_CONTEXT_SAVE = On
All1_Digital TRUE

Remarks

'Declare
'Declare
'Declare
'Declare
'Declare

on

LCD_DTPin PORTC.0
LCD_RSPin PORTD.O0
LCD_ENPin PORTD.1
LCD_Lines 2
LCD_Interface 4

Hserial_Baud = 9600

Hserial_RCSTA
Hserja]_TXSTA
Hserial_Clear

TRISA
TRISB
TRISC
TRISD
TRISE

= %10010000
= %00100100
= 0On

$FF

$0F

$80

$AC

$07

Dim gCtr As Byte

Dim strvar[13] As Byte
Dim keytemp As Byte
Dim accelX As Byte

Dim accelY As Byte

Dim accelz As Byte

Dim HRate As Byte

Dim lapSec As Word

Dim TapCtr As Byte

DelayMs 500

'Cls
'Pr1nt A
'"Print A

PORTD.O
PORTD.1
PORTC.O

t
t

, 1, "INITIALIZING"
1,"DEVICE.."

strvar[12]=0

DelayMs 5000
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DRV_ERROR:

'"PORTC.0 =1
'DelayMs 1000
'"PORTC.0 = O

'DelayMs 5000

PORTD.0
PORTD.1
DelayMs

il

PORTD.0
PORTD.1
DelayMsS 50

0
0
00
1
1
0

Serout PORTD.6, 84, [13]

SerIn PORTD.5,84, 2000, DRV_ERROR, [wait(">")]
'SerIn PORTD.5,84, 3000, DRV_ERROR, [Str strvar\3]

'"Print At 1,1,Str strvar\3
GoTo startHere

'Cls

'"Print At 1,1,"USB SOURCE"

"Print At 2,1,"MISSING."
DelayMs 500

startHere:

'Cls
"Print At 1,1,"SELECT GENDER"
"Print At 2,1,"1.MALE 2.FEMALE"

'while 1 =1

GoSub myNumKeypad
! If keytemp = "1" or keytemp = "2" Then

Break
! EndIf
'wend

'Cls
'"Print At 1,1,"AGE:"

'gCtr = 0

'while gCtr < 2

GoSub myNumKeypad

] myen

If keytemp <> And keytemp <> "#" Then

! gCtr = gCtr + 1
! Print At 1, gCtr + 4, keytemp

' EndIf

'wend
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'DelayMs 2000

TapcCtr
TapSec

PORTD.0
PORTD.1
DelayMs
PORTD.0
PORTD.1
DelayMs

(%4
o

[l O e |

(%4
o

PORTD.0
PORTD.1
DelayMs
PORTD.0
PORTD.1
DelayMs
PORTD.0
PORTD.1

(%4
o

Ul
RPOOOOORrRRr OO0OOOoORrK

L T e T T e I
o

'Cls
while 1 =1

'HSerIn [wait("x:"),Dec3 accelx,wait("y:"),Dec3

accely,wait("z:"),Dec3 accelz, wait("H:"),Dec2 HRate ]
"HSerIn [wait(13),Str strvar\20]
'"HSerIn [wait("LAP"),Dec5 lapSec]

HSerIn [wait("P"),str strvar\1l2]
'"TapCtr = TapCtr + 1
If strvar[0]="L" Then

0
1

PORTD.O
PORTD.1

! TapCtr = lapCtr + 1

! Print At 1,1,"LAPS: ", Dec3 TapcCtr
! Print At 2,1,"TIME:
strvar[5],strvar[6],strvar([7],strvar[8],strvar[9]
Else
! Print At 1,1,"LAPS: ", Dec3 TapcCtr
! Print At 2,1,"BPM
strvar[5],strvar[6],strvar[7],strvar[8],strvar[9]
PORTD.0 = 1
PORTD.1 = 0
EndIf

GoSub writeData

wend

hrok:
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'GoSub myNumKeypad
GoTo startHere

writeData:

Serout PORTD.6,84, [13]
SerIn PORTD.5,84, 1000, DRV_ERROR, [Wait('">")]

Serout PORTD.6,84, ["IPA",13]

SerIn PORTD.5,84, 1000, DRV_ERROR, [wait('">")]
Serout PORTD.6,84, ["OPw BPM.TXT",13]

SerIn PORTD.5,84, 1000, DRV_ERROR, [wait('">")]

'Serout PORTD.6,84, ["wRF 30",13]

'Serout PORTD.6, 84,
["HR:",strvar[17],strvar[18],strvar[19]," BPM", " | "]
'Serout PORTD.6, 84,

["X:",strvar[2],strvar[3],strvar[4],"Y:",strvar[7],strvar[8],strvar[
9],"z:",strvar[12],strvar[13],strvar[14],13,10]

Serout PORTD.6,84, ["wRF 12",13]
Serout PORTD.6,84, [Str strvar\12]

SerIn PORTD.5,84, 1000, DRV_ERROR, [wait('>")]
Serout PORTD.6,84, ["CLF BPM.TXT",13]
SerIn PORTD.5,84, 1000, DRV_ERROR, [wait('>")]

Return

myNumKeypad:
while 1 = 1

PORTB.4=0
PORTB.5=1
PORTB.6=1

If PORTB.0=0 Then

DelayMs 100
PORTB.7=1

while PORTB.0=0
wend
DelayMs 100
PORTB.7=0
keytemp="1"
Break

ElseIf PORTB.1=0 Then

Delayms 100
PORTB.7=1

while PORTB.1=0
wend
Delayms 100
PORTB.7=0
keytemp="4"
Break
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PORTB.4=1
PORTB. 5=0
PORTB.6=1

ElseIf PORTB.2=0 Then

DelayMs 100
PORTB.7=1

while PORTB.2=0
wend
DelayMs 100
PORTB.7=0
keytemp="7"
Break

ElseIf PORTB.3=0 Then

DelayMs 100
PORTB.7=1

while PORTB.3=0
wend
DelayMs 100
PORTB.7=0
keytemp="%"
Break

EndIf

If PORTB.0=0 Then

DelayMs 100
PORTB.7=1

while PORTB.0=0
wend
DelayMs 100
PORTB.7=0
keytemp="2"
Break

ElseIf PORTB.1=0 Then
DelayMs 100
PORTB.7=1
while PORTB.1=0
wend
DelayMs 100
PORTB.7=0
keytemp="5"
Break
ElseIf PORTB.2=0 Then
DelayMs 100
PORTB.7=1
while PORTB.2=0
wend
DelayMs 100
PORTB.7=0
keytemp="8"
Break

ElseIf PORTB.3=0 Then
DelaymMs 100
PORTB.7=1
while PORTB.3=0
wend
Delayms 100
PORTB.7=0
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keytemp="0"
Break

EndIf
PORTB.4=1
PORTB. 5=1
PORTB. 6=0
If PORTB.0=0 Then
DelayMs 100
PORTB.7=1
while PORTB.0=0
wend
DelayMs 100
PORTB.7=0
keytemp="3"
Break

ElseIf PORTB.1=0 Then
DelayMs 100
PORTB.7=1
while PORTB.1=0
wend
DelaymMs 100
PORTB.7=0
keytemp="6"
Break
ElseIf PORTB.2=0 Then
DelaymMs 100
PORTB.7=1
while PORTB.2=0
wend
DelayMs 100
PORTB.7=0
keytemp="9"
Break

ElseIf PORTB.3=0 Then

DelayMs 100
PORTB.7=1

while PORTB.3=0
wend
DelayMs 100
PORTB.7=0
keytemp="#"
Break

EndIf
PORTB.4=0
PORTB.5=1
PORTB.6=1
wend

Return

End
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Software Application Form Scripts

History Form

Imports System.IO
Imports System.Drawing
Public Class frmBrowse
Dim g As Graphics
'Definition for creating graphics in picture box.
Dim DataPath As String =
My.Computer.FileSystem.SpecialDirectories.Temp & "\Trainings"
Dim ListPath As String =
My.Computer.FileSystem.SpecialDirectories.Temp & "\Clients"
Dim LapTime (255), LapHR(255), HRrest (255) As Single
'Integer array with one decimal place
Dim Pos As Integer
'Determines point of comparison in parsing
Dim i, x As Integer
'Declaration of subsitute variables
Dim IntAdapt As Integer
'Variable to align integers to the right side
Dim x scroll, y scroll As Integer
'Form variables for scroll bar movement
Dim x coord new, x coord As Integer
Dim x graph, y graph, x end, y end, x start, y start As Single
'Coordinates for plotting points
Dim index, LargestTime, HeartRate, InitialDay, CurrentDay,
Training Length As Single
'Data-mapping variables

Dim RestingHR, Age, AverageHR, Speed, Distance, TotalTime As Single

'Heart Rate Computation Variables
Dim YScroll As Boolean = False
Dim response As MsgBoxResult
'Variable to recieve the response in the message box
Dim Graph scale As Single
Dim Graph Length As Single
Const x allowance = 100, y allowance = 75, drag sensitivity = 50
'Scales for graphing
Private Sub Load Graph()
pcbGraph.Refresh ()
g = pcbGraph.CreateGraphics
g.FillRectangle (Brushes.Black, - (pcbGraph.Location.X +
x _scroll), 0, x allowance, LargestTime / graph scale + y allowance +
500)
g.FillRectangle (Brushes.Black, x allowance, LargestTime /
graph scale + y allowance, Graph Length * Training Length, 500)
pcbGraph.BackColor = Color.White
For Me.x = CurrentDay To 1 Step -1

If File.Exists(DataPath & "\Day" & x & " " & cmbName.Text &

cmbTraining.Text & ".end") = True Then

UpdatePictureBox ()

Dim FileReader As StreamReader

Dim MainStr, StrTemp As String

FileReader = New StreamReader (DataPath & "\Day" & x &
" " & cmbName.Text & cmbTraining.Text & ".end")

MainStr = FileReader.ReadToEnd ()
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FileReader.Close ()

index = 0
Pos = 2
While Pos <> 0
Search:
Pos = InStr (MainStr, "L", CompareMethod.Text)
If Pos = 0 Then
Pos = InStr (MainStr, "H", CompareMethod.Text)
If Pos = 0 Then
Invalid:

MessageBox.Show ("Invalid File Format",
"Deleting Training", 0, _
MessageBoxIcon.Exclamation,
0, 0, False)
Dim DayHandler As New FileInfo (DataPath &
"\Day" & X & "_" &
cmbName . Text
& cmbTraining.Text & ".end")
DayHandler.Delete ()
GoTo NextDay
End If
Pos = InStr (MainStr, ":", CompareMethod.Text)
StrTemp = Mid(MainStr, Pos, 6)
StrTemp = StrTemp.Trim(":")
If IsNumeric (StrTemp) Then
LapHR(x - 1) = StrTemp
Else
GoTo Invalid
End If
Pos = InStr (MainStr, "R", CompareMethod.Text)
If Pos <> 0 Then
MainStr = Mid(MainStr, Pos + 1)
Pos = InStr (MainStr, ":",
CompareMethod.Text)
StrTemp = Mid (MainStr, Pos, 4)
StrTemp = StrTemp.Trim(":")
If IsNumeric(StrTemp) Then

HRrest(x - 1) = StrTemp
End If
End If
Exit While
End If
Pos = InStr (MainStr, ":", CompareMethod.Text)

StrTemp = Mid (MainStr, Pos, 6)
StrTemp = StrTemp.Trim(":")
IntAdapt = StrTemp
If IntAdapt > 0 Then
LapTime (index) = StrTemp
Elself IntAdapt = 0 Then
MainStr = Mid(MainStr, Pos + 1)
GoTo Search
ElseIf Not IsNumeric (StrTemp) Then
GoTo Invalid
End If
MainStr = Mid(MainStr, Pos + 1)
index += 1
End While
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TotalTime = 0
For Me.i = 0 To index - 1
TotalTime += LapTime (i)
If LapTime (i) > LargestTime Then
LargestTime = LapTime (1)
End If
Next i
If LargestTime > 5000 Then
graph_scale = 10

ElseIf LargestTime <= 5000 And LargestTime > 1000 Then

graph scale = 5
ElseIf LargestTime <= 1000 And LargestTime > 500 Then
graph scale = 2
ElseIf LargestTime <= 500 And LargestTime > 100 Then
graph scale =1
ElseIf LargestTime <= 100 And LargestTime > 50 Then
graph scale = 0.5
ElseIf LargestTime <= 50 And LargestTime >= 0 Then
graph scale = 0.1
End If
Speed = Distance / (TotalTime / index)
Speed = Math.Round (Speed, 2)
Dim x reference As Single
x _reference = (Graph Length * (x - 1)) + x allowance
x_graph = Graph Length / (index)
y _graph = LargestTime / graph scale
g.DrawString ("Time", Font, Brushes.White, 13 -
(pcbGraph.Location.X + x scroll), pcbGraph.Height / 2 - y allowance)
g.DrawString (" (Seconds)", Font, Brushes.White, -
(pcbGraph.Location.X + x scroll), pcbGraph.Height / 2 - 10)
g.DrawString ("Laps", Font, Brushes.White, x reference
Graph Length / 2 - 35, y allowance +
LargestTime / graph scale + 5)
g.FillRectangle (Brushes.White, x reference +
Graph Length / 2 - 45, y allowance + LargestTime
/ graph scale + 30, 50, 50)
g.DrawString ("Day " & x, Font, Brushes.Black,
x _reference + Graph Length / 2
- 40, y allowance + LargestTime /
graph _scale + 35

DrawString ("Heart Rate = " & LapHR(x - 1) & "
beats/min", Font, Brushes.White, x reference + 5, 1)

+

)
g.FillRectangle (Brushes.Black, x reference, 0, 150, 17)
g.

g.FillRectangle (Brushes.Blue, x reference, 17, 150, 17)

g.DrawString ("Resting HR = " & HRrest(x - 1) & "
beats/min", Font, Brushes.White, x reference + 5, 18)

g.FillRectangle (Brushes.Gold, x reference, 34, 150, 17)

g.DrawString ("Speed = " & Speed & " m/s", Font,
Brushes.Black, x reference + 5, 35)
g.DrawString ("0", Font, Brushes.White, 68 -
(pcbGraph.Location.X + x scroll), y allowance + y graph - 5)
Update Graph ()
End If
NextDay:
Next x
End Sub
Private Sub Update Fields ()
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Dim FileReader As StreamReader
FileReader = New StreamReader (ListPath & "\" & cmbName.Text &

".end")
FileReader.ReadLine ()
txtAge.Text = FileReader.ReadLine ()
Age = txtAge.Text
FileReader.Close()
Load Graph ()
Karvonen ()

End Sub

Private Sub UpdatePictureBox ()

pcbGraph.Height = y graph + 125

Me.Height = pcbGraph.Height + 180

y_scroll = VerticalScroll.Value

btnRefresh.Location = New Point (11, pcbGraph.Height + 63 -
y_scroll)

btnZoomIn.Location = New Point (782, pcbGraph.Height + 63 -
y_scroll)

btnZoomOut.Location = New Point (830, pcbGraph.Height + 63 -
y_scroll)

btnBack.Location = New Point (370, pcbGraph.Height + 94 -
y_scroll)

grpGraph.Location = New Point (12, 9 - y scroll)

lblDays.Location = New Point (122, 9 - y scroll)

txtDays.Location = New Point (125, 25 - y scroll)

IblCurrent.Location = New Point (252, 9 - y scroll)

txtCurrent.Location = New Point (255, 25 - y scroll)

IblAge.Location = New Point (321, 9 - y scroll)

txtAge.Location = New Point (324, 25 - y scroll)

lblEvaluation.Location = New Point (363, 9 - y scroll)

txtEvaluation.Location = New Point (366, 25 - y scroll)
IblName.Location = New Point (481, 9 - y scroll)
cmbName.Location = New Point (484, 25 - y scroll)
1blTraining.Location = New Point (672, 9 - y scroll)
cmbTraining.Location = New Point (675, 25 - y scroll)
lblDistance.Location = New Point (743, 9 - y scroll)
txtDistance.Location = New Point (746, 25 - y scroll)

pcbGraph.Location = New Point (pcbGraph.Location.X + x scroll,
57 - y scroll)

If txtDays.Text <> Nothing Then
Dim x coordinate As Integer
Training Length = txtDays.Text
x_coordinate = Graph Length * Training Length
pcbGraph.Width = x coordinate + x allowance
Me.Width = pcbGraph.Width + 40

End If

End Sub
Private Sub AdaptInteger (ByVal ind)

If LapTime(ind) < 1000 And LapTime (ind) >= 100 Then
IntAdapt = 56

ElselIf LapTime(ind) < 100 And LapTime (ind) >= 10 Then
IntAdapt = 62

Elself LapTime (ind) < 10 And LapTime (ind) >= 0 Then
IntAdapt = 68

ElseIf LapTime (ind) < 10000 And LapTime (ind) >= 1000 Then
IntAdapt = 50

Else



IntAdapt = 44
End If
End Sub
Private Sub Update Graph ()
Dim pen As New Pen (Color.Red, 2)
pen.DashStyle = Drawing2D.DashStyle.Dot
g = pcbGraph.CreateGraphics

For Me.i = 0 To index - 2
x_start = (Graph Length * (x - 1)) + x allowance + (x_graph
*l)
y start = y allowance + y graph - (LapTime (i) /graph scale)
x end = (Grgph Length * (; - 1)) + x allowance + (x Eraph *
(i + 1)) B B B B
y end = y allowance + y graph - (LapTime(i + 1) /

graph scale)
If LapTime (i) Mod 5 = 0 Then
AdaptInteger (i)
g.DrawString (LapTime (i), Font, Brushes.White, IntAdapt
- (pcbGraph.Location.X + x scroll), y start - 5)
End If
If LapTime(i + 1) Mod 5 = 0 Then
AdaptInteger (i + 1)
g.DrawString (LapTime (i + 1), Font, Brushes.White,
IntAdapt - (pcbGraph.Location.X + x scroll), y end - 5)
End If
If rdbLine.Checked = True And rdbBar.Checked = False Then
g.FillEllipse (Brushes.Red, x start - 5, y start - 5,
10, 10)
g.DrawString(i + 1, Font, Brushes.Red, x start - 4,
y_start - 15)
g.FillEllipse (Brushes.Red, x end - 5, y end - 5, 10,

10)
g.DrawString (i + 2, Font, Brushes.Red, x end - 4, y end
- 15)
g.DrawlLine (pen, x_start, y start, x end, y end)
ElseIf rdbBar.Checked = True And rdbLine.Checked = False
Then

g.FillRectangle (Brushes.Green, x start, y start,
(x_graph / 2), (LapTime(i) / graph scale))

g.FillRectangle (Brushes.Green, x end, y end, (x _graph /
2), (LapTime(i + 1) / graph scale))

g.DrawString(i + 1, Font, Brushes.Red, x start -
(x_graph / 20), y start - 10)

g.DrawString (i + 2, Font, Brushes.Red, x end - (x_graph
/ 20), y end - 10)
End If
Next i
End Sub

Private Sub Load Training Name ()
Dim FileReader As StreamReader
FileReader = New StreamReader (ListPath & "\Index.end")
cmbName.Items.Clear ()
While Not FileReader.EndOfStream
cmbName.Items.Add (FileReader.ReadLine ())
End While
FileReader.Close ()
cmbName.Text = cmbName.Items.Item(0)
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End Sub
Private Sub Load Training Number ()

" end")

cmbTraining.Items.Clear ()
For Me.x = 1 To 32767

If File.Exists(DataPath & "\Dayl " & cmbName.Text & x &

= True Then
cmbTraining.Items.Add (x.ToString)
Else
Exit For
End If
Next x
If cmbTraining.Items.Count <> 0 Then
cmbTraining.Text = cmbTraining.Items.Item(0)
End If

End Sub
Private Sub Load Fields()

If File.Exists(DataPath & "\Initial " & cmbName.Text &

cmbTraining.Text & ".end") = True Then

Dim FileReader As StreamReader

FileReader = New StreamReader (DataPath & "\Initial " &

cmbName.Text & cmbTraining.Text & ".end")

FileReader.ReadLine ()

InitialDay = FileReader.ReadLine ()

Training Length = FileReader.ReadLine ()

Distance = FileReader.ReadLine ()

txtDistance.Text = Distance

FileReader.Close ()

CurrentDay = Today.DayOfYear - InitialDay

If CurrentDay <> 1 Then
txtDays.Enabled = False

End If

txtDays.Text = Training Length

txtCurrent.Text = CurrentDay

Else

MessageBox.Show ("The selected client has no training record
yet", "Browse Client Record", O,

MessaggBoxIcon.Information, 0, 0, False)

pcbGraph.Refresh ()
End If

End Sub
Private Sub Karvonen ()

Dim MaxHR, MinHR, TotalHR, index As Single
index = CurrentDay

While HRrest (index) = 0

index -=1

RestingHR = HRrest (index)
End While
MinHR = (220 - Age - RestingHR) * 0.5 + RestingHR
MaxHR = (220 - Age - RestingHR) * 0.85 + RestingHR
i=20

While i <= Training Length
TotalHR += LapHR (1)
i+=1

End While

AverageHR = TotalHR / i

If AverageHR > MinHR And AverageHR < MaxHR Then
txtEvaluation.Text = "Good"
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Else
If AverageHR > MaxHR Then

txtEvaluation.Text = "Bad"
Elself AverageHR < MinHR Then
txtEvaluation.Text = "Very Good"
End If
End If
End Sub

Private Sub frmBrowse VisibleChanged(ByVal sender As System.Object,
ByVal e As EventArgs) Handles _
MyBase.VisibleChanged
Load Training Name ()
Load Training Number ()
End Sub
Private Sub cmbName SelectedIndexChanged(ByVal sender As
System.Object, ByVal e As EventArgs) Handles
cmbName. SelectedIndexChanged
cmbName.Text = cmbName.SelectedItem.ToString
cmbTraining.Items.Clear ()
For Me.x = 1 To 32767
If File.Exists(DataPath & "\Dayl " & cmbName.Text & X &
".end") = True Then
cmbTraining.Items.Add (x)

Else
Exit For
End If
Next x
If cmbTraining.Items.Count <> 0 Then
cmbTraining.Text = cmbTraining.Items.Item(0)

Load Fields ()
Update Fields()
Else
MessageBox.Show ("The selected Client has no training record
yet", "Browse Client Record", 0, _
MessageBoxIcon.Information, 0, 0, False)
pcbGraph.Refresh ()
cmbTraining.Text = Nothing
End If
End Sub
Private Sub cmbTraining SelectedIndexChanged (ByVal sender As
System.Object, ByVal e As EventArgs) Handles
cmbTraining.SelectedIndexChanged
pcbGraph.Location = New Point (0, 57 - y scroll)
LargestTime = 0
If cmbName.Text = Nothing Then
MessageBox.Show ("Select an existing Client in our database
before choosing a corresponding training",
"Browse Training Number", O,
MessageBoxIcon.Information, 0, 0, False)
Else
cmbTraining.Text = cmbTraining.SelectedItem.ToString
Load Fields()
Load Graph ()
Karvonen ()
End If
btnRefresh.Select ()
End Sub
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Private Sub Redraw Graph ()
If cmbTraining.Items.Count = 0 Then
pcbGraph.Refresh ()
Elself cmbTraining.Items.Count > 0 Then
Load Graph ()
Karvonen ()
End If
End Sub
Private Sub frmBrowse move (ByVal sender As Object, ByVal e As
EventArgs) Handles Me.Move
Redraw_Graph ()
End Sub
Private Sub frmBrowse MouseWheel (ByVal sender As Object, ByVal e As
EventArgs) Handles _
Me .MouseWheel
Redraw_Graph ()
End Sub
Private Sub frmBrowse FormClosing(ByVal sender As Object, ByVal e
As EventArgs) Handles _
Me.FormClosing
frmMain.Show ()
End Sub
Private Sub frmBrowse scroll (ByVal sender As Object, ByVal e As
EventArgs) Handles

Me.Scroll
Redraw_Graph ()
End Sub

Private Sub frmBrowse SizeChanged(ByVal sender As Object, ByVal e
As EventArgs) Handles
MyBase.SizeChanged
If Me.WindowState = FormWindowState.Maximized Then
Redraw_Graph ()
End If
End Sub
Private Sub btnRefresh Click(ByVal sender As System.Object, ByVal e
As EventArgs) Handles
btnRefresh.Click
Redraw_Graph ()
End Sub
Private Sub btnMain Click(ByVal sender As System.Object, ByVal e As
EventArgs)
Me.Close ()
frmMain.Show ()
End Sub
Private Sub rdbLine click(ByVal sender As System.Object, ByVal e As
EventArgs) Handles
rdbLine.Click
Radio Button()
End Sub
Private Sub rdbBar Click(ByVal sender As System.Object, ByVal e As
EventArgs) Handles
rdbBar.Click
Radio Button()
End Sub
Private Sub Radio Button()
If File.Exists(DataPath & "\Dayl " & cmbName.Text &
cmbTraining.Text & ".end") = True Then
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Redraw_Graph ()
End If
End Sub
Private Sub btnBack Click(ByVal sender As System.Object, ByVal e As
EventArgs) Handles btnBack.Click
Me.Close ()
frmMain.Show ()
End Sub
Private Sub frmBrowse Load(ByVal sender As System.Object, ByVal e
As EventArgs) Handles MyBase.Load
Graph Length = 200
graph scale = 0.1
rdbLine.Select ()
btnRefresh.Select ()
VScroll = True
End Sub
Private Sub frmEndurance MouseWheel (ByVal sender As System.Object,
ByVal e As MouseEventArgs) Handles MyBase.MouseWheel
Graph Length = Graph Length + e.Delta / 10
If Graph Length < 200 Then
Graph Length = 200
End If
End Sub
Private Sub pcbGraph MouseMove (ByVal sender As System.Object, ByVal
e As MouseEventArgs) Handles pcbGraph.MouseMove
If e.Button = MouseButtons.Left Then
x_coord new = MousePosition.X
If x coord new > x coord Then
x scroll = (x _coord new - x coord) / drag sensitivity
If pcbGraph.Location.X + x scroll > 0 Then
pcbGraph.Location = New Point (0, 57 - y scroll)

Exit Sub
End If
Load Graph ()
Elself x coord new < x coord Then
x _scroll = (x _coord new - x coord) / drag sensitivity

If pcbGraph.Width < 1000 Then
pcbGraph.Location = New Point (0, 57 - y scroll)

Exit Sub
End If
If pcbGraph.Location.X + x scroll <= - (pcbGraph.Width -

900) Then
pcbGraph.Location = New Point (- (pcbGraph.Width -

900), 57 - y scroll)

Exit Sub
End If
Load Graph ()
End If
End If
End Sub

Private Sub pcbGraph MouseDown (ByVal sender As System.Object, ByVal
e As MouseEventArgs) Handles pcbGraph.MouseDown
Cursor = Cursors.Hand
x_coord = MousePosition.X
End Sub
Private Sub pcbGraph MouseUp (ByVal sender As System.Object, ByVal e
As MouseEventArgs) Handles pcbGraph.MouseUp
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Cursor = Cursors.Default
x scroll = 0
Load Graph ()

End Sub

Private Sub btnZoomIn Click (ByVal sender As System.Object, ByVal e

As EventArgs) Handles btnZoomIn.Click
Graph Length += 50
Load Graph ()
End Sub
Private Sub btnZoomOut Click(ByVal sender As
As EventArgs) Handles btnZoomOut.Click
Graph Length -= 50
If Graph Length < 200 Then
Graph Length = 200

End If
Load Graph ()
End Sub
End Class

Training Form

Imports System.IO
Imports System.Drawing
Public Class frmEndurance
Dim g As Graphics
'Definition for creating graphics in picture
Dim DataPath As String =
My.Computer.FileSystem.SpecialDirectories.Temp &
Dim ListPath As String =
My.Computer.FileSystem.SpecialDirectories.Temp &
Dim LapTime (100), LapHR(100), HRrest (100) As
'Integer array with one decimal place
Dim Pos As Integer
'Determines point of comparison in parsing
Dim i, x, train no As Integer
'Declaration of subsitute wvariables
Dim IntAdapt As Integer

'Variable to align integers to the right side

Dim x scroll, y scroll As Integer

'Form variables for scroll bar movement

Dim x coord, x coord new As Integer

Dim x graph, y graph, x end, y end, x start,
'Coordinates for plotting points

System.Object, ByVal e

box.
"\Trainings"

"\Clients™"
Single

y_start As Single

Dim index, LargestTime, HeartRate, InitialDay, CurrentDay,

Training Length As Single
'Data-mapping variables

Dim RestingHR, Age, AverageHR, Speed, Distance,

'Heart Rate Computation Variables
Dim FileSelected As Boolean = False

'Flag for determining when file is selected or not

if yes)
Dim ofdGraph As New OpenFileDialog

'Declaration for the dialog box to open files.

Dim results As DialogResult

'Variable to receive the response in the dialog box

Dim response As MsgBoxResult

TotalTime As Single

(O if no and 1



'Variable to recieve the response in the message box

Dim Graph scale As Single

Dim Graph Length As Single

Const x _allowance = 100, y allowance = 75, drag sensitivity = 50

'Scales for graphing

Private Sub btnOpen Click(ByVal sender As System.Object, ByVal e As
EventArgs) Handles

btnOpen.Click

If txtAge.Text = Nothing Or txtName.Text = Nothing Then
MessageBox.Show ("Add or Select a Client in 'Client Info'

before selecting a file",

"Browsing File", O,
MessageBoxIcon.Information, 0, 0, False)
Me.Close ()
frmMain.Show ()
End If

Check Default ()
'Checks options if it has yet to be chosen
results = ofdGraph.ShowDialog
'Stores the result of the open file dialog box
If results = DialogResult.OK Then
'If activated option is "OK"
If I0.File.Exists (DataPath & "\Day" & CurrentDay & " " &
txtName.Text & train no & ".end") = True Then
'Checks if the Current Training Day already has an
existing graph copied to a file
response = MessageBox.Show ("You are about to replace
the existing Graph of this day. Continue?", _
"Browsing file",
MessageBoxButtons.OKCancel, MessageBoxIcon.Warning, 0, 0, False)
'Shows the message box for the replacement scenario
If response = MsgBoxResult.Ok Then
'Tf "OK" button is selected
CopyFile()
'Replace the existing with the one inputted on the
form
SaveData ()
'Updates the reference for the length and first day
of training
Load Graph ()
'Draw the a graph from the current day down to the
first day
Else
Load Graph ()
End If
ElseIf CurrentDay > Training Length And txtDays.Text <>
Nothing Then
'When the current day is out of range of the recent
training coverage
response = MessageBox.Show ("Today has exceeded the
training length. Do you want to start a " & _
"new training with the
selected file as your initial day?", "Browsing File", _
MessageBoxButtons.YesNo,
MessageBoxIcon.Question, 0, 0, False)
'Show the message box to prompt for a new training or
browse

92



If response = MsgBoxResult.Yes Then

'Tf "YES" option is selected

CurrentDay = 1

'New training means the current day is the first
day

txtCurrent.Text = CurrentDay

txtDays.Text = 1

txtDays.Enabled = True

'enables control of the textbox to further allow a
new entry

For Me.x = 1 To 32767

If File.Exists(DataPath & "\Initial " &
txtName.Text & x & ".end") = False Then
train no = x
Exit For
End If

Next x

CopyFile ()

SaveData ()

Load Graph ()

ElseIf response = MsgBoxResult.Cancel Then
pcbGraph.Refresh ()

Else
Load Graph ()
'redraw all the recent training graphs for browsing
End If
ElseIf IO.File.Exists(DataPath & "\Day" & CurrentDay & " "
& txtName.Text & train no & ".end") = False Then
'When current day has no existing graph
CopyFile ()
'Copy graph to a new file
SaveData ()
Load Graph ()
'Draw the current graph up to the first day
Else
Load Graph ()
End If
End If

End Sub
Private Sub Clear All()
txtDays.Text = Nothing
txtAge.Text = Nothing
txtRest.Text = Nothing
txtEvaluation.Text = Nothing
txtName.Text = Nothing
End Sub
Private Sub Check Default ()
If txtDays.Text <> Nothing Then
IntAdapt = txtDays.Text
End If
If txtDays.Text = Nothing Or IntAdapt < 12 And txtDays.Enabled
= True Then
'If training length field is blank
MessageBox.Show ("The minimum number of training days is
12", "Checking program defaults",
0, MessageBoxIcon.Stop, 0, 0, False)
txtDays.Text = "12"
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End If
End Sub
Private Sub Invalid Value (ByVal sender)

If Not IsNumeric(sender.Text) And sender.Text <> Nothing Then

'If input is not a number and is not empty
MessageBox.Show ("Only numerical inputs are required",
"Invalid Field Value", 0, _
MessageBoxIcon.Warning, 0, 0, False)
'Notify Client of the invalid input
sender.Text = Nothing
'Clears the corresponding field
End If
End Sub
Private Sub SaveData ()
If txtDays.Text <> Nothing Or txtRest.Text <> Nothing Then
If File.Exists(DataPath & "\Day" & CurrentDay & " " &
txtName.Text & train no & ".end") = False Then
MessageBox.Show ("Current Day has no graph to record
data", "Saving Training", 0, MessageBoxIcon.Information,
0, 0, False)
Exit Sub
End If
Dim FileWriter As StreamWriter
InitialDay = Today.DayOfYear - CurrentDay
Training Length = txtDays.Text
FileWriter = New StreamWriter (DataPath & "\Initial " &
txtName.Text & train no & ".end")
FileWriter.WriteLine
FileWriter.WriteLine
FileWriter.WriteLine
FileWriter.WriteLine
FileWriter.Close ()
Load Graph ()
Dim RestTemp, MainStr As String
If txtRest.Text = Nothing Then
Exit Sub
End If
Dim CharTemp (255) As Char
Dim FileReader As StreamReader
FileReader = New StreamReader (DataPath & "\Day" &
CurrentDay & " " & txtName.Text & train no & ".end")
MainStr = FileReader.ReadToEnd/()
FileReader.Close ()
Pos = InStr (MainStr, "R", CompareMethod.Text)
If Pos <> 0 Then
FileReader = New StreamReader (DataPath & "\Day" &
CurrentDay & " " & txtName.Text & train no & ".end")
FileReader.Read (CharTemp, 0, Pos - 1)
FileReader.Close ()
FileWriter = New StreamWriter (DataPath & "\Day" &
CurrentDay & " " & txtName.Text & train no & ".end")
FileWriter.Write (CharTemp, 0, Pos - 1)
FileWriter.Close ()

txtName.Text)
InitialDay)
Training Length)
Distance)

—_— o~ o~ —~

End If

If txtRest.TextLength = 2 Then
RestTemp = "0" & txtRest.Text

Else
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RestTemp =

txtRest.Text

End If
FileWriter = New StreamWriter (DataPath & "\Day" &
CurrentDay & " " & txtName.Text & train no & ".end", True)

FiIeWriter.Write("RestHR:" & RestTemp)
FileWriter.Close ()

End
End Sub
Private
Dim

If

Sub CopyFile ()
File As New FileInfo (ofdGraph.FileName)

File.CopyTo(DataPath & "\Day" & CurrentDay & " " & txtName.Text
& train no & ".end", True)

File.Delete ()
End Sub

Private Sub Load Graph ()
pcbGraph.Refresh ()

g:

pcbGraph.CreateGraphics
g.FillRectangle (Brushes.Black,

- (pcbGraph.Location.X +

x _scroll), 0, x allowance, LargestTime / Graph scale + y allowance +

500)

g.FillRectangle (Brushes.Black, x allowance, LargestTime /

Graph scale + y allowance, Graph Length * Training Length,
pcbGraph.BackColor =

For Me.x =

500)
Color.White

CurrentDay To 1 Step -1

If File.Exists(DataPath & "\Day" & x & " " & txtName.Text &

train no & ".end")

= True Then

UpdatePictureBox ()
Dim FileReader As StreamReader

Dim MainStr,
FileReader = New StreamReader (DataPath & "\Day" & x &

StrTemp As String

" " & txtName.Text & train no & ".end")
MainStr = FileReader.ReadToEnd/()
FileReader.Close ()
index = 0
Pos = 2
While Pos <> 0
Search:
Pos = InStr (MainStr, "L", CompareMethod.Text)
If Pos = 0 Then
Pos = InStr (MainStr, "H", CompareMethod.Text)
If Pos = 0 Then
Invalid:
MessageBox.Show ("Invalid File Format",
"Deleting Training", 0, _
MessageBoxIcon.Exclamation,
0, 0, False)
Dim DayHandler As New FileInfo (DataPath &
"\Day" &§ x & " " g
txtName.Text
& train no & ".end")
DayHandler.Delete ()
GoTo NextDay
End If
Pos = InStr (MainStr, ":", CompareMethod.Text)
StrTemp = Mid (MainStr, Pos, 6)
StrTemp = StrTemp.Trim(":")
If IsNumeric(StrTemp) Then
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LapHR(x - 1) = StrTemp
Else
GoTo Invalid
End If
Pos = InStr (MainStr, "R", CompareMethod.Text)
If Pos <> 0 Then
MainStr = Mid(MainStr, Pos + 1)
Pos = InStr (MainStr, ":",
CompareMethod.Text)
StrTemp = Mid(MainStr, Pos, 4)
StrTemp = StrTemp.Trim(":")
If IsNumeric (StrTemp) Then

HRrest(x - 1) = StrTemp
End If
End If
FileSelected = True
Exit While
End If
Pos = InStr (MainStr, ":", CompareMethod.Text)

StrTemp = Mid(MainStr, Pos, 6)
StrTemp = StrTemp.Trim(":")
IntAdapt = StrTemp
If IntAdapt > 0 Then
LapTime (index) = StrTemp
ElseIf IntAdapt = 0 Then
MainStr = Mid(MainStr, Pos + 1)
GoTo Search
ElseIf Not IsNumeric (StrTemp) Then
GoTo Invalid
End If
MainStr = Mid(MainStr, Pos + 1)
index += 1
End While
TotalTime = 0
For Me.i = 0 To index - 1
TotalTime += LapTime (i)
If LapTime (i) > LargestTime Then
LargestTime = LapTime (1)
End If
Next i
If LargestTime > 5000 Then
Graph scale = 10
ElselIf LargestTime <= 5000 And LargestTime > 1000 Then
Graph scale = 5
ElseIf LargestTime <= 1000 And LargestTime > 500 Then
Graph scale = 2
ElselIf LargestTime <= 500 And LargestTime > 100 Then
Graph scale =1
ElselIf LargestTime <= 100 And LargestTime > 50 Then
Graph scale = 0.5
Elself LargestTime <= 50 And LargestTime >= 0 Then
Graph scale = 0.1
End If
If txtDistance.Text = Nothing Then
Distance = 0
Else
Distance

txtDistance.Text
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End If

Speed = Distance / (TotalT
Speed = Math.Round (Speed,
Dim x reference As Single

x_reference = (Graph Length * (x - 1)) + x allowance

x_graph = Graph Length / (
y _graph = LargestTime / Gr
g.DrawString ("Time", Font,

(pcbGraph.Location.X + x scroll), pcbGraph.Height / 2 - y allowance)

g.DrawString (" (Seconds) ",
(pcbGraph.Location.X + x scroll), pcbGraph

ime / index)
2)

index)
aph scale
Brushes.White, 13

Font, Brushes.White,

.Height / 2 - 10)

g.DrawString ("Laps", Font, Brushes.White, x reference +

Graph Length / 2 - 35, y allowance +

LargestTime / Graph scale + 5)

g.FillRectangle (Brushes.White, x reference +

Graph Length / 2 - 45, y allowance + Large
/ Graph sc
g.DrawString("Day " & x, F

x _reference + Graph Length / 2

stTime
ale + 30, 50, 50)

ont, Brushes.Black,

- ZO, y allowance + LargestTime

Graph scale + 35)
g.FillRectangle (Brushes.B1l
g.DrawString ("Heart Rate =
beats/min", Font, Brushes.White, x referen

g.FillRectangle (Brushes.Blue, x reference,

g.DrawString ("Resting HR =
beats/min", Font, Brushes.White, x referen

g.FillRectangle (Brushes.Go

g.DrawString ("Speed = " &
Brushes.Black, x reference + 5, 35)

ack, x reference,
" & LapHR(x - 1)
ce + 5, 1)

" & HRrest(x - 1)
ce + 5, 18)

/

0,

17,

&

1d, x reference, 34,

Speed & " m/s", Font,

g.DrawString ("0", Font, Brushes.White, 68 -
(pcbGraph.Location.X + x scroll), y allowance + y graph - 5)

Update Graph ()
End If
NextDay:

Next x

End Sub

Private Sub UpdatePictureBox ()
pcbGraph.Height = y graph + 125
Me.Height = pcbGraph.Height + 205
y_scroll = VerticalScroll.Value

btnOpen.Location = New Point (12, pcbGraph.Height + 77 -

y_scroll)
btnRefresh.Location = New Point (10
y_scroll)
btnEvaluate.Location = New Point (6
btnBack.Location = New Point (426,

y_scroll)

btnZoomIn.Location = New Point (852
y_scroll)

btnZoomOut.Location = New Point (90
y_scroll)

grpGraph.Location = New Point (13,
1blDays.Location = New Point (123,
txtDays.Location = New Point (127,
1blCurrent.Location = New Point (25
txtCurrent.Location = New Point (25

8, pcbGraph.Height + 77 -

02, 36 - y scroll)

, pcbGraph.Height + 77 -

0, pcbGraph.Height + 77 -

20 - y scroll)
20 - y scroll)
37 - y scroll)
3, 20 - y scroll)
6, 37 - y scroll)

pcbGraph.Height + 101 -

17)

17)

17)
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lblRest.Location = New Point (322, 20 - y scroll)
txtRest.Location = New Point (325, 37 - y scroll)
lblAge.Location = New Point (482, 20 - y scroll)
txtAge.Location = New Point (482, 37 - y scroll)
IblEvaluation.Location = New Point (517, 20 - y scroll)
txtEvaluation.Location = New Point (520, 37 - y scroll)
IblName.Location = New Point (635, 20 - y scroll)
txtName.Location = New Point (635, 37 - y scroll)
IblDistance.Location = New Point (825, 20 - y scroll)
txtDistance.Location = New Point (828, 37 - y scroll)
pcbGraph.Location = New Point (pcbGraph.Location.X + x scroll,
71 - y scroll)
If txtDays.Text <> Nothing Then
Dim x coordinate As Integer
Training Length = txtDays.Text
x_coordinate = Graph Length * Training Length
pcbGraph.Width = x coordinate + x allowance
Me.Width = pcbGraph.wWidth + 128
End If
End Sub
Private Sub AdaptInteger (ByVal ind)
If LapTime (ind) < 10000 And LapTime (ind) >= 1000 Then
IntAdapt = 50
ElseIf LapTime (ind) < 1000 And LapTime (ind) >= 100 Then
IntAdapt = 56
ElseIf LapTime (ind) < 100 And LapTime (ind) >= 10 Then
IntAdapt = 62
ElseIf LapTime (ind) < 10 And LapTime (ind) >= 0 Then
IntAdapt = 68
Else
IntAdapt = 44
End If
End Sub
Private Sub Update Graph()
If FileSelected = True Then
Dim pen As New Pen(Color.Red, 2)
pen.DashStyle = Drawing2D.DashStyle.Dot
g = pcbGraph.CreateGraphics

For Me.i = 0 To index - 2

X _start = (Graph Length * (x - 1)) + x allowance +
(x_graph * 1)

y start = y allowance + y graph - (LapTime (i) /
Graph scale)

x _end = (Graph Length * (x - 1)) + x allowance +
(x_graph * (i + 1))

y end = y allowance + y graph - (LapTime(i + 1) /

Graph scale)
If LapTime (i) Mod 5 = 0 Then
AdaptInteger (i)
g.DrawString (LapTime (i), Font, Brushes.White,
IntAdapt - (pcbGraph.Location.X + x scroll), y start - 5)
End If
If LapTime(i + 1) Mod 5 = 0 Then
AdaptInteger (i + 1)
g.DrawString (LapTime (i + 1), Font, Brushes.White,
IntAdapt - (pcbGraph.Location.X + x scroll), y end - 5)
End If



If rdbLine.Checked = True And rdbBar.Checked = False

Then

5, 10, 10)
y_start - 15)
10, 10)

y_end - 15)

g.FillEllipse (Brushes.Red, x start - 5, y start -
g.DrawString(i + 1, Font, Brushes.Red, x start - 4,
g.FillEllipse (Brushes.Red, x end - 5, y end - 5,
g.DrawString(i + 2, Font, Brushes.Red, x end - 4,

g.DbrawlLine (pen, X start, y start, x end, y end)

ElseIf rdbBar.Checked = True And rdbLine.Checked =

False Then

g.FillRectangle (Brushes.Green, x start, y start,

(x_graph / 2), (LapTime(i) / Graph scale))

g.FillRectangle (Brushes.Green, x end, y_end,

(x_graph / 2), (LapTime(i + 1) / Graph scale))

g.DrawString(i + 1, Font, Brushes.Red, x start -

(x_graph / 20), y start - 10)

g.DrawString(i + 2, Font, Brushes.Red, x end -

(x_graph / 20), y end - 10)
End If

Next i
End If
End Sub

Private Sub Karvonen ()
Dim MaxHR, MinHR, TotalHR, index As Single
index = CurrentDay

While HRrest (index) = 0

index -= 1

RestingHR = HRrest (index)
End While
MinHR = (220 - Age - RestingHR) * 0.5 + RestingHR
MaxHR = (220 - Age - RestingHR) * 0.85 + RestingHR
i=0

While LapHR (i) <> O
TotalHR += LapHR (1)

i +=1
End While

AverageHR = TotalHR / i
If AverageHR > MinHR And AverageHR < MaxHR Then

txtEvaluation.Text = "Good"
Else
If AverageHR > MaxHR Then
txtEvaluation.Text = "Bad"
ElselIf AverageHR < MinHR Then
txtEvaluation.Text = "Very Good"
End If
End If
End Sub

Private Sub rdbLine click(ByVal sender As System.Object, ByVal e As
EventArgs) Handles

rdbLine.Click

Radio Button()

End Sub

Private Sub rdbBar Click(ByVal sender As System.Object, ByVal e As
EventArgs) Handles
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rdbBar.Click
Radio Button ()

End Sub
Private Sub Initialize Data()
If Directory.Exists (DataPath) = False Then
Dim DirHandler As New DirectoryInfo (DataPath)
DirHandler.Create ()
End If
Dim FileReader As StreamReader
If File.Exists (ListPath & "\Current.end") = True Then
FileReader = New StreamReader (ListPath & "\Current.end")
txtName.Text = FileReader.ReadLine ()

txtAge.Text = FileReader.ReadLine ()
FileReader.Close ()
End If
For Me.x = 1 To 32767
If File.Exists(DataPath & "\Initial " & txtName.Text & x &
".end") = False Then
If x > 1 Then

train no = x - 1
ElseIf x = 1 Then
train no = x
End If
Exit For
End If
Next x

If File.Exists(DataPath & "\Initial " & txtName.Text & train no
& ".end") = True Then
FileReader = New StreamReader (DataPath & "\Initial " &
txtName.Text & train no & ".end")
FileReader.ReadLine ()
InitialDay = FileReader.ReadLine ()
Training Length = FileReader.ReadLine ()
Distance = FileReader.ReadLine ()
FileReader.Close ()
CurrentDay = Today.DayOfYear - InitialDay
If CurrentDay <> 1 Then
txtDays.Enabled = False
End If
txtDays.Text = Training Length
txtCurrent.Text = CurrentDay
txtDistance.Text = Distance
Else
CurrentbDay =1
txtCurrent.Text = CurrentDay

End If
If I0.File.Exists (DataPath & "\Day" & CurrentDay & " " &
txtName.Text & train no & ".end") = True Then
FileSelected = True
End If
End Sub

Private Sub Radio Button()
If File.Exists(DataPath & "\Dayl " & txtName.Text & train no &
".end") = True Then
Load Graph ()
Else
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MessageBox.Show ("You currently have no data to graph",
"Loading Graph", O,
MessageBoxIcon.Stop, 0, 0, False)
pcbGraph.Refresh ()
End If
End Sub
Private Sub frmEndurance VisibleChanged(ByVal sender As
System.Object, ByVal e As EventArgs) Handles Me.VisibleChanged
Initialize Data()
rdbLine.Select ()
Redraw_Graph ()
End Sub
Private Sub frmEndurance FormClosing(ByVal sender As Object,
ByVal e As FormClosingEventArgs) Handles Me.FormClosing
If txtRest.Text <> Nothing Then
RestingHR = txtRest.Text
Else
GoTo Skip
End If
If RestingHR < 50 Or RestingHR > 100 Then
MessageBox.Show ("Invalid Resting Heart Rate (must be within
50 and 100 beats/min)", "Saving Training", _
0, MessageBoxIcon.Information, 0, 0, False)
e.Cancel = True
Exit Sub
End If
Skip:
response = MessageBox.Show ("Do you want to save the current
training before closing?", "Closing Training Form",
MessageBoxButtons.YesNoCancel,
MessageBoxIcon.Question, 0, 0, False)
If response = MsgBoxResult.Yes Then
SaveData ()
frmMain.Show
ElseIf response
frmMain.Show ()
ElseIf response MsgBoxResult.Cancel Then
e.Cancel = True
End If
End Sub
Private Sub Redraw Graph()
If File.Exists(DataPath & "\Dayl " & txtName.Text & train no &
".end") = True Then
Load Graph ()
Else
pcbGraph.Refresh ()
End If
End Sub
Private Sub frmEndurance move (ByVal sender As Object, ByVal e As
EventArgs) Handles Me.Move
Redraw_ Graph ()
End Sub
Private Sub frmEndurance MouseWheel (ByVal sender As Object, ByVal e
As EventArgs) Handles
Me .MouseWheel
Redraw_ Graph ()
End Sub

)
MsgBoxResult.No Then

N— I —~
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Private Sub frmEndurance scroll (ByVal sender As Object, ByVal e As
EventArgs) Handles

Me.Scroll
Redraw_Graph ()
End Sub

Private Sub frmEndurance SizeChanged(ByVal sender As Object, ByVal
e As EventArgs) Handles _
MyBase.SizeChanged
If Me.WindowState = FormWindowState.Maximized Then
Redraw_Graph ()
End If
End Sub
Private Sub btnRefresh Click(ByVal sender As System.Object, ByVal e
As EventArgs) Handles _
btnRefresh.Click
Check Default ()
If File.Exists(DataPath & "\Dayl " & txtName.Text & train no &
".end") = True Then
Load Graph ()
Else
MessageBox.Show ("You do not have anything to reload",
"Reloading Graph", O,
MessageBoxIcon.Stop, 0, 0, False)
pcbGraph.Refresh ()
End If
End Sub
Private Sub btnEvaluate Click(ByVal sender As System.Object, ByVal
e As EventArgs) Handles
btnEvaluate.Click
If File.Exists(DataPath & "\Dayl " & txtName.Text & train no &
".end") = False Then
MessageBox.Show ("No graph to get data from", "Evaluating
Endurance", 0, MessageBoxIcon. _
Exclamation, 0, 0, False)
Else
Karvonen ()
End If
End Sub
Private Sub txtDays TextChanged(ByVal sender As System.Object,
ByVal e As EventArgs) Handles _
txtDays.TextChanged
Invalid Value (sender)
End Sub
Private Sub TextBoxl TextChanged(ByVal sender As System.Object,
ByVal e As EventArgs) Handles txtDistance.TextChanged
Invalid Value (sender)
Load Graph ()
End Sub
Private Sub btnBack Click(ByVal sender As System.Object, ByVal e As
EventArgs) Handles btnBack.Click
Me.Close ()
End Sub
Private Sub frmEndurance Load(ByVal sender As System.Object, ByVal
e As EventArgs) Handles MyBase.Load
Graph Length = 200
Graph scale = 0.1
btnRefresh.Select ()
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VScroll = True
End Sub
Private Sub frmEndurance MouseWheel (ByVal sender As System.Object,
ByVal e As MouseEventArgs) Handles MyBase.MouseWheel
Graph Length = Graph Length + e.Delta / 10
If Graph Length < 200 Then
Graph Length = 200
End If
End Sub
Private Sub txtRest TextChanged(ByVal sender As System.Object,
ByVal e As EventArgs) Handles txtRest.TextChanged
Invalid Value (sender)
End Sub
Private Sub pcbGraph MouseMove (ByVal sender As System.Object, ByVal
e As MouseEventArgs) Handles pcbGraph.MouseMove
If e.Button = MouseButtons.Left Then
x_coord new = MousePosition.X
If x coord new > x coord Then
x _scroll = (x _coord new - x coord) / drag sensitivity
If pcbGraph.Location.X + x scroll >= 0 Then
pcbGraph.Location = New Point (0, 71 - y scroll)

Exit Sub
End If
Load Graph ()
Elself x coord new < x coord Then
x scroll = (x _coord new - x coord) / drag sensitivity
If pcbGraph.Location.X + x scroll <= - (pcbGraph.Width -

900) Then
pcbGraph.Location = New Point (- (pcbGraph.Width -
900), 71 - y scroll)

Exit Sub
End If
Load Graph ()
End If
End If

End Sub
Private Sub pcbGraph MouseDown (ByVal sender As System.Object, ByVal
e As MouseEventArgs) Handles pcbGraph.MouseDown
Cursor = Cursors.Hand
x_coord = MousePosition.X
End Sub
Private Sub pcbGraph MouseUp (ByVal sender As System.Object, ByVal e
As MouseEventArgs) Handles pcbGraph.MouseUp
Cursor = Cursors.Default
x _scroll =0
Load Graph ()
End Sub
Private Sub btnZoomIn Click(ByVal sender As System.Object, ByVal e
As EventArgs) Handles btnZoomIn.Click
Graph Length += 50
Load Graph ()
End Sub
Private Sub btnZoomOut Click(ByVal sender As System.Object, ByVal e
As EventArgs) Handles btnZoomOut.Click
Graph Length -= 50
If Graph Length < 200 Then
Graph Length = 200
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End If
Load Graph ()
End Sub
End Class

Main Form

Imports System.IO
Public Class frmMain
Dim ListPath As String =
My.Computer.FileSystem.SpecialDirectories.Temp & "\Clients"
Private Sub btnTraining Click(ByVal sender As System.Object, ByVal
e As EventArgs) Handles btnTraining.Click
If File.Exists (ListPath & "\Current.end") = True Then
Me.Hide ()
frmEndurance.Show ()
Else
MessageBox.Show ("Add and Select a Client from 'Clients
Form' before entering 'Trainings Form'",
"Opening Training Info", 0, MessageBoxIcon.Stop, 0, O,
False)
End If
End Sub
Private Sub btnBrowse Click(ByVal sender As System.Object, ByVal e
As EventArgs) Handles btnBrowse.Click

If File.Exists (ListPath & "\Current.end") = True Then
Me.Hide ()
frmBrowse.Show ()

Else

MessageBox.Show ("Add and Select a Client from 'Clients
Form' before entering 'History Form'",
"Opening Browse Trainings", 0, MessageBoxIcon.Stop, 0, O,
False)
End If
End Sub
Private Sub btnInfo Click(ByVal sender As System.Object, ByVal e As
EventArgs) Handles btnInfo.Click
Me.Hide ()
frmInfo.Show ()
End Sub
Private Sub btnSEAMs Click(ByVal sender As System.Object, ByVal e
As EventArgs) Handles btnSEAMs.Click
Me.Hide ()
frmSEAMs . Show ()
End Sub
Private Sub btnHelp Click(ByVal sender As System.Object, ByVal e As
EventArgs) Handles btnHelp.Click
Me.Hide ()
frmHelp.Show ()
End Sub
Private Sub frmMain Load(ByVal sender As System.Object, ByVal e As
EventArgs) Handles MyBase.Load
End Sub
End Class
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Client Form

Imports System.IO
Public Class frmInfo
Dim ListPath As String =
My.Computer.FileSystem.SpecialDirectories.Temp & "\Clients"
Dim DataPath As String =
My.Computer.FileSystem.SpecialDirectories.Temp & "\Trainings"
Dim gender, Client name, temp As String
Dim rest As Integer
Private Sub Invalid Value (ByVal sender)
If Not IsNumeric (sender.Text) And sender.Text <> Nothing Then
'If input is not a number and is not empty
MessageBox.Show ("Invalid Field Value", "Inputting on a

field", O,
MessageBoxIcon.Warning, 0, 0, False)
'Notify user of the invalid input
sender.Text = Nothing
'Clears the corresponding field
End If
End Sub

Private Sub Check Name (ByVal cmbName, ByVal txtName)
If chkSelect.Checked = True Then

Client name = cmbName

ElseIf chkSelect.Checked = False Then
Client name = txtName

End If

End Sub
Private Sub List Clients()
Dim FileReader As StreamReader
FileReader = New StreamReader (ListPath & "\Index.end")
While Not FileReader.EndOfStream
cmbName.Items.Add (FileReader.ReadLine ())
End While
FileReader.Close ()
End Sub
Private Sub Clear Fields()
cmbName.Items.Clear ()
cmbName.Text = Nothing
1blCheck.Text = Nothing
txtAge.Text = Nothing
txtName.Text = Nothing
txtContact.Text = Nothing
rdbMale.Checked False
rdbFemale.Checked = False
End Sub
Private Sub btnAdd Click(ByVal sender As System.Object, ByVal e As
EventArgs) Handles btnAdd.Click
Check Name (cmbName.Text, txtName.Text)
If Client name = Nothing Or txtAge.Text = Nothing Or
(rdbMale.Checked = False And _
rdbFemale.Checked = False) Then
MessageBox.Show ("Do not leave required fields (*) blank",
"Client's Info", O,

MessageBoxIcon.Exclamation, 0, 0, False)
Exit Sub
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End If
If txtContact.TextLength <> 11 And txtContact.TextLength <> 7
And txtContact.TextLength <> 0 Then
MessageBox.Show ("Please follow the format of the contact
number as it will be used for verifications or inquiries",
"Client's Info", O,
MessageBoxIcon.Information, 0, 0, False)
txtContact.Text = "09273233227"
Exit Sub
End If
If Client name.ToString.Length < 9 Or InStr(Client name, ",",
CompareMethod.Text) = 0 Then
MessageBox.Show ("Please follow the given format for your
name and make sure it's valid", "Client's Info",
0, MessageBoxIcon.Information, 0, 0, False)
txtName.Text Nothing
cmbName.Text = Nothing

Exit Sub

End If

If rdbMale.Checked = True Then
gender = "Male"

Elself rdbFemale.Checked = True Then
gender = "Female"

End If

Dim FileWriter As StreamWriter
Dim FileReader As StreamReader
Dim MainStr As String
If File.Exists(ListPath & "\" & Client name & ".end") = True
Then
MessageBox.Show ("Client's Info Updated", "Updating Client",

MessageBoxIcon.Information, 0, 0, False)
Else
MessageBox.Show ("Client added to the list", "Adding
Client", O,
MessageBoxIcon.Information, 0, 0, False)
End If
Try
FileWriter = New StreamWriter (ListPath & "\" & Client name
& ".end", False)
FileWriter.Close ()
Catch ex As Exception
MessageBox.Show (ex.Message & " Please enter a valid name",
"Writing to File", 0, MessageBoxIcon.Exclamation,
0, 0, False)
txtName.Text = Nothing
cmbName . Text Nothing
Exit Sub
End Try
FileWriter = New StreamWriter (ListPath & "\" & Client name &
".end", False)
FileWriter.WritelLine(Client name)
FileWriter.WriteLine (txtAge.Text)
If txtContact.Text = Nothing Then
FileWriter.WriteLine ("n/a")
Else
FileWriter.WriteLine (txtContact.Text)
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End If

FileWriter.WriteLine (gender)

FileWriter.Close()

FileReader = New StreamReader (ListPath & "\Index.end")
MainStr = FileReader.ReadToEnd()

FileReader.Close()

FileWriter = New StreamWriter (ListPath & "\Index.end", True)

If InStr (MainStr, Client name, CompareMethod.Text) = 0 Then
FileWriter.WriteLine (Client name)
End If
FileWriter.Close ()
End Sub

Private Sub btnClear Click(ByVal sender As System.Object, ByVal e
As EventArgs) Handles btnClear.Click
Clear Fields()
List Clients()
End Sub
Private Sub txtAge TextChanged(ByVal sender As System.Object, ByVal
e As EventArgs) Handles txtAge.TextChanged
Invalid Value (sender)
End Sub
Private Sub txtRest TextChanged(ByVal sender As System.Object,
ByVal e As EventArgs)
Invalid Value (sender)
End Sub
Private Sub txtContact TextChanged(ByVal sender As System.Object,
ByVal e As EventArgs) Handles txtContact.TextChanged
Invalid Value (sender)
End Sub
Private Sub frmInfo FormClosing (ByVal sender As System.Object,
ByVal e As EventArgs) Handles MyBase.FormClosed
Clear Fields()
frmMain.Show ()
End Sub
Private Sub frmInfo Load(ByVal sender As System.Object, ByVal e As
EventArgs) Handles MyBase.Load
Clear Fields()
If Directory.Exists(ListPath) = False Then
Dim DirHandler As New DirectoryInfo (ListPath)
DirHandler.Create ()
End If
If File.Exists(ListPath & "\Index.end") = False Then
Dim FileCreator As New FileInfo (ListPath & "\Index.end")
FileCreator.Create ()
End If
End Sub
Private Sub btnSelect Click(ByVal sender As System.Object, ByVal e
As EventArgs) Handles btnSelect.Click
Check Name (cmbName.Text, txtName.Text)
If Client name = Nothing Or txtAge.Text = Nothing Or
(rdbMale.Checked = False And _
rdbFemale.Checked = False) Then
MessageBox.Show ("Do not leave required fields (*) blank",
"Client's Info", O,
MessageBoxIcon.Exclamation, 0, 0, False)
Exit Sub
End If
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If txtContact.TextLength <> 11 And txtContact.TextLength <> 7
And txtContact.TextLength <> 0 Then
MessageBox.Show ("Please follow the format of the contact
number as it will be used for verifications or inquiries",
"Client's Info", O,
MessageBoxIcon.Information, 0, 0, False)

txtContact.Text = "09273233227"
Exit Sub
End If
If Client name.ToString.Length < 9 Or InStr(Client name, ",",
CompareMethod.Text) = 0 Then

MessageBox.Show ("Please follow the given format for your
name and make sure it's valid", "Client's Info", _
0, MessageBoxIcon.Information, 0, 0, False)
txtName.Text = Nothing

cmbName.Text = Nothing
Exit Sub
End If
Dim FileWriter As StreamWriter
If File.Exists (ListPath & "\" & Client name & ".end") = True
Then
FileWriter = New StreamWriter (ListPath & "\Current.end",
False)

FileWriter.WriteLine (Client name)
FileWriter.WritelLine (txtAge.Text)
FileWriter.Close()
Clear Fields()
chkSelect.Checked = False
Me.Hide ()
frmEndurance.Show ()
Else
MessageBox.Show ("No such Client exists in our database",
"Selecting Client", 0,
MessageBoxIcon.Exclamation, 0, 0, False)
End If
End Sub
Private Sub chkSelect CheckedChanged(ByVal sender As System.Object,
ByVal e As EventArgs)
Handles chkSelect.CheckedChanged
cmbName.Visible = chkSelect.Checked
btnSelect.Enabled = chkSelect.Checked
btnDelete.Enabled chkSelect.Checked
If chkSelect.Checked = True Then
txtName.Visible = False
Clear Fields()
List Clients()
ElseIf chkSelect.Checked = False Then
txtName.Visible = True
Clear Fields()
End If
End Sub
Private Sub cmbName SelectedIndexChanged (ByVal sender As
System.Object, ByVal e As EventArgs)
Handles cmbName.SelectedIndexChanged
Dim FileReader As StreamReader
FileReader = New StreamReader (ListPath & "\" &
cmbName.SelectedItem.ToString & ".end")
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FileReader.ReadLine ()
txtAge.Text = FileReader.ReadLine ()
temp = FileReader.ReadLine ()

If temp = "n/a" Then
txtContact.Text = Nothing
Else
txtContact.Text = temp
End If
gender = FileReader.ReadLine ()
FileReader.Close ()

If gender = "Male" Then
rdbMale.Checked = True
ElseIf gender = "Female" Then

rdbFemale.Checked = True
End If
End Sub

Private Sub txtName TextChanged(ByVal sender As System.Object,
ByVal e As EventArgs) Handles txtName.TextChanged
If txtName.TextLength < 7 And txtName.TextLength > 0 Then
1blCheck.Text = Nothing

Exit Sub
ElseIf txtName.Text = Nothing Then
1blCheck.Text = "Please enter a name"
Exit Sub
End If
If File.Exists(ListPath & "\" & txtName.Text & ".end") = True
And
InStr (txtName.Text, ",", CompareMethod.Text) <> 0 And
InStr (txtName.Text, ".", CompareMethod.Text) = 0 Then

1blCheck.Text = "Name is not available"
ElseIf File.Exists(ListPath & "\" & txtName.Text & ".end") =
False And _
InStr (txtName.Text, ",", CompareMethod.Text) <> 0 And

InStr (txtName.Text, ".", CompareMethod.Text) = 0 Then

1blCheck.Text = "Name is available"

ElseIf InStr (txtName.Text, ".", CompareMethod.Text) <> 0 Then
1lblCheck.Text = "Period (.) 1s not needed"

ElseIf InStr (txtName.Text, ",", CompareMethod.Text) = 0 Then
1blCheck.Text = "Don't forget the comma (,)"

End If

End Sub

Private Sub btnDelete Click(ByVal sender As System.Object, ByVal e
As EventArgs) Handles btnDelete.Click
Check Name (cmbName.Text, txtName.Text)
If File.Exists(ListPath & "\" & Client name & ".end") = True
Then
Dim FileRemover As New FileInfo(ListPath & "\" &
Client name & ".end")
FileRemover.Delete ()
Dim x, y As Integer
Dim FileReader As StreamReader
FileReader = New StreamReader (ListPath & "\Index.end")
y =0
While Not FileReader.EndOfStream
FileReader.ReadLine ()
y += 1
End While
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FileReader.Close ()
FileRemover = New FileInfo (ListPath & "\Index.end")
FileRemover.Delete ()
Dim FileWriter As StreamWriter
FileWriter = New StreamWriter (ListPath & "\Index.end")
For x = 0 Toy -1
If cmbName.Items.Item(x) <> Nothing Then
If cmbName.Items.Item(x) <> Client name Then
FileWriter.WriteLine (cmbName.Items.Item(x))
End If
End If
Next x
FileWriter.Close()
If File.Exists (ListPath & "\Current.end") = True Then
FileReader = New StreamReader (ListPath &
"\Current.end")
temp = FileReader.ReadLine ()
FileReader.Close ()
If temp = Client name Then
FileRemover = New FileInfo(ListPath &
"\Current.end")
FileRemover.Delete ()
End If
End If
For x = 1 To 32767
If File.Exists(DataPath & "\Initial " & Client name & x
& ".end") = False Then
Exit For
ElseIf File.Exists (DataPath & "\Initial " & Client name
& X & ".end") = True Then
FileRemover = New FileInfo(DataPath & "\Initial " &
Client name & x & ".end")
FileRemover.Delete ()
End If
Next x
For x = 1 To 32767
If File.Exists(DataPath & "\Dayl " & Client name & x &
".end") = False Then

Exit For
End If
y =1
While y <> 32767
If File.Exists(DataPath & "\Day" & y & " " &
Client name & x & ".end") = False Then
Exit While
ElseIf File.Exists (DataPath & "\Day" & y & " " &
Client name & x & ".end") = True Then
FileRemover = New FileInfo(DataPath & "\Day" &
y & " " & Client name & x & ".end")
FileRemover.Delete ()
End If
y += 1
End While

Next x
MessageBox.Show ("Client and associated records have been
deleted", "Deleting Client", 0, _
MessageBoxIcon.Information, 0, 0, False)
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Else
MessageBox.Show ("No such Client exists in our database",
"Selecting Client", O,
MessageBoxIcon.Exclamation, 0, 0, False)
End If
End Sub
Private Sub btnBack Click(ByVal sender As System.Object, ByVal e As
EventArgs) Handles btnBack.Click
Me.Close ()
frmMain.Show ()
End Sub
End Class

Help Form

Public Class frmHelp
Private Sub btnBack Click(ByVal sender As System.Object, ByVal e As
EventArgs) Handles btnBack.Click
Me.Close()
End Sub
Private Sub Help FormClosing(ByVal sender As System.Object, ByVal e
As EventArgs) Handles MyBase.FormClosing
frmMain.Show ()
End Sub
End Class

SEAMs Form

Public Class frmSEAMs
Private Sub btnBack Click(ByVal sender As System.Object, ByVal e As
EventArgs)
Me.Close ()
End Sub
Private Sub frmSEAMs FormClosing(ByVal sender As System.Object,
ByVal e As EventArgs) Handles MyBase.FormClosing
frmMain.Show ()
End Sub
Private Sub btnBack Click 1(ByVal sender As System.Object, ByVal e
As EventArgs) Handles btnBack.Click
Me.Close ()
frmMain.Show ()
End Sub
End Class
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APPENDIX D

Data Sheet

78L05

7805
ADXL330
PIC16F877A
RT9163T
LO72CN
VDIP1

Zigbee Pro
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Product Datasheet

Features/Benefits

* ZigBee PRO Feature Set
* Adv d mesh networki

« ZigBee Certification coming
soon

* Low-power/low-cost XBee

Industrial tempera
(40" Cto 85° Q

-

* Over-the-air fiemware updates

XBee® & XBee-PRO® ZB
ighee Embodied T T —

A critical com to in Netwoi Xlec
and XBmPRg;‘enm cmmbrop RF modules
low-cost and low-power wireless end-point
connectivity using the ZigBee PRO Feature Set.

—2® &

Overview

XBee and XBee-PRO ZB are the most advanced ZigBee modules available m the XBee footprnt
and are ideal for deployment in ZaigBee networks. Available in the low-cost XBee or extended-
range XBee-PRO, and unilzing the ZigBee PRO Feature S, these embedded RF modules are

interoperable with ZigBee PRO Feature Sct devices from other vendors. With advanced mesh

networking functionality, XBee and XBee-PRO ZB modules improve data traffic management,
allow for greater node densaty, and provide OEMs with the ability to change firmware remotely
with over-the-air updates.

XBee Protocols

XBee embedded modules are avadlable with different protocols to suit a vanety of applications
and networking topologies. Supported protocols include IEEE 802.15.4, the ZagBee PRO
Featurc Set, propactary long range, and DigtMesh™. XBee embedded RF modules share a
common hardware footprint and are modcled after a common software APl Once deployed into
an apphcation, OEMs can rapidly change from one protocol to another with minimal time and
development nsk.

Drop-ia Networking Compatibility

XBee embedded RF modukes are compatible with Digi's Drop-in Networking adapters, network
extenders and gateways that use the same protocol. This allows OEMs to embed XBee solutions
into an applicanon and have scamless communscation to other devices using USB, RS-232,
RS-485, digital VO, analog 100, Ethernet, Wi-Fi and and even cellular connections with
plug-and-play case.
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RF Dats Rate 250 g 250 s

Iadoce/Urbes Range 13I8 (0.) 300 & (90 =)

Outdocr/RF Line-of-Sight Range ANA (0= 1 mi (16 k)

Transmét Power 125wl (o] dBm) /2 oW (+3 dEm) docut mode 50wl (+17 diim) / 141 10 oW (+10 dim)
Recebver Sensithvity (1'% PER) 06 dBm in bocst mede 102 dim
CIESSSSSSSSSS—S—__—_—S————————
Serial Data lnterface 13V 005 LART 13V (0S5 LART
Configuration Method A7 o AT commands, local or over-the-air AP o AT commands, local or over-the-air
Frequeacy Baad TA G 24 Gz

Interference lmmunity US55 (Dioect Sequence Spewad Spectrem) DSSS (Owect Sequence Sprmad Spectmm)
Serial Data Rate 1200 bps - 1 Mbgs 1700 bps - 1 Mbps:

AL Inpets (£) 20-5% ADC inpets (4) 1057t ADC inputs

Digital 10 10 0

Antenna Options Ohip, Wire Whip, LI RPSMA Dhip, Wi Whip, ULFL RPSMA
Encryption 128-5ik ALS 1285t AES

Reliable Packet Delivery Retres /Ao newledgments Retries /Acknowledgme sts

105 and (hamaels PAN 10, 64-bt TEEE MAL 16 channels PAN D, 64-tit IEEE MAC, 13 channels
(Pt |
Sopply Veltage 21-3160C 3.0 - 34v¢

Transmit (arvent 35 mA /45 mA boost mode @ 1.IVIXC MA@ 1V

Receive Cwment 38 mA /40 mA boost mode @ 3.3VIC 45 mA @ 2V
Power-Down Current duA@c @2 C

FOC (Us4) Yos

IC (Canada) Yes

TS (Curope)

CTIOX (Austratia)

Telec (Japas)

Tqflen - Bed

Please visit www.digi.com for part numbers.

DIGI SERVICE AND SUPPORT - you an

purCchase wWith
10 SUPPONT YOu WIT £2ert teChakal SUPPOM ANd 3 ONE-yRar WarTanty.

confidence Knowing that Digl is here
WWW.OGLCoVSEpPOnt

® é . a =2 SRR . = MATTERS =
Inter ] In 2?:--— International
11001 Boeo R200 §. france Limited Digh International, te aces I ONIC MEWSEG 10r Desdness, VIS ftibe
Minetonka, NN 55340 31 rue et Polmonndens NS Bulcing Sout B Sate 170385, 17 PRAXTS 304 ICHnOnges 12 CNDICE G SACURY MANIgR 10CH OF Fmete Mectuaic
UsA 52200 Nesdlly st Some 2214 SMUEIGOI DO, Wah Cestre GviCEs, Over e DMCAECE 0 V2 e WD WD over 29 Tion PO SPpes woromar
R E714123404 P +3315561 585 w 19t ) Road nce 1965, DIgf ofters the highest levels of periormance, Sexilty 3¢ ualty.
29123404 I «1315561589 Tyo 1500031, bpan Norm foket, Heng ag i e
X %2912498 w3 M 81254280261 PR 485225330008 www.digi.com
ok ooy on X oB1 35080262 P 1852 2572598
Mrvn:-'-e wov MM—M‘:;! mz:’NMnM 91001471 ‘. L1
wwdwwu %h\ﬁu wwmw o odkmarks 9% e propesy of e Al/608
TSNS TeTars

VWInN
RELIABILITY,
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xATEA00 SERIES
POSITIVE-VOLTAGE REGULATORE

3LV - FANTTARY 1976 - REVIZED JULY 1559

3-Terminal Regulators D PACKAGE
{TOP VIEW)

Output Current up to 100 mA.
No External Components

Internal Thermal-Overload Protection OUTEUT | mpUT
Internal Short-Circuit Current Limiting COMMON [, [] COMDON
Direct Replacements for Fairchild = ATEAQ] COMMON o COLIVON
Series NC I

LR 5L 5% K X 3]

NC - Mo intema] connection

description
LFPACKAGE
This serizs of fixad-voltass intzerated-circnit (TOF VIEW)
voltags ragulators is desisned fora wids rangs of
applications. Thesz applications includs on-card INPUT
ragulation for slimination of noisz and distribution
problams associated with single-point regulation. COMMON
In addition, thay can be used with powar-pass
- OUTPUT
zlemeants to make high-currant voltass regulators.
Ome of these regulators can deliver up to 100 maA,
of output current. Tha internal limiting and TO-216A4
tharmal-shutdown features of thasz rasulators
maksz them 2ssentially immuns to overload. Whan FE PACKACE
used a5 a replacement for a gener diode-resistor {TOF VIEW)
combination, an affective improvement in cutput
impadancs can ba obtainad, topathar with lowar ] mPUT
bias currant. )
|1 conmion
The s ATENDDX series is characterized for :l
oparation over the virtual junction temparaturs OUTFUT
rangz of 0°C to 125°C.
AVAILABLE OFTIONS
PACKAGED DEVICES
I SMALL OUTLINE FLASTIC CYLINDRICAL S0T-39 CHIFP
o | ﬁﬂu} o i8] {FK) FORM
OUTFUT VOLTAGE TOLERANCE ®
L 10%0 L 1080 L 10%n
285 cATEAIZANA - A TEADZAICATT A TEADZICATT A TENDZANITE. AT N2 NITR A TENDDE
5 wATEAISANA A TEADSNA A TEADIANATT wATEADINAIT wATENDSANITE. A TENDSNITE A TENDTE
52 cATEAISATA cATsADexa | cATEADSAWATL | oA7SAO6KATT | ocA75A06AXTIE | ocA7TSMSKTIE | «A7SA06®
- 8 cATEADSATA cA7sA0sxa | cATEADSANATL | oA7SAOSHATT | ocA75A08ANTIE | ocA7SAOSKTIE | wcA7SAOS®
i e ] ATEMOSAXA | Laqsapencs | ATEADSANAIT | wA7SAOSKATT | wATEADSANIE | wATEADSNIIE | scATEAOSE
i 10 acATEAIDATNA - acATEAIDATTATT acATEAIOICATT acATENIOANTTE acATENIONTITE acATEALDE
1;: acATEAIZANA cATIATHA acATEAIZATINTT acATEAIZIATT acATENIZANTTE acATSN I NITE acATEALTF
13 ATEMSAYA | ammnnsws | GATEALTANAT | wcA7SALSHATT | wcATEALSANIE | wcATEALSNIE | scATEALTE

It and LP packasss are available tzped and resled Add the suffix Foto the device type (2 2. ccA TEADFANAP). The PE packasze is only available
tzpad and rezled {22, ccATEAOZANTIIE,. Chip fosms arz tested 2t TA = 2350

Please be ware that an impontant notice conceming availability, standard wasmanty, and use in
Texas Instruments semiconductor pradocts and disclzimers thersto appears at the end of this data 5

applications of

FRODUCTION DATA Inbemation s cament s of publostion debe Cogyign v 1995, Texas Ionramean Incorporaied

Froduchs candam fo speclicaions per e bems o Tees insmren

=
shandiam wamanky. Froedo processing dioes notresess il Rdude
b=sting of &l pammEte

FOST OFFICE BON €553 — DALLAS, TEAS 723 1
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«AT8A00 SERIES
POSITIVE-VOLTAGE REGULATORS

SLVS0I0T - FANTTARY 1976 —- REVISED FULY 1595

schematic

8 @ » INFUT
gzn s} (:'_1

OUTFUT
150 ta 140
g 1440
COMMON

NOTE: Resistor values shown afe nominal
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AT8A00 SERIES

POSITIVE-VOLTAGE REGULATORS

SLVI0I0T - FANTTARY 1976 - REVISED JULY 1999

electricalcharacteristics at specified virtual junction temperature, VI=9 V,I0 =40 A, TT=25%C

(unless otherwise noted)
xcATINITE
PARAMETER TEST CONDITIONS+ UNIT
MIN TYP MAX
COutput valtass 146 W
) VI=4.75Vio 20V 20 .
Input voltzze reznlation VI—S w020 % 16 o
Ripple rejection VI=6Vio 20V, f=120 Hz 51 dB
TO= T o510 100 m -
QOutput valtass ragnlation oV
I0=1qa 020 @A f
Jutput noiss valizss 1= IRz IR 30 ]
Dropaut valtaz 17 ki
Bizs cugrent 36 ity
7 Pulse-testing techniques mainein T7 a3 close to TA 23 possible. Thermal effects must be taken inta accountseparately. All characteristics ane
messnred with 20 33-uF capacitor aoross the input and a 0.1-uF capacitor across the ontpuot
electricalcharacteristics at specified virtual junction temperature, VI=10V,I0 =40 m A, TJ= 25°C
(unless otherwise noted)
xcATINDSE
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX
COutput valtage 5 W
VI=TVio 20V 32
Input valtas= r=snlation T ” mV
Ripple rejection VI=EVi 1BV, f=120 Hz 41 dB
TO= T o510 100 o "
‘Output voltaze raenlation = mW
I0=1ma w4l @A B
CJutput noiss valizss TV RS 42 5
Dropaut valtazs 17 ki
Bizs cugrent 3B WA
7 Palse-testing techniques mainein T7 a3 close to TA 23 possible. Thermal effects must be taken inta accountseparately. All characteristics ane
messnred with 20 33-uF capacitor aoross the input and a 0.1-uF capacitor across the ontpuot
electricalcharacteristics at specified virtual junction temperature, VI=12V, I0 =40 A, TJ= 25°C
(unless otherwise noted)
A TINDGE
PARAMETER TEST CONDITIONS? UNIT
MIN TYP MAX
CJutput valtazs 62 W
VI=E5Vio 20V 33
Input valtass rzsnlation ISV T - oV
Ripple rejection VI=10Vta 20V, f=120 Hz 48 dB
TO= 1 g5 0 100 ma 1
‘Output voltaze raenlation mW
I0=1ma w4l @A 2
CJutput noiss valizss 1= IR IR 14 5
Dropaut valtas 17 ki
Bizs cugrent g WA

7 Pulse-testing techniques mainein T7 a3 close to TA 23 possible. Thermal effects must be taken inta accountseparately. All characteristics ane
messnred with 20 33-uF capacitor aoross the input and a 0.1-uF capacitor across the ontpuot

#&I‘FMMEN’I‘S

FOST OFFICE BOE55303 — Dallas TELAS 725
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28/40/44-Pin Enhanced Flash Microcontrollers

Devices Included in this Data Sheet:

+FICI6FE73A +FIC16FET76A
«PICI6FET74A «PIC16FETTA
High-Performance RISC CPTU:

« Omlw 35 single-word instmctions to learn

+ All singla-cvels instructions except forprogram
branghas. which aretwo-crds

* Operating speed: DC — 20 MHzclock input

DC—-200ns imnstruction evela

+ Up to 8K x 14 words of Flash Program hsmony,
Up to 368 x 8 bvtes of Data Mam crw (RAM),
Up to 236 x 8 bvtes of EEPROM Data Mamorv

* Pinout compatiblato other 28-pin or 40/44-pin
FIC16CEEK and PICL 6FFXK microcontrollars

Peripheral Features:

+ Timnar{: §-bit timar/coimter with 8-bit prasealer

+ Timearl: 16-bit timar'counter with pEscalar.
can be incramented during Sleep via sxtarnal

+» Tiner2: B-bit timer/cowumter with 8-bit pariod
rzgistes. prascalerandpostsealar

+ Two Capturs, Compars, FWA modulas
- Capture is 16-bit, max rasplutionis 12.5ns
- Compars is 16-bit, max. ragolutignis 200 ns
-FWhImax. rasplutipnis 10-bit

+ Synehronous Sarial Post (S5F) with SPIT™
(MMastar moda)and I2CT(Mastar'Slava)

+ Univearsal Synehronous Aswnchronous Racaiver
Transmittar (TSART/SCT) writh 9-bit address

+ Parallal Slave Port (PSP) — B bits wida writh
axternal RD, WE and CS controls (40/44-pin only)

+ Brovwm-out dataction circnitry for
Brown-out Basst (BOR)

Program Memory MISSF

Diata

ETS

Analog Features:

+ 10-bit, up to 8-channal Anslos-to-Digital
Conveartar (AT))
* Brown-out Basst (BOE)
+ Analog Comparatormo dula with:
- Twro anslogcomparators
- Programmablz on-chip voltage referance
(VEEF) moduls
- Programmablz input multiplexine from device
inputs and intemal voltags rafarence
- Comparstor outputs arsextemally aceassibla

Special Microcontroller Features:

+ 100,000 erasaorits evele Enhanead Flash
DroEram memory typical

+ 1,000,000 arasa/write evels Data EFFROL
mamery typical

+ Diata EEPROM Eatantion = 40 vaars

+ 3alf-reproprammabla undar sofferare control

+ In-Circuit Sarial Progmmming™ (JCSPTAM)
vigtwo pins

+ 3ingle-supply 3V In-Circuit Serial Programming

+ Watchdog Tirner (WDT ) writh its own onchip KC
n5eillator forrelisbls opemtion

* Programmablz cods protaction

* Power saving Sleep mods

+ Salactabla oscillater options

+ In-Circuit Debug (ICD) viatwo pins

CMOS Technology:
* Low-power, high-spaed FlashEEPROM

+ Fully static design

+ Wids operating voltass rangs (2.0V to 3.3V

+ Commercial and Industrial tempemturaranges
* L ow-powsar consumption

2 Single Word SEAM (Bytes) I'O A'D (ch) (FWAALaster USART 8/16-bit Comparators

Device EEPROM10-bitC CPTim
Bates SR natrnctions. (Bytesila 0
PICI6FET3A  TIK 4095 192
PICI6FET4A  TIK 4095 192
PIC16F876A 143K §192 368
PIC16F277A 143K g192 368

128
128
256

256

A7
33
a7

i3

p Yes Yes Yes 21
p = = = 21
p = (&5 (&5 21
p = = = 21

D5385828paz 1
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PIC16F87XA

PinDiagrams

18-Pin PDIP, 50IC,550P

MCLEVES —= [ ~ z[] == zmimen
RANAND -2 1; [[] == EBSPGC
RALAN] — 12 2z w—s FE
RALANIVRE-CVREF 0 4 = RE4
RAVANIVREF+ -] s PICI16FET® ] =+ 3=iscum
RA4TOCKICIOUT -—e]5 ABT6s S - =
RATAN4SICIOUT —e[]7 - L A
Vas__ 3 21 REMVINT
©SCICLED — s ] === von
CECLTLED w ] 18] e vaz
RONTICSOTICKT 11 15 o RCTREDT
ECUTIOSLCCPL Fl“f 17:‘ RLETHECE
RCIOCPI —Ln 161 =— ovano
RC3ECH B0 e ] 14 13]7] === RC4EDIEDA
- | | [] ==

RALANIRAQANIMCLEVFFRET P
. =
28 -Pin QFN GLRESPECREIREA

|
SRREER

(Pl
RALANIVRE-CVRE == 01
RAANIVREF+ -
Ra+TOCEICICUT 3
BAAN4 SICICUT - i 5 PICIGFETIA
P ~ .4 PICIEFETA
CSCICLED —h
-—

21011121304

[ I [ I [ I ]
L L L
ROOTICE0 TICEIRCL TICELOCP

IRCICCPIRCYSCIUSTLRCH SDL

ROST.CERCSEDORC SDLEDARDI P AARCS ATORCETECE

44-Pin QFN FDOPEPIRD 1 PEPIRDO PEPIRCIECH SCLE
CHOCPIRCLTICALCCRIRON TIOS TICKT

TERTRTALE

—r———— ————
44434741
BCTREDT — ] OSCITLED
[ — OSCI/CLET
RDSPEPS e Ei -— Vs
FDETES e g4 WY - Vs
RDTRERT 3 % VoD
; -
vis g £ PICI6FST4A 37— Voo
VoD 7 7 2OEANT
Ve —=j.  PICIEFSTIA M) . SRR
BEAINT —= % 3t | ==+ REORD/ANS
RE1 - J10 24 | === RASANSESCIOUT
REI — ) 23 | s RASTOCEITIOUT
- -—
I1415161T1819202 12
e o e
SRR RRRE
L T
RE3PCMNCREARESRESPGCRET PGDMCL
REVPRRAMAN IAWIRAT AWIVRES-
D3393582B-paz= 1 LA003 Mirsasrhin Terbmalogy Ing.
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PIC16F87XA

Pin Diagrams (Continued)
40-Pin PDIP
MCLRVIF — 11 : 40 [] e RETEGD
RADAND -—[]2 39 [] =—» BESEGC
RALANI 3 i RES
razavaer-oveer O3 TH=
RATANIVEEF+ === 15 [J=—= gzipam
RAYTOCHICIOUT  w—ae [ 6 FLY Rp—
B g = 2P = I
Mivmaws  ==—=0:  PICIGF§T—= 1on
REICEANT — 1 ABTTA [ - iz
Voo T —— 30 [ - RDTEET
Vg nu 2R RD6DEms
OBCLCLET 4B ) =
CSCICLED —=s 77 [1 =—= RD47em4
RECOTIOEOTICKI — o [] 15 26 | ] *—u FCTREDT
Smem . —Op wHT" e
BCEECRECL 0O 23 =" Rosanimna RADANIVRZFSRALANIVRER
Sim  --O0p  zpo- b Srmmsaeme
RD1REm] —™ 21 [] w—s ROZEER
-] [ +—e
== ] -—
-] [] +—e
P1EEL L
H L L
44-Pin PLCCT i Vo T o
EHITIH4I424140 .
RA4TOCKLCIOUT - p W[ gripow
mm-tﬂﬁ:mgm —; 15[ e 7E
BEQZT AL - Lla 37[]=—= RSBl
g“{s'lmm_r ~+=Hun 3§[] == REOINT
. : f _
vIo ==UOu  prcleFsma  JHIT— 7@
: —= ] 12 -—
vss —TH% PICI6FBTIA  n(a e sovew
éﬁgﬁ —.-E 1 32[] a—s RDEPS
ROOTICSOTICK] -—0au 3 0=—e EDITEDS
s e 15 0[] = FI4PEM
O *Q RCTRELT
15190 12342262 728
RD2.PEP 3D FPIRDO IOR G SCR LR T T T
- 'y
CIOCPIRCLTICSLOCRING I IIIIIiII
L]
RO TIOS CCRRCIOCPIRC ACH/SCL
FD0PEMIRD] PERIRD PERIRDE PERSRC
4301 EDARCS SDORCETE CENC
L
44-Pin TQFP v ‘% 4
HHHRHRAHHAE
O 1403383 TIE 4
roTExDT 33 I HC
RC4Pm4  =—e 0O 2 32 I =—= ROOTIOSOTICKT
sPEps e I3 31 [0 —= OSCICLED
FDSPERS == LT 4 30 Y -— E_@c:-:u:[
RO — 29 - s
v S 5 PIC16FET4A 1 von
= —=TT S e— - -
VoD — PIC16FETTA I BRELCEANT
REOINT 5 3 26 =" prWRaANs
REl ==y 25 Y=+ EEQRDANT
REL =—=L 10 1400 == RaATAN4SICIOUT
REIDEM  ~—e I 1 1[I =—= Ra+TOCEICIOUT
—= T ) et
12131415161 71819002122
GliELELELLLL
L uu il L |
SRSRREY
'
WOHCREARESRES PECRET BEDMOLE VIR
RADANIRALARIRATANIVREF-
CVREFRASANVREF+
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PIC16F87XA

FICURE 1-1: PIC1AFETIABTEA BLOCK DIAGRAM
13 DCata Fias 3 BORTA
T e -
Flash 4% l RALAN]
ok RATANIVREF-CVREF
wl!:glm . . RATANIVRE+
h T Lavel Sk FRad TOCELCICOUT
(135 RASAN4S3CIOUT
Program.
s 4 A RAMagn  1f o
k¥4 :
. A MUK
[—, lomrwcion g A s
- 1 Tndirect DCRTE
1 ] 5 o REAINT
- RE]
- =
REIPGM
ST S st
s o Sammegg O o o
it - +—=|¥] RESBGC
7 -]_a L RETRGED
r 3){"
Po:v.'\e-.r-'up
hvi Timnar .-ll. l
= o e | N
Compal Bormres-on
Tazat ) & 1\_} PCRIC
| Tming Waxhdog . ROOTIOSTICKD
= i [ | Tames I Wems ] RCLTICELO0R:
cLEI Berorero-omt J RCIOCP
%{!{Iﬂ Rezat RCIECHECL
e — RC4EDTEDA
Detozger RCNEDO
ROETHCE
Lom-Volags RCTRXDT
Programming
MCLE Wnn, Vii
Timesl \ [ Timer] ‘ ‘ Timesl \ ‘ 13-t AT ‘
I s N £
| | ;
IF . - -
J I I I [ L
¥ ¥, ¥ W 1:_.-' ¥,
Vatage
Dai EEPROM l oo l ‘ Mﬁw TSART Comparator Rafasence
Dhevice Pregram Flazh Data Memary Data FEFROM
FICISFETIA 4E wonds 152 Bres 125 Byses
FICISFETEA K woeds 355 Bryes 256 Byses

Nete 1: Higher orders bis ane fom the Sanms regines.
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PIC16F87XA

FIGURE 1-1: PIC16FET4A/BTTABLOCK DIAGRAM
e . Dz B N BORTA
i | RAnAND
Flash | RalANI
Beogram | RALANLVREF-CVREF
Mamory + RATANIVREF+
- y BA4TOCELCICUT
| RATAN4SICIOUT
Program
oE # o
¥4 EBOINT
= EE]
[—,I““‘ REI
RE3PEM
RE4
RE
REABGT
RETEGD
3
-
ROOTIOS0TICKT
| ECLTICELCCRI
| | RCLOCM
. AV \ RCHECHECL
| Imsmcsion RC4EDLEDA
S y ECSADO
= | RcsTRCE

| BCTRETDT

By Tmm  |eonf | Waxaiog

| Generasion - Timer
CACITLED —_— Browarom RTamED
OSCICLED Rezmt 01pEm
. RDLPEP2
In-Carcoit RDABERS
| Debogger | RO4 P4
Loe-Veoktage RDS/PEPS
Programeming RD6PEPS
RDT/PEPT
|1
MCIR Voo Vis e[| REORDANE
Tt =[] FEIWRANS
=[] RELCSANT
y . Pasaflel
Times Timerl Times? It AD Have Bt
I§ -['ﬂ} fﬁﬁ . ) 7, ) [
| ] | |
57 A\ ¥ ¥4 N hYa
Syochooooss Vakage
Dam FEPROM OCPLE Seriad Pt USART Comparate Reference
Device Presram Flazh | Data Memery Draia EEFROM
PICISFET4A 4K =mords | 152 Brex 115 Briex
PICI6FETTA SE wonds 348 Brex 156 Brmes
Note 1: Higher crdar bt are fiom the Statos regicier.
L2093 Misrashin. Tarhnalozy Ins. D330582B-pags 7
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PIC16F87XA

TABLE 1-21: PICIAFETIABTSAPINOUT DESCRIPTION
] FDIF, 50IC, 13 L'O/P Buffer -
Fin Name STOP Pins ]?mﬁ Type Type Description
05C1/CLET g L] STVCMO Sy Oscillator arystal of extemal clock input.
Q31 1 Qiscillator crystzl inputor extemal clocksonscs input 5T
buffer ohen confiznrsd in B mods; otherorize CAIOE.
Extemal clock source input. Always associted with pin
CLEI I fonction O5C1 {see ORC1CLEL OSC2/CLEQ pins).
Q3C2/CLED 10 7 — Qscillator orystal or clock ouipu
Q322 a Oscillator crvstzl output Connects to orystzl of fes0nstar
in Crystal Oscillator mods.
CLEQ o In RBC mads, O3C2 pin outputs CLEQ, which has 1/4 the
frequency of 03C1 and denates the instroction cycle rate.
MCLR Ve 1 26 5T Mlzster Clear (input) o prosrameandn s valtass {putpot).
MCLE I Master Clear (Feset) input. This pin is an active low Resat
to the device. )
_— " Programaming valtagz input.
PORTA is 2 bidirsctionz] I'0 port.
RAQNAND 2 7 TIL
RAQ i) Drigital IO
AN I Anzloginput 0.
RALAN] 3 i ] TIL
RaAl s} Drigital 1D
ANL I Anzloginput 1.
AN AN ViEr- kS 1 TIL
CWrEr o Diisital 'O
RA2 1 Anzloginput2.
AN2 1 AT reference valtags (Low) input.
Vazr- Q Comparztor VREF output.
CVREF
BAIANI Vaer+ 3 1 TIL
RAS s} Drigital 1D
AN3 1 Anzloginput 3.
VREr+ I AT referenca voltzse (High) input
RALTOCELC10UT L] 3 5T
RA4 a Diigital I'0 - Open-drzin when confisured 35 oumput
TOCEI I Timern] extemal clock input.
C10UT Q Comparator 1 output.
RAS/AN4/SS/CI0TT 7 4 TIL
RAS s} Drigital I'Q.
AN4 I Anzloginput 4.
g I SPIilave select inga,
C20UT Q Comparztor 2 outpur.

Legend:  I=ingufl=ompwlO =inpurgmpmy=powss
—=Natgszd Il = TIL inpptaT = Schmitt Trizzsr input
This bufferis 2 Schapitt Trigesr input when confiznred a5 the extemal intzrmpt

Nu;e.l: This bufferis 2 Schmitt Trizzsr input when usad in Serial Programming mods.
3: This boffer is 2 Schamditt Trigess input when confiznsed in BC Oscillator mads and 2 CMOS inpuot atherwrise.
D339582B-paz= § [ 2043 Micrachip Technology Inc.
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PIC16F87XA

TABLE 1-1: PICISFETIABTAAPINOUT DESCRIPTION (CONTINUELD)
PinMName %1;’ PJSOniC ? Eﬂ IT,'_F'I 0_-1: anﬂerl Description
PORTE is 2 bidirsctionz] I'0 port. PORTE czn be softwrars
poogramared for intemal wezk poll-ups on 2l inpots
BBO/INT 11 18 TIL/STay
RED ] Digital I'D
INT 1 Extemal interupt
REl 22 12 o TIL Dzl 'O
RB2 23 20 o TIL Dzl 'O
RBE3/PGM 14 11 TIL
RE3 o Dzl 'O
BGM 1 Low-valtage (single-supply) ICEP prosramming enshle pin
RB4 15 12 i) TIL Drigital 'O
EB3 16 13 i) TIL Digital I'D
RB46/PGC 27 24 TIL/STeay
REd ] Digital I'D
BGED 1 In-circuit debuzzer and ICEP programming clack
RE7/PGD 28 25 TIL/5Tay
EB7 o Dhgital I'0
BGD o In-cirouit debugesr and ICSP programeming data
PORTC is a bidirectional I'0 pont
RONTIOROTICET 11 B T
RO o Dhgital I'0
T1030 Q Timerl gscillator ontput
TICEI I Timer] extermal clack input
RCL/TIOSLOCE? 12 2 T
RCl La Drigital 0
TI103I I Timerl gscillator input
QCP2 ] Capmure? input, Compars? gurput, PWAL onmpat
RCCCPL 13 10 5T
RC2 o Digil I'0
CZRl o Czpturz] input, Compars] output, PWALL ouput
RC3/BCE/SCL 14 11 5T
RS o DigilI'0
SCE o Synchronous serizl clock imputowpw for 3Pl mode
SCL o Synchronous serizl clock inputowput for L mods
RZ4SDIEDA 15 12 5T
R4 o Digitzl 'O
5DI 1 EPldatzin
sha 1o L2 data 1D
RC5/5D0 15 13 5T
RCS o DHgital I'0
SD0 0 SPI datz out
RCSTE/CK 17 14 5T
RCA i) Digital I'D
I Q USART asynchronons tramsamit
CE o UZARTI synchronous clock
RCTREDT 18 15 5T
RCT ] Digital I'D
BX 1 USART asynchronaus racsiva
DT o USART synchronous data
Wiz 8,12 5.8 o — Cround reference forlogic and I'0 pins
Voo 20 17 B — Positive supplyfor logic and 10 pins
Lezend: I[=inawd = gpuipntl O = input gupmP = power
—=NotgsedTEL. = TIL inppii] = Schmdirt Trigess input
Notel: This buffer is a Schmitt Trigesr input when confiznred zs the sxtemal intsrmpt
'uz_ . This buffer is a Schamdtt Trigess inpnt when nsed in Serizl Programiminsmads
3j This buffer is a Schmitt Trizesr input when confiznrsd in BC Oscillator mode and 3 CAMOS input atherwiss
[ 2003 Micrachip Technalogy Inc [1230582B-paz=?
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TABLE 1-3: PIC16FE74 A/BTTA PINOUT DESCRIPTION
) FDIF | FLCC TQFF QFN I'QVF Bauffer -
Pin Name Bin# | Pin Bigs Bin= Trpe Type Description
Q8C1CLEL 13 14 30 32 STVCNOSq) Ofcillator crystal af extemal clock inpur.
Q521 1 Qcillgtar crystzl inputar sxtemal clocksonncs
input. BT buffer when confignred in RC mods;
atherfize CMOE
Extemgl] clock sousce input. Alwaysassociztad
CLEI 1 with pfn function 03C1 (522 O3C1/CLEL
Q3C2CLEQ pins)
Q3C2CLED 14 15 31 33 — Qscillatar orystal of clock ompur.
Q522 Q Qscillator orystzl sutput
Connects to crystal of sssonator in Crystal
Oscillator mode.
In BT made, O5C2 pin outputs CLEQ, which
CLED Q has 1/4 the frequency of 03C] znd denates the
instruction cycle fate.
MCLEWir 1 2 18 18 5T Mzster Claar (input) of programming valtass (ontput).
MCLE 1 Mlzster Clezr (Fuzset) input This pin is an active
law Reset to the device.
. Pyogrameming voltaz= input
Vrr P
PORTA is 2 bidirectional I'0 past.
BAQNAND 2 3 12 12 TIL
RAQ 0 Digiral I'0.
AND I Anzlozinput §.
RAL/AN1 3 4 el el TIL
RAl 0 Digital I'0.
ANI I Anzlozinput 1.
RAY AN Vasr-CVasr 4 3 21 21 TIL
Eal 0 Digital 0.
ANI I Anzlazinput2.
‘-‘1‘:5" I AT reference voltags (Low) input.
CWVaer Q Comparator VREF autput.
RAIANI Vass+ 5 4§ e e TIL
RA3 0 Digital I'D.
;ENB I Amzloginput 3.
WEr+ 1 A/D refarence voltags {High) input.
RA4TICELC10UT b 7 23 23 5T
a4 10 Ttigitzl I'0 — Opan-drzin when confignred 2s
autput.
TOCEI I Timer] external clock input.
C10UT a Comparator 1 ontput.
RAS/AN4/SSC20UT 7 5 | 24 | TIL
RAZ 0 Digital I'D.
AMN4 I Anzloginput 4.
EE— I 3P slave selact input.
C1OUT 0 Comparator 2 owtput.
Legend: I=inpwrd =oppuil'0 = inputgupmP = pawer

—=Naot g3sdTTL. = TIL inpwisT.= Schmitt Trigssr input

This buffer is 2 Schmitt Trigzsr input when confiznred zs the sxtemal intermpt

NH;I: This buffer is 2 Schmitt Trigzsr input when nsad in Serizl Programamins mods.
3j This buffer is 2 Schmitt Trigzsr input when confiznrsd in BC Oscillator mode and 2 A0S input otherwise.
DE32582Bpaz= 10 [ 2003 Micrachip Technology Inc.
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TABLE 1-3: PIC16FET4 A/BTTAPINOUT DESCRIPTION (CONTINUED)
. FDIF | FLCC TQFF QFN L'O/F Buffer _—
Pin Name Pins Pins Bine Pips Type Type Description
PORTE is a bidirectional I'0 port. PORTE can be
saftwars programmed for intemal wezk poll-up on all
inputs
RENVINT 33 36 g g TILETm
RE Lo Digiral I'O
INT I Extemal intermpt
FBl 34 37 2 10 o TIL Digital I'D
RB2 35 3B 10 11 I'a TIL Digital I'D
EE3/PGM kL] g 11 12 TIL
RB3 o Digital I'Q
PGM I Law-valtage ICEP progamming snzhls pin
FB4 37 41 14 14 o TIL Digital I'D
RE5 3B 42 15 15 o TIL Digital I'Q
RESPGC EL £3 14 15 TIL /5T
R-Ei o Digital I'D
BGC I Im-cifonit d=buzzss znd ICEP pro srememins clock
RET/BGD 20 22 17 17 TIL/5Tay
BT ro Digitzl 'O
BGD o In-ciscuit d=bugesr and ICSP programming datz
Lezend:  I=ingpif)=ougnil 0 = inputgummB=power

—=HotgaedTTL. = TTL inppt3T, = Schmitt Triz=sr input

This boffer is 2 Schmitt Trigesr input when confignsed 25 the sxtemas] intermpt

Nruzhe.l: This boffer is 3 Schmitt Trigesr inpnt when nsed in 32rizl Prosremming mads
.!: This buffer is 2 Schmitt Trigesr input when confizured in BT Oscillator mods and 2 CAOS inpot otherwiss
L2003 Misrashin Terhnalosy s D330582Bpas= 11
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TAEBLE 1-3: PICLI6FET4ABTTAPINOUT DESCRIPTION (CONTINUED)
) FDIF | FLCC TIQFP N | LOP Buffer -
Pin Name Fin# | Pip# Pim? gnﬂ Type Tvpe Description
PORTD is 2 bidirectional I'0 post or Pagzllel Slave
Port when interfacing ta 2 microprocessor bus
RD{PSRD 19 21 38 38 STTILa
RDY 0 Digital I'0
FEPD 0 Parallsl Slave Post data
EDN/BSPL 20 22 32 32 STTILay
ED1 0 Dgital I'0
PSPl jils ] Parallsl Slave Dot data
RD2/PER2 21 23 40 40 STTILa
RDZ o Digital I'O
Pir2 0 Parallsl Slave Post data
RD3 B3RS 22 24 41 41 STTILay
RD3 I Digital I'0
PSP3 0 Parallsl Slave Past data
RD4/PaP4 27 30 2 2 STTILa
FD+4 0 Digital I'0
PP 0 Parllsl Slave Post data
RD5/PSES 18 31 3 3 ST T
BD3 o Digital I'D
PSPBS 0 Parllsl Slave Post data
R/ PEPS 29 ] 4 4 STTLe
RD4 0 Digital I'0
PEPS 0 Parllsl Slave Post data
ED7/PSET 30 33 5 5 STTLa
EDT 0 Digital I'0
FERT 0 Parallsl Slave Post data
PORIE is a bidirectional I'0 pant
REORIDVANS ] 2 25 25 ST T
RED o Digital I'0
RO I Rzad contral for Parallel Slave Past
ANS I Anzloginput 5
REL/WR/ANE g 10 26 26 STTTLay
REl 0 Digital I'0
WK 1 Writs control for Paralle] Slave Pont
ANE 1 Anzloginput §
RE2/CSANT 10 11 27 27 STTILa
RE2 0 Digital I'0
s 1 Chip selact control for Parallel Slave Post
ANT 1 Anzloginput 7
Waz 12,31 15,34 4,22 &, 30, B —_ Ground referencs for logic and IO pins
31
Voo 11,32 1R.35 1.28 7.8, B — Pasitive supplyfor lagic and I'0 pins
28,20
NC — 1,17,1415, 13 — — Thes= pins 262 not intemally connected These pins
28,40 35,34 shonld be left unconnectad

Legend: I=inpprQ = oppuil O = inputgupwP = pawer
—=Not gaed TIL. = TIL ipppis] = Schmint Trigesr input
This boffes is 3 Schemitt Trigess input when confignred zs the extemal intermpt

"“2"? L. This buffer is a Schmitt Trizser input when used iu Serial Pro gramming moda
3: This buffer is 2 Schmitt Trizzer input when confiznred in RC Oscillator mode and 2 CAMOS input otherwise
[ 2003 Micrachip Tachnology Inc [1830582Bpas= 13
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1 Introduction

The VDIP1 module is an MCU to embedded USB host controller development module for the VNC1L IC
device. The VDIP1is supplied on a PCB designed to fit into a 24 pin DIP socket, and provides access to
the UART, parallel FIFO, and SPIinterface pins on the VNC1L device, viaits AD and AC bus pins. Not only
is.it ideal for developing and rapid prototyping of VNC1L designs, but also an attractive quantity discount
structure makes this module suitable for incorporation into low and medium volume finished product

Figure 1.1- VDIP1

The Vinculum VNC1L is the first of FTDI's Vinculum family of Embedded USB host controller integrated
gcircuit devices. Not only is it able to handle the USB Host Interface, and data transfer functions but owing
to.the inbuilt MCU and embedded Flash memory, Vinculum can encapsulate the USB device classes as
well. When interfacng to mass storage devices such as USB Flash drives, Vinculum also transparently
handles the FAT File structure communicating via UART, SPI or parallel FIFO interfaces via a simple to
implement command set. Vinculum provides a new cost effective solution for providing USB Host
capability into produds that previously did not have the hardware resources available. The VNC1L is
available in Pb-free (RoHS compliant) compact 48-Lead LQFP package.

Copyright® 2010 Future Technology Devices International Limited
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2 Features

The WDIP1 has the following features:

-

Uses FTDIs WNCLL embedded dual USE host
cantroller IC device

USE single A" type USE socket to interface
with USE peripheral devices

Second USBE interface port available via

module pins if required

Jumper selectable UART, parallel FIFO or SPI
MCU interfaces

Single 5V supply input from USE connection
{ng external supply necessary)

Auxiliary 3.3V / 200 mA, power output to
logic.

Program or update firmware via USB Flash
disk or via UART/Parallel FIFO/SPI interface

Power and traffic indicatar LED s

WMC1L firmware programming control pins
PROG# and RESET# brought out onto jumper

inferface

VDIPL is a Ph-free, RoHS complaint
moadule.

Srhematics. and firmware files available for
downlpad from the Vinoulum website
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3 Pin Out and Signal Description

3.1 Module Pin Out

AD6 @ ADS
AD7 ® AD4
ACO ® AD3
AC1 @ AD2
AC2 @ AD1
GND D GND
AC3 & ADO
AC4 @ UiMm
ACS o V1P
RS# ® LD2
PG# @® LD1
3V3 8 SV0

Figure 3.1 - VDIP1 Module Pin Quf (Top View)
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3.2 Pin Signal Description

Pin No. Name Pin Name on Type Description
PCB
1 W0 5v0 PWR 5.0 V module supply pin. This pin provides the 3.0V output an the
Input USB A" type socket, and also the 3.3V supply to WNCL2, via an on-
board 3.2 V LD.O.

2 LED1 LO1 Output USB port 1 traffic activity indicator LED. This pinis hard wiredto a
green LED on board the PCB, It is also brought out anto this pin
whigh.allows for the possibility of bring- jpg out an additional LED
trafficindicator out ofthe VDIP1 board. For example, if the VDIP1
USE connectoris brought eut onto an instrument front panel, an
Arkixitx LED could be mounted alang.side.it.

3 LED2 Loz Qutput USB port 2 traffic activity indicator LED. This pinis hard wired to a
green LED on board the PCB. It is also brought out anto this pin
which allows far the possibility ofbring- jng out an additional LED
trafficindicator out ofthe VDIP1 board. For example, if the VDIP1
USB cannectoris brought aut anto an instrument frant panel, an
Agtivity LED could be mounted glang.side.it.

4 USBD1P uip hifs] USE hast/ slave port 1 - USBE Data Signal Plus with integrated pull
yp/ pull down resistar. Module has on board 27 2 USE series
resistar This pin can be brought out alang with pin 5 to provide a
sgcond USE part, if required

5 USBD1M uim 'o USB host/ slave port 1 - USB Data Signal Minus with integrated pull
yp/ pull down resistar. Module has on board 27 2 USE series
re5istan. This pin can be braught out alang with pin 4 to provide a
second USE port, if required

5 ADBUSD ADD i) 5V safe bidirectional data/ contral bus, AD bit 0

i alD (<] 1n] PWH Module ground supply pin

£ LOOLlCd L IL = il H Lal L Ll Ill‘\ |

9 ADBLIS2 ARz Lo S safe bidirectional data/control bus. AD bit2

10 ADBUS3 AD3 jilv] 5V safe bidirectional data / control bus, 2D bit 3

11 AUBUSS AUS L W SdIe ODTUITECLTondr datd 7 COTirorous, AL Uit S

12 AOBISS A0S o S\ cafe bidicoctionaldata ! contralbuc A0 hit s

13 ADBUSE ADGE 'O 5V safe bidirectional data / control bus, 2D bit &

14 ADBUST AT T oW safte bidirectional data M controlbus, AD bit

. B o p-safe-bidirectioneldets mretbreketit

18 ACBUST AC L' S safe bidirectional data/control bus, AC bit 1

17 ACBUSZ AC2 jilv] 5V safe bidirectional data / control bus, AC bit 2

TS GO G PR TodUIE Graune SUpp Ty PI

19 LCEL Lic Lo SMcafe bidicorticoaldata / captealbyc ac hit

20 ACBUSE AC4 I'o 5V safe bidirectional data / control bus, AC bit 4

21 ACBU3S AC3 o 3V safe bldl[“ectlonaldata.-' control bus, AC bit 5

oo BEC T B I Can wead = = ALk o sal hC 1 Haie-Gi = - '
i combination with PROGS and the UART | parallel FIFQ/ SPI interface to
pregram firmware into the Vinculum

23 PROG= PG= Input This pin is wsed in combination with the RESETE pin and the UART / paralie!
FIFQ ! 8P| interface to pro gra, m fir merare into the VNCIL.

2V GO TGN VOt :ar%‘%—. . oo

24 e 3W3 PR

Table 3.1 - Pin Signal Descriptions

Copyright® 2010 Future Technology Devices International Limited
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3.3 I/0 Configuration Using The Jumper Pin Header

Two three way jumper pin headers are provided to allow for simple configuration of the 1/0 on data and
cantral bus pins of the VDIP1. This is done by a combination of pulling up or pulling down the WNC1L
ACBUSSE (pin 46) and ACBUS6 (pin 47). The relevant portion of the YDIP1 module schematic is shown in

Figure 3.2
VNC1L-1A
46
ACBUSS
47
ACBUSSE
3V3
47k | 147k
J3
1
2
p— 3
J4

1

2

3

GND
Figure 2.2 - VDIP1 On-Board Jumper Pin Configuration.
ACBUSE ACBUSS I/0 Mode
{VNCIL pin 47) (VNCI1L pin 46)

Pull-Up Pull-Up Serial UART
Pull-Up Pull-Diown 5PI
Pull-Down Pull-Up Parallel FIFO
Pull-Dawn Pull-Drawn Serial UART

Table 3.2 - VDIP1 Port Selection Jumper Pins
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3.4 Default Interface I/0 Pin Configuration

The WNC1L device is pre-programmed with default settmgsfor the IID plns howeverthey can he easﬂy
changsd to suit a designers needs. The default interface I/O pin gonfigy
shown in Table 3.3

ADBUSO

ADD

o

5V safe

bidirectional
data / control
bus, AD it D

Dd

SCLK

ADBUS1

AD1

Lo

SV asfe

bidirestional
data ! control
s, AD bit 1

RXD

D1

S0

PortAD1

ADBUSZ2

ADZ

o

5V safe
%gi control

bus, AD bit 2

RTSE

D2

SDO

PortAD2

10

ADBUSE

ADZ

o

SV ssfz

T control

bus, AD bit3

CTEE

D3

Cs

PortAD2

11

ADBUSS

AD4

Lo

SV ssfe

bdirestional
data/ control
bus, AD bit4

OTR#

04

12

ADBUSS

ADS

o

5V safe

bidirestional
data ! control
lbys, AD bit &

DERE

D5

FortADS

13

ADBUSAE

ADB

o

5V safe

I control
AD bit &

DCD#

D&

PortADG

14

ADBUST

ADT

s}

Svssfe

T control

bus, AD B T

RIZ

DT

FortADT

15

ACBUSO

ACD

o

5V safe
ﬁ%giemnml

bus, AC bit 0

TXDOENE

RXFZ

16

ACBUS1

AC1

i}

5V safe

I control
AC bit1

17

ACBUSZ

AC2

o

5V safe

I control
ACBREZ

RD#

18

ACBUS3

AC3

o

5V safe

I control
AC bit3

PortAC2

20

ACBUS4

AC4

I control
ACbitd

Copyright ® 2010 Future Technology Devices International Limited
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3.5 Signal Descriptions - UART Interface

The UART interface I/O pin description of the VNC1L device are shown in Table 3.4

“PmNo. | Weme | e | Dbeeen |

[ TXD Owrtput Transmit asynchronous dsta output

8 RXD Impiust Recsive asynchronous dats input

5 RTSE Owtput Reguest Tg Send Control Output / Handshaks signal

10 CTE= Impiust Clear To S=nd Control Input / Handshske signal

11 OTR= Owtput Dats Terminal Ready Control Output / Handshaks signal

12 DSRE Input Dats S=t Ready Control Input / Handshake signal

13 DCD# Inpust Data Carrier Detect Control Input
Bing Indicalor Centre, L input, When the BemoteskeW.up option is enabled in the
EEFRCM, taking R1# low can be used to resume the FC USE Host controller

14 RIg Input from, suspend

15T DENEInputEnsble Transmit Dsta figr R5485 designg

Table 3.4 - Default I/0 Pin Configuration — UART Interface

Copyright ® 2010 Future Technology Devices International Limited
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3.6 Signal Descriptions — Serial Peripheral Interface (SPI)

The SPI 1/0O pin description of the WNC1L device are shown in Table 3.5

[ SCLK Iniput 5P| Clock input, 12MHz maximum.
8 501 Input 5P| Serial Dats Input
] 500 Output 5P| Serial Data Qutput

10C S InputSPl Chip Select Input
Table és - U;é and EuEE' Bus Enal Mode ns — lave Interface

3.6.1 SPI Slave Data Read Cycle

When in SPI mode, the timing of a read operationis shown in Figure 3.3

RWIADD| D7 |D6 |DS | D4 | D3 (D2 | D1 | DO

s U UL UYL
\l

L
SPICS _-/
/

SPI1 Data In

O

el

5P| Data Out

LN

KOOOO0OOCK

Start

Status

Figure 3.3 - SPI Slave Data Read Cycle.

From Start - SP1 C5 must be held high forthe entire read cycdle, and must be taken low for at least one
clngk period aftert he read is co mpleted. The first bit on SPI Data In is the R/W bit - inputting @ '1" here
A llows data to be read frp m the chip. The next bit is the address bit, ADD, which is used to indicate
whether the data register ("0°) or the status register (17 is read from. During the SPI read cycle a byte of
data will start being output on SPI Data Qut on the next clock cycle aftert he address bit, i

he data has been clocked out of the chip, t he status of SPI Data. Qut should be checdkedto see if the
data read is new data. A '0° level here on SPI Data Qut means that the dataread is new data. &4 '1°
indicates that the data read is old data, and the read cycle should be repeated to get new data.
Rememberthat C5 must be held low for at least one clock perod before being taken high again to
cantinue with the next read or write cycle.
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3.6.2 SPI slave Data Write Cycle

When in 5PI mode, the timing of a write operation is shown in

RAW|aDD| 07 |06 | D5 | D4 |03 | D2 [ D1 | DO

= T HUHUU UL

UL

wes |/ \LL
s —T7T\]_LADCXDXAXDXXX

<

Start

Status Py 5"3 ,_I

] _ L ) )

From Start - SPI CS must be held high forthe entire write cycle, and must be taken low for at least
ane clock perod after t he write is co mpletedThe. ficst bit on SPI Data Inis the RYW bit - inputting
a'0" here a llpws data to be written to the chip. The next bit is the address bit, ADD, which is used
to, indicate whether the data reagister ("0") or the status reqgister (*1") is written to. During the SPI
write cycle a byte of data can beinputto SPI Data In on the next clodk cycle aftert he address bit,
MsBafterficst.t he data has been clocked in to the chip, t he status of SPI Data Out should be
rherked to seeif the data read was accepted. A '0° level on SPI Data Out means that the data
write was accepted. A "1 indicates that the internal buffer is full, and the write should be repeated.
Rememberthat C5 must be held low for at least one clock perod before being taken high again to
continuye with the next read or write cycle.

Copyright ® 2010 Future Technology Devices International Limited
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3.7.2 Timing Diagram - Parallel FIFO Write Transaction

When in parallel FIFO interface mode, the timing of @ write operation is shown in Figure 3.7 and Table

3.10

T12

L4 >
> T114 Yy

T7 (]

\

WR DU i BN — T p—

D[7...0] { Valid Data )—

: 7/ "
TXE# T3 7_

l‘-""i-.i.

£ 3,7.~ ETED. Write. Cych
Time Description Min Max Unit
T7 WR Active Pulse Width 50 - D5
T8 WR to WR Pre-Charge Time 50 - ns
TS WR Active ta Valid Data 20 - ns
T10 Data Hold Time from WR o - D5
T11 w:i::ilive to THE= 5 25 0.
T12 THE= Inactive After WR Cycle BO - ns.

Table 3.10 - FIFO Write Cycle Timing

Copyright ® 2010 Future Technology Devices International Limited
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6 External circuit Configuration
6.1 Adding a second USB Port

The external circuit configuration for adding second USB host port, with the USB activity LED,
15. shown below in Figure 6.1

5V

Farrite
Bead

USE A
Conneclor

]
]

1

w3

"n

*  USB Port
activity LED
circuit
— LED1
330R

Figure 6.1 Additional USB Port Configuration
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7 Schematic Diagram
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Figure 7.1 - Schematic Diagram
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ANALOG Small, Low Power, 3-Axis +3 ¢
DEVICES 1 MEMS® Accelerometer

ADXI.330

FEATURES GENERAL DESCRIPTION

J-axis sensing The ADXL3301s 2 small, thin, low power, complete 3-axis

Small, low-profile package core with signal conditionsd veltage outputs, =ll
4mm * 4 mm x 1.45 mm LFCSP

on 2 single monolithic IC. The preduct measures acceleration
with 2 minimum full-seale range of =3 g. It can measurs the
static acceleration of gravity i tilt-sensing applications, as well
a3 dynamic acceleration resulting from motion, sheck, or

Low power
180 pA at Va= 1.8 V (typical)
Single-supply operation

1L8Vita 36V vibration.
10,000 g shock survival
Excellent temperature stability The user selects the bandwidth of the aceslerometer using the
BW adjustment with a single capacitor per axis GG, and G capacitors. at the Xevr. Tov.and Zoz.pms
RoHS/WEEE lead-free compliant Bandwidths can be selected to suit the application, with a
range of 0.5 Hz to 1600 Hz for X and T axes, and 2 range of
0.5Hz to 350 Hz for the £ axis.
APPLICATIONS ] ] .
Cost-sensitive, low power, motion- and tilt-sensing The ‘@MJJDIS m‘aﬂabl.e in 2 small, 10“_- profile, 4 mm * 4 mm
applications % 1.43 mm, 16-lead, plastic lead frame chip scale package
Mobile devices (LECSE.LQ).
Gaming systems
Disk drive protection
Image stabilization

Sports and health devices

FUNCTIONAL BLOCKDIAGRAM

Vs
ADXL330 RALT | Xoer
OUTFUT AMF | ..., (_1_
x
3-AXIS E
SENSOR BFLT |,
[ — acawmr [ | DEMOD [ | OUTPUT AMP ‘ET
I — — il; .
EFLT Lo
OUTFUT AME [ on ] _1*_
c
o v
COM 5T 3
3
W -
Rev. A
Informatien furnizhed by Anslog Dcnu.n'behu!d e be accurate and relisble. However. oo
m; ¥ dhy. Ansler Dy e m;nu of]nunr.ocrorlur T " . .
hfs oF third parfies fhat may pesalt frem ifs we. Speci R v i, N ‘Ome Technology Way, PO, Box 9106, Norwood, MA 02062-9106, U5 A
Hcams i ramted by impbcation or sthermwize mﬂerm ptunrm']numnghrofhﬂo!]}u‘xe. Tel: 781.319.4700 www.analog.com

Trademarks and regitered irademarks are the property of their respecive swpers. Fax: 781.4613113 ©2007 Analeg Dievices, Inc. Al rights rezerved
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SPECIFICATIONS

ADXI

Ta=25"C, Vi=3V, Cu=Cvr=Cz=01 yF, acceleration =0 g, unless otherwise noted. All mmmum =nd maxmum spectfications are

guarantzsd. Typical specifications are not guarantzed.

Tablel,
Parameter
SENSORINPUT
Measurement Range
Menlinesrity
Packzge Alignment Error
Interamis Alinment Error
Cross Axis Sensitivity
SENSITIVITY (RATIOMETRICY
SEﬂ.iiﬁ.‘i‘iT}-‘ at Xour, Yeur, Zour
Sensitivity Change Due to Temperature
ZER0 g BIASLEVEL (RATIOMETRIC)
OgVoltzge at X, V... Zo-
0 g Offset vs. Temperature
NOISE PERFORMANCE
Noise Density X, Yo
Noise Density Zowr
FEREQUENCY RESPONSE:
Bandwidth X..., Y.
Bandwidth Zewr
Brnr Tolerance
Sensor Resonant Frequency
SELFTEST-
Logie Input Low
Logic Input High
ST Acmation Current
Output Change at X,
Output Change at Yeuwr
Output Change at Feur
OUTPUT AMPLIFIER
Output Swing Low
Output Swing High
POWEE SUPPLY
Operatmg Voltage Range
Supply Current
Tum-On Time
TEMPERATURE
Operating Temperature Fangs

+ Defined 25 conpling batwesn any two axes
= Seasitvity & essenially uiiomedn; o Va

Conditions Min
Each axiz

%eof full zcale

Each axiz
Vi=3V 270
Vi=3V
Each axis
V=3V 12

Mo extemal filtsr
Noexternal filter

Selftest Oto 1
Selftest Oto 1
Selftest Oto 1

Noload
Noload

1.3
V=3V
Mo extemal filter

2 Diefined as the output chanss from ambisnt-to-meximum temperaturs of ambisnt-io-mindmnm femperatune
- - pR— - i c.,c

= Bandwidth with
handwridth =05 Hz

- Tom-on tima is depandant on & v S and iz zpproximatsly 180 = Coor S orCo+ 1 ms, whare O S SoareinyF

Lz a3 5 el

7 - i

Fev. A|Page 3of 16

Typ Max

300 330

13 1.3

280

350

1600

330
32=15%
33

+0.6
+24
-130
+150

01
23

36
320

+70

Unit

HA L AR AR
i Ca S = L0003 W, bandvwridth = 1.6 kHz Far C-=0.01 yF, bandwidth = 500 Hz Far &= S 5= 10 yF,
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ADXT.330

ABSOLUTE MAXIMUM RATINGS

Tablel.

Parameter Rating
Accelaration (Any Axis, Unpowerad) 10,000 g
Acceleration (Any Axis, Powerad) 10,000 2

VO3V +70V

All Other Pins

V)

Output Shert-Circuit Duration
(AnvyPm to Common)

Temperature Range (Powerad)

Indefmite

(COM-03V)to (Ve + 0.3

—35*Cto +123°C

Temperature Hange (Storage)

T:

TEMPERATURE

=03 Cto +130°C

Stresses zhove thoze listed under Absolute Maxmum Fatmps
may cause permanent damage to the device. This is a stress
ratmg only; fimctional operation of the device at these or any
gther conditions shove those indicated i the eperational
section of this specification is not implied. Exposure to sbsolute
maxmym ratmg conditions for extended periods may affect
devics relizbility.

CERITICAL ZONE

G F

Figure 2, Racommendad Soldering Profils

Table}, Recommended Soldering Profile

Profile Feature
Average Famp Rate (T to Ts)
Preheat
Minmmum Temperature (Taed
Maximum Temperature (Taaod
Time (Taams to Tanaux), =4
Toauxto To
Ramp-UpRate
Time Mamtained Above Lignidons (To)
Liquidous Temperature (Tt)
Tme (t)
Pezk Temperaturs (T,)
Time within 5°C of Actual Peak Temperature ()
Bamp-Down Bate

Sn63Ph3T Ph-Free
3*C/ s max FC s max
100°C 150°C
150°C 200°C
60sto 120 60sto 1803
F*C/rmax F*C/rmax
183°C 217°C
60sto 150 s 60z to 130 =
240°C+ 0°C~5°C 260°C+0°C~5°C
10sto30s 20st0d0s
6*C/s max 6*C/z max

Tme [0 to Feak [emperature

ESD CAUTION

ESD (electrostatic, discherge) sensitive device, Electrostatic charges as high as 4000 V readily zccumulate on the
bumean bedvandtast aquipment and can discharea without datection. Although this product faatues
propretary ESD protection circuitry, permanent damage may occur on devices subjected to high energy I

0 mmutes max & MMItes max

WARNING!

:f"i-'-;_|||||

glectrnstatin discharges. Therefore, proper ESD precautions are recommended to avoid performance

desradation, or loss of functionality.

Rav A | Page4of 18
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ADXL33

PIN CONFIGURATION AND FUNCTION DESCRIPTIONS

HC

8T

o

REHA

NC=NOCONNECT

Fizurz 3. Pin Configuration
SRS £

Table 4, Pin Function Descriptions

g ADXL330 ] XorT

TOF VIEW

= (Mot te Scal) 11 | NG
g +Z 0 ¥our
=k +X 3 ] ®C

: & T &

£ £ L1 1

A

[EE TR = -

e BT B

CENTER PAD ISNOT
INTERNALLY CONNECTED
EBUT SHOULD EE 30LDERED
FOR MECHANICAL INTEGRITY

DIMENIIONS SHOWN IN MILLTMFTERS

=
L

4
—t—a3s

—————-

Fignee 4. Recommendad PCB Layout

-
i

o

| |

_———— -

e

b B

Pin No. Mnemonic Description
1 NC No Connect
2 5T Self Test
3 Con Common
4 NC No Connect
3 COoM Commeon
6 Cont Common
7 COoM Commeon
3 o Z Channel Qutput
9 NC No Connect
10 Tewr T Channel Qutput
11 NC No Connect
12 K- X Channel Qutput
3 NC No Connect
14 Vs Supply Voltage (183 Vto 3.6 V)
15 V. Supply Voltage (183 Vto 3.6 V)
16 NC No Connact

Rav A | Page Tof 16
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THEORY OF OPERATION

The ADXL3304s 2 complets 3-zxi3 zcceleration measursment
systemon 2 single menolithie IC. The ADXL330has 2 measure-
ment ranges of =3 g mmmum. It contams 2 pelvslicon surface
micromachmed sensorand signal conditioning circmitry to
mplement an open-loop scceleration mezsurement architecture.
The output signals zrs analog voltages that are propoertional to
coeleration. The zccelerometer can measure the static acrelera-
tion of gravity i tilt sensing zpplications as well as dynamic
zceeleration resultmg from metion, shock, or vibration.

The sensoriz a pelvailicon surface migromachined structure
bt on top of 2 silicon wafer. Polysilicon springs suspend the
stughire over the surfzce of the wafer and provide a resistance
agamst zcceleration forces. Deflection of the structure 15 megs-
ured using 2 differsntial capacitor that consists of mdependent
frmed plates and plates attached to the moving mass. The fxed
plates zre driven by 1307 out-of-phase squars waves. Acceleration
deflects the moving mass and unbalances the differential
capacitor resulting i a sensor output whose amplitude is
propettional to acceleration. Phase-semsitive demodulation
techniques are then used to determine the magnitude and
direction, of the acccleration.

The demodulator cutput iz amplifisd and brought off-clup
throngha 32 k€ resistor. The user then sets the signal band-
width of the device by adding a capaciter. This filterng improves
mezsurement reselution and helps prevent slizsmg.

MECHANICAL SENSOR

The ADXL330uses 2 single structurs for sensimg the X, Y, and
Zaxes. Asarssult, the three ames sense directions are highly
orthogonal with litfle cross axis sensitivity. Mechanical mis-
gliznment of the sensor die to the package s the chief source
of cross axis sensitivity. Mechanicsl miszlignment can, of
conrse. be calibrated out at the system level.

PERFORMANCE

Rather than using zdditionzl temperature compensation
circutry. mmovative design techniques ensure high
performange is built-in to the ADXT.330. As aresult, there is
neither quantization error nor popmenotonic behavier, and
temperature hysteresis is very low (typically less than 3 mg over
the —23°C to +70°C temperature range).

Figure 14, Figure 13, and Figure 16 show the zero g output
performance of sight parts (X-, ¥-, and Z-zmis) soldered to 2
PCBover a—23°C to £70°C temperature range.

Figure 26, Figure 27, and Figure 23 demonstrate the typical
sensitpvaty shift over temperature for supply veltages of 3 V. This
i3 typically better than =1% over the —25°Cto +70°C
femperature range.

Rav. A| Page 11of 16
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ADXT.330

APPLICATIONS

POWER SUPPLY DECOUPLING
Formost zpplications, 2 smgle 0.1 pF capacitor, Coc, placed
close to the ADXL330 supply pins adequatsly decouples the

apoelerometer from noise on the power supply. However, i
zpplications where notse is present at the 50 kHz mtemal clock

frequency (or any harmonic thereof), additional care i power
supply bypassing is required as this noise can cause errors in
zceeleration measurement. If additional decoupling is nesded,
3100 & (or smaller) resistor or ferrite bead can be mserted m
the supply lme. Additionally. 2 larger bulk bypass capacitor

(1 YE or greater) can be added m parallel to Coc. Ensure that
the connection from the ADXL330 ground to the power supply
ground is low impedanes becanse noise transmitted through
ground has a similar effect as noise transmitted through Vs,

SETTING THE BANDWIDTHUSINGC,, C,, AND C,
The ADXL330has provisions for band limiting the Xevr, Yeur,
and Zewr pins. Capacitors must be added at these pins to
mmplement low-pass filtermg for antizliasme and neise
redustion. The equation for the 3 dB bandwidth is

Faa= 1;@:[31 % * Covz)
ormore simply

Fawm=3 ‘.”:E,c'[:'-:{ w3

The tolerance of the intermal resistor (Rrnr) typically varies 23
much as £13% of its nominal value (32 k), and the bandwidth
warigs accordingly. A minimum capacitanee of L0047 gF for Cx,
G, and Cz is recommended m 2l cases.

Table 3, Filter Capacitor Selection, Cx, Cv,and Cz

Bandwidth (Hz) Capacitor (uE)
1 47

10 0.47

50 0.10

100 0.03

200 0.027

500 0.01

Never expese the 5T pm to voltages greater than Vi+ 03 V. If
this cannet be guaranteed due to the system design (for
matance, if there are multiple supply veltages), then alow Vs
clamping diode between 5T and V:is recommended.

DESIGN TRADE-OFFS FOR SELECTINGFILTER
CHARACTERISTICS: THE NOISE/BW TRADE-OFF

The selactzd accelarometer bandvaidth ultimatsly dstermines

the mezsurement resolution (smallest detectzble acesleration).
Filtzrimng can be used to lower the notse floor to mprove the
reselution of the sccelerometer. Resclution is dependent on the
analpg filter bandwidth at Xowr, Yeur, and Zear.

The output of the ADXL330has a typical bandwidth of greater
than 500 Hz. The user must filter the signzl at this pet to limit
ghizsmg errors. The analog bandwidth must be ne mere than
half the anzlog-to-digital sampling frequency to minimize
glizsme. The malog bandwidth can be further decreased to
reduge noise and improve resclution.

The ADXL330 noise has the characteristics of white Gaussian
notse, which contributes equally zt all frequencies and 13
described in terms of pg/WHz (the noise is proportional to the
squargroot of the accelerometer bandwidth). The user should
limit bendwidth to the lowest frequency needed by the gpplics-
fion to maximize the resolution and dynamic range of the

With the smgle-pole, roll-off characteristic, the typical notse of
the ADXL.330is determined by

= x( _x18)
rmsNoise  Noise Density EBW
Often, the peak value of the noise is desired. Peak-to-pezk neise
can only be estimated by statistical metheds. Table 6 15 useful
for estmatmg the probabilities of exceedmg various pesk
values, given the yms value.
Lablef, Estimation of Peak-to-Peak Noise

SELFTEST

The ST pin controls the self test feature. When this pin s setto
Vi an electrostatic forceis exerted on the accelerometer beam.

The resultmg movement of the beam allows the user to test if
the aceelerometer 1z functional. The typical change i output is
—)Dl}mz (..on'nspcndmz to =130 mV) m the X-axis, 300 mg [D:

This ST pin may be 1°ft open ¢ “1.r"|.ut or connectad to common

(COM) i normal nse.

% of Time that Noise Exceeds
Peak-to-Peak Value Nominal Peak-to-Peak Value
2% g 32
4= ms 4.6
6 rmg 027
8= mg 0.006

USE WITHOPERATING VOLTAGES OTHER THAN 3V
The ADKL3301s tested and spectfied at Vi =3 V; however, it
can be powerad with Vias low 2s 1.8 Voras high 2s 3.6 V. Note
that some performance parameters change as the supply voltage
13 varied.

Rev. Al Page 120816
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ADXIL33

The ADXL330 output is gatiometric, thersfore, the output
sensitivity (or scale factor) varies proportionally to the

supply voltage. At Va=3.6V_the output sensitivity is

typically 360 mVig. At'Vs =2V, the output sensitivity is
typically 195 mVig.

The zero g bizs cutputis also ratiometric, so the zero g output is
nominally equal to Va2 at 20l supply voltzges.

The cutput noise iz not gatiometyic but iz absoluts m volts;
therefore, the noise density decrezses 2s the supply voltage
merezses. This is because the scale factor (mV/g) morsases

while the notse voltage remains constant. AtV:=3.6V, the

- and T-axis noise density is typically 230 pgvHz, while at
Vi=2V, the X- and V-axis notse density s typically 350 pg~Hz.

Selftest response in g is roughly propertional to the squars of
the supply voltage. However, when ratipmetricity of sensitivity

15 factored m with supply veltzge, the self test response m volts
iz roughly proportional to the cube of the supply voltage. For
example. 2t V=36V, the self test response for the ADXL3301s
approximately —273 mV for the Xoaxis, +275 mV for the V-axis,
and —100 mV for the Z-amis.

Nem=-lg
YouT=1lg

Yur=1s TOF TOP

ZorT =g

AtVs=2V, the self test response is approximately —60 mV for
the X-axis, +60mV for the V-axis, and —23 mV for the Z-axis.

The supply currsnt decreases as the supply voltage decreases.
Typical current consumption 2t Ve =3.6 Vis 375 pA and
typigal currsnt consumption 2t Ve =2V 1z 200 g4
AXES OF ACCELERATION SENSITIVITY

A

Gedid e

AW

Fimuga 31 Axes of Acceleration Semsitivity, Comresponding Output Vaolage
Increzses When Accelersted Alonzthe Ssnsitive Axis

GRAVITY
XotT =0 l
Vo =-lg
ZouT =iz

AW &

XoUT=0g XoUT =0z F
Yor =0 Yo =g 2
ZouT=1g ZouT =-lg

Fignge 32, Output Responss vs. Orisntation ta Gravity

Rev A|Page 130f15
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RT9163

S00mA Low Dropout Positive Voltage Regulator

General Description

The RT9163 is a positive low dropout regulator
designedforapplications requiring low dropout
performance atfull rated current. The deviceis
available infixed outputvoltage of 3.3V, 2.5V, and
5.0V The RT9163 provides excellentregulation over
ling. load, and temperature varations.

The ather features include low dropout perfformance
ata maximum of 1.4V at500mA, fast transient
response, internal current limiting, and thermal
shutdown protection of the output devices. The
RTS8163 is a three-terminal regulator availablein
surface mount SOT-89, 50T-223, and TO-252

packages.

Applications

= 5V to 3.3V Linear Regulator

= Low Voltage Microcontroller, DSP... etc Power
Supply

= Linear Regulator for LAN Card and CD-ROM

Ordering Information
RT9163-00 O O
LPackagetype
ZL . T0-92
X..50T-89
AL S0T-89, L Type
L; TO-252
G S0T-223 Type |
GL ;. S0T-223 Type |l
GT . SOT-223 Type Il
GF ; 50T-223 Type IV
L Operating temperature range
C: Commercial standard

Output voltage
3333V
39,35V
a0 - 5.0V

Features

Low Dropout, Maximum 1.4V at S00mA

Fast Transient Response

= 2% Total Output Regulation
0.4% Line Regulation
= 0.4% Load Regulation

T0-92,50T-89, SOT-223, and TO-252 Packages

Pin Configurations

Part Number Pin Configurations
RT9163-00CZL TOP VIEW
(Plastic TD-92) ;-EIPTD

3 VouT
123
RT9163-00CX — TOP VIEW
{Plastic SOT-89) ; . ggL[J)TmB}
T ® 3 VN
RT9163-00CXL —/ TOR VIEW
(Plastic SOT-89) ; SII:JDUAEI}.
T H B 3 vouT
RT9163-00CL — TOP VIEW
{Plastic TD-252) ;gﬁLEIJT(rAB}
u - lj 3 VIN
RT9163-00CG — TOP VIEW
(Plastic S0T-223) ; ggBTUAEl}
Typel T T 3.VIN
RT9163-00CGL — TOP VIEW
(Plastic SOT-223) ; .gI[:JD .
Typel ITEr T 3. vouT
RT9163-00CGT — TOP VIEW
(Plastic S0T-223) ; : SSBT 8
Typelil TE T 3 VN
RT9163-00CGF — TOP VIEW
(Plastic S0T-223) ; . SIPILJJD[TAEI}.
TypeV ITETEr 3 VouT

D59163-14  April 2002

wwwi richtek-ic.com.tw
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RT9163 Richiek

Marking Information

Part Number Marking
RT9163-33CZL RTAJ
RT9163-35CZL RTAK
RT9163-50CZL RTA1
RT9163-33CX AB
RT9163-35CX A9
RT9163-50CX AT
RT9163-33CXL CK
RT9163-35CXL CL
RT9163-50CXL CM

Typical Application Circuit

RT9163

W, \VWT VouT T V.: LT
c1 L c2

GND
'1UxFr|—?_ L L .

Pin Description

Pin Name Pin Function
VouT COutput Voltage

GND Ground

WIN Power Input

Function Block Diagram

| o VIN
Buffer
Amplifier| Thermal ol
Shutdown
Error
Amplifie
— Current R3
Limiting
SEIIJUI VDUT
VREFI R1
= j&z
www_richtek-ic.com tw DS9163-14  April 2002
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TLO71, TLOT1A, TLO71B, TLOT72
TLO72A, TLOTIB, TLO74, TLO74A, TLO74B
LOWCNOISE JFETCINPUT OPERATIONAL

SLOS0B0) - SEFTEMBER 1578 - REVISED MARCH 2005

Lm LTS UTTE U

Wide Common-Mode and Differential
Voltage Ranges

Low Input Bias and Offset Currents
Output Short-Circuit Protection Latch-Up-Free Operation
Low Total Harmonic Distortion High Slew Rate .. .13 Vius Typ

-.0.003%Typ D Common-Mode Input Voltage Range
Includes Vs

v~ 18 Vs Typ at f= 1 kHz
High Input Impedance ... JFET Input Stage
Internal Frequency Compensation

vl B
ocoogo o

deseription/ordering information

The JFET-input operational amplifiers in the TLO7x seres are similar to the TLO8x senes, with low input bias and
offset currents and fast slew rate. The low harmonic distortion and low noise make the TLO7x series ideally suited for
high-fidelity and audio preamplifier applications. Each amplifier features JFET inputs (for high input impedance)
coupled with bipolar output stages integrated on a single monalithic chip.

The C-suffix devices are characterized for operation from 0°C to 70°C. The l-suffix devices are characterized for
operation from -40°C to 85°C. The M-suffix devices are characterized for operation over the full miltary
temperature range of —55°C to 125°C.

Please be aware that an important nofice conceming availability, standard warranty, and usein critical applications of Texas
Instruments s emiconductor produdts and disdaimers thersto appears at the end ofthis datashest.

L 0 PDACATABES Def

susded waraony. Production procemin does z0 xem'ﬂ'_uhﬁ = mme oved | Ga e ok
testing of all paramesers Bt
TEXAS processing does notneossanihy inc hnde semting of afl paramesars

INSTRUMENES: 7= 1
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TLO71, TLOT1A, TLO71B, TLO72
TLOT2A, TLO72B, TLO74, TLO74A, TLO74B
LOWCNOISE JFETCINPUT OPERATIONAL AMPLIFIERS

SLOS080] - SEFTEMBER 1578 - REVISED MARCH 2005

TLOT1, TLOTAA, TLOTIB TLO7Z, TLOT2A,TLOTZS TLOT4A, TLOTAB
D,P,OR PS PACKAGE D,JG, P, PS5, OR PWPACKAGE D,J,N, N5, OR PWPACKAGE
(TOP VIEW) (TOP VIEW) TLO74...D,J, N, NS, PW,
U U ORWPACKAGE
OFFSETN1 [] 1 g [INC 10UT ] 1 A | R (TOPVIEW)
IN-[] 2 7Vec 1N-[] 2 7l 20UT v,
N+ 3 sfour 3 sflan- 10utll 1~ 14f) gouUT
Vee- [ 4 5 [JOFFSET M2 Vee- ] 2 sl 2in+ 1N 2 13f] 4IN-
1|N++{[ 3 12} 41N+
Vocd) 4 11l Voo-
TLOTZ
U PACKAGE an-l s 1ol 3+
(TOP VIEW) 2|N'[ 8 9] 3IM-
20uTl] 7 sf] 3ouT
W] 1 10f) NC
10UTH 2 s Voo+
1N-[1 3 gl 2zouT
1n+[] 4 71 21m-
Voo-Ys s 2in+
TLOTA TLOTZ TLOT4
FKPACKAGE FK PACKAGE FKPACKAGE
(TOPVIEW) (TOP VIEW)
= [ =
= z3v3dz
0 - - & =
L8] t (SIS ]
32 1 2018
N e 180 s+
MC ] s 17 NC
21 2018
MNC 4 18 NC Voc+ 6 15% Vee-
IN- 5 170 vec+ o] i 15[] NC
ne Os 18 NC 21N+ [] 5 4] 3+
N+ 7 s out Y9I01112135
ne [s 12l ne
10111213 g"é‘z"éz_.'r
(=] i
o ]

o
=

NC

OFFSET N2

MNC - Mo internal connection

TLOT
TLOT2 {each amplifier)
OFFSET N1 TLO74 (each amplifier)
IN+ IN+ *
ouT ouT
IN- IN- p
OFFSET N2
4 BOST OFFICE 50K 555307 @ DALLAS. TEXAS 75255
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schematic (each amplifier)

TLO71, TLOT1A, TLO71B, TLOT2
_ TLO72A, TLO72B, TLO74, TLO74A, TLO74B
LOWCNOISE JFETCINPUT OPERATIONAL AMPLIFIERS

SLOS080) — SEPTEMEBER 15978 — REVISED MARCH 2005

VCC+

IN+

\

1280

VCC-

AAOFFSETA
AAMNAATD

W

LWy

All component values shawn are nominal.

out

COMPONENT COUNTT
COMPONENT
TYPE TLOT1 TLOT2 TLOT4
Resistors 11 22 44
Transistors 14 28 56
JFET 2 4 5]
Diodes 1 2 4
Capacitors 1 2 4
ERIEET 1 2 4
T Includes bias andtrim circuitry
POET OFFICE B0 555303 ® DALLAS, TEXAS 75255 5
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TLO71, TLOT1A, TLOT1B, TLO72
TLO72A, TLO72B, TL074, TLO74A, TLO74B
LOWCNOISE JFETCINPUT OPERATIONAL AMPLIFIERS

SLOS080 — SEFTEMBER 1578 — REVISED MARCH 2005

abselute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage (see Note 1): Voo + 18V
Vce- =18V
Differential input voltage, V|p (see Note 2) 30V
Input voltage, V) (see Notes 1 and 3) +15V
Duration of output short circuit (see Note 4) Unlimited
Package thermal impedance, 8 (see Motes 5 and 6): D package (8 pin) 97=Crw
D package (14 pin) 86°CW

N package s0°Cw

NS package 76°CW

P package 85°CW

PS package 95°CIW

PW package (8 pin) 149°CwW

PW package (14 pin) 113°CIW

U package 185°CW

Package thermal impedance, 8¢ (see Notes 7 and 8): FK package 5.61°CIW
J package 15.05°C/W

JG package 14.5°C/W

W package 14.65°C/W

Operating virtual junction temperature, T 150°C
Case temperature for 60 seconds: FK package 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: J, JG, or W package 300°C
Storage temperature range, JTgig -65°C to 150°C

T Stresses beyond those listed under*absolute maximum ratings™ may cause permanent damageto the device. These are sfress ratings pply, and
functional operafion of the device at these or any other conditions beyond thos & indicated und er “recommend ed op erating conditions™ is not implied.
Exposure to abs olute-maximum-rated conditions for extended periods may affect device reliabil ity.

NOTES: 1...4H voltace values. exceotdifferential voltanes. are with resoect to the midooint between VCC+and VCC—.

3.
4.

Differentialvoltages are at IN+, with respectto IMN-.

The magnitude ofthe input voltage must neverexceedthe magnitude of the supplyvoltage or 15, whicheveris less.

The output may be shortedto ground ar to either supply. Temperature andfor supply voltages must be limited to ensure thatthe
dissipation rating is not exceeded.

Maximum power dissipationis a function of TJ(max), SJA, and TA. Themaximum allowable power dissipation at any allowable
ambienttemperatureis PD = (JJ{max) - TA}SJA. Operaling at the absolute maximum TJ of 150°C can affed reliability.

. Thepackagethermalimpedanceis calculated in accordance with JESD 51-7.
. Maximum power dissipationis a fundion of [ l(max), §JC, and TC. The maximum allowable power dissipation at any allowable case

temperatureis PO =(TJ{max)- TCWEIC. Operatingat the absolute maximum TJ of 150°C can affed reliakility.

. Thepackagethermalimpedanceis calculated in accordance with MIL-STD-883.

‘-” TexAs
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS. TEXAS 75265
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TLO71, TLOT1A, TLOT1B, TLO72

TLO72A, TLO72B, TLO74, TLO74A, TLO74B
LOWCNOISE JFETCINPUT OPERATIONAL AMPLIFIERS

SLOSNEDN - SEFTEMBER 1578 - REVISED MARCH 2005

elegtrical characteristics, Voot =115V (unless otherwise noted)

TLOTAM TLO74M
PARAMETER TEST CONDITIONST TAL TLOTZM UNIT
MIN TYP MAX| MIN TYP MAX
| ot vt 25°C 3 & 3 9
VIO nput offsetvottage VO =0, RS=50Q | Fyji range 3 5 my
Temperature coefficient of -
s.\,:n inputoffset voltage VO =0, R5=500 | Fullrange 18 =S I L) i o
o | et ot Vo0 25°C 5 100 5 100 D&
MPULOTEE U B Full range 20 20| na
| bi et 25°C 65 200 85 200 D
e nput bias curentf VO =0 =0 50 A
. -12 -12
VICR Golrt"m”'mde input 25°C =11 to +11 to v
voltagerange 15 15
RL=10 k0 25°C =12 =13k 12 135
Maximum peak output — _
VOM voltage swing RL=10k0 Full range =12 =12 v
RL=2k0 =10 =10
Largesigna differental 25°C 35 200 35 200 vimy
AVD voltageamplification VO o=Zi0V, RL =22 15 15
1 Unity-gain bandwidth k0 TA=25°C 3 3 MHz
I Input resistance Ta=25C 1012 1012 0
CMRR &i’irgmmmde rejection xlc?ftwﬂﬁs I 80 86 80 86 dB
KSVR SUF'DH‘-VC'“E-SIE FE!@DH VCC=Z0V1ioZ15V, 25°C a0 85 80 35 dB
ratio (ANVCCTIANVIO) WO =0 RS=500
Supply curent (sach -
[ amplifien VO =0, Mo load 25°C 14 25 14 25 mé
| voinoz?  Crosstalkattenuation AVD =100 25C 120 ‘_‘ 120 dB

TInput bias currents of an FET-input operational amplifierare normal junction reverse cuments, which are temperature sensitive, as shownin
Figure 4. Pulsetechriques must be used that will maintain th e junctiontemperature as close to theambient temperature as possible.
T All charactenstics are measured under o perdoop conditions with zero common-mode voltage, unles s otherwise specified. Full range is

TA=-88"C to 125°C.

{'? TEXAS

INSTRUMENTS

ROET OFFICE 50X 555303 @ DALLAS. TEXAS 75255
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TLO71, TLO71A, TLO71B, TLOT2
_ TLOT2A, TLO72B, TLO74, TLO74A, TLO74B
LOWCNOISE JFETCINPUT OPERATIONAL AMPLIFIERS

SLOSNB0 - SEFTEMBER 1878 - REVISED MARCH 2005

operating characteristics, Vot =115 V, TA=25°C

TLOT=xM ALLOTHERS
PARAMETER TEST CONDITIONS MIN e ek min Tvp UNIT
WMEX
SR Slew rate at unity gain WI=10V, RL=2k0, Wius
CL=100pF SeeFigure I 13 2 13
Rise-time overshoot Wi=20mY, RL=2 k0, — o Us
1T 13 0tof ~l =100 0F SEE ELOUrE 1 M M NG -
Equivalent input noise f=1LH 15 18 oyiH
m yoltage R5=2010 f=10H-{q 10kH - - yu
In Eﬂi:_j'em L . a. f=1kHz 0.01 0.01 pdAHz
o | Yems=EY, AVD =1, 0.003
THD  Total harmonic distortion f;=|_1gf'_|:n: RS=1k0, % 0.003%
PARAMETER MEASUREMENT INFORMATION
VO
Vi Vi
VO
CL=100pF RL=,.2kD
RL I CL=100pF
Figure 1, Unity-Gain Amplifier Figure 2, Gain-of-10 Inverting Amplifier
07
IN-
ouT
1IN+ N2
1
%1.5%’!
VCC-

Figure 3, Input Offset-Voltage Null Circuit

Q TEXAs
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75255
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KATEXX/KATEX KA

Electrical Characteristics (KAT805A)

(Refer to the test circuits. 0°C < Td = +125°C, lo =14 V 1= 10V, C =0.33uF, C 0=01pF, unless otherwise speci-
fied)

Parameter Symbol Conditions Min. | Typ.| Max. Unit
TJ=+25°C 4.9 5 5.1
Output Voltage Vo o =5mAto 1A, Po=15W 48 5 59 \
WVi=75Vto 20V ] ’
Vi=7.5V to 25V )
_ _ lo = 500mA ) 20
Line Regulation (MNote1) Regline | Vi=8V1io 12V - 3 50 mv
Vi= 7.3V to 20V - ] 50
Ty =+25°C
T Vi= 8V to 12V - 1.5 25
Load Requlation {Note ) TJ =+525,:? 194 ) ? 100
oad Requlation (Note 0= omAlo
Reaload "0~ 5mat0 14 : g | w0 | ™
[0 =250mAto 750mA - 4 50
Quiescent Current lQ TJ=+25°C - 50 6.0 mA
Qi c lo=5mAto 1A - - 0.5
Changa sla | Vi=BVio25V_Io = 500mA - - [ 08 ] ma
Wi=T7.5Vto 20V, Ty =+25°C - - 0.8
COutput Voltage Drift AVIAT | lo=5mA - 0.8 - m\/°C
. f=10Hz to 100KHz
Cutput Moise Voltage Vi Taz19550 10 - uWo
. A f=120Hz, o = 500mA
Ripple Rejection RR Vi= 8V to 18V 68 - dB
Dropout Voltage Vorop | lo=1A, TJ=+25°C - 2 - N
Output Resistance o f=1KHz - 17 - me
Short Circuit Current l=c Vi= 35V Ta=+25°C - 250 - mA
Peak Current 1= Ti= +25°C - 2.2 - A
Note:

1. Load and line regulation are specified at constant junclion temperature. Change in Vo due to heating effects must be take
into account separately. Pulse testingwith low dutyis used.

11
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HATEXX/KATEXXA

T KATE1S 1 ]
- » TEY
7 ——
= F 3
T‘n:u.l ovF Wl
f
1 w| 2 2aF L
4 I k
LU i)
- 3] KAT91S 3 -

Figure 15. Split Power Supply | #15V-1A)

) Omgm
Input
G
z
KATAXX
Figure 16. Negative Qutput Voltage Circuit
Imipaust [t ] ) A Oll'LElI.I‘I
$om 3o i,
n L] 3
- _]_ KATEXX —
L Sl LX) o
| ;.J‘: 20005
d:dm-
m il a7

Figure 17. Switching Regulator

24
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|
FAIRCHILD

]
SCMCONDUCTORS

www.fairchildsemi.com

KA78XX/KA78XXA

3-Terminal 1A Positive Voltage Regulator

Features

*Output Currentup to 1A

*Qutput Voltages of 3, 6, 8, 8. 10, 12, 15, 18, 24V
*Thermzl Owetload Protaction

» Short Circuit Protection

* Quiput Transistor Safe Operatmg Area Protection

Internal Block Digram

Description

The KATSXXEATSXXA series of three-terminal positive
regulator are  avalable m the TO-220/D-PAK package and
with several fimed output veltzges, mazkmg them useful m a
widerange of zpplications. Each type employs mtemal
current lmitmg, thermal shut down and safe operatmg arez
protection, mzking it essentizlly mdestructible. If adequate
heat smkmg 15 provided, they can deliver  over 1A output
current. Although designed primarily as fixed voltzge
regulators, these devices can be used with extamal
componsnts to obtzin adjustable voltages and currents.

D-PAK

o

1
1. Input2. GND 3. Qutput

TO-120

raruT SERIES CUTPUT
o PASS 2]
1l ELEMEMT E]
>
CURRENT fr=" s
G MERATORN PIOTECTION 'il
GTARTING RAEFERENCE ERRCF
L=l T W VOLTAGE AMEPLIFIER
-
-z
THERMAL -
PROTECTION
L
o —_ e
F

Rev. 1.0.0

22001 Fairchild Semiconductor Conporation
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KATSNEATINNA

Electrical Characteristics (KA7805A)
(Referto the test circuits. DaC = Td = +125.C lo =14, V1= 10V, C 1=0.33=F, C0=0.1=F, unless othervise speci-

fied)
Parameter Symbol Conditions Min. Tvp. Max. Unit
Td=+255C 49 5 51
OutputVoltage Vo I0=5mAto 1A, PO 15W 48 5 550 v
Vi=T7.5Vto 20V
Vi=7.5Vto 25V
10 =500mA ) > >0
Line Regulation (Mote1) Regline V=8V io 12V N 3 50 my
TU=+250C"1= {3\ o 20V - 5 50
VI=8V to 12V § 15 25
TJ=+25:C - g 100
[o=5mAto 1.54
Load Regulation (Mote1) Regload | |0=5mAto 1A - g 100 mv
|0 =250mAto 750mA - 4 50
Quiescent Current a] TJ=+25:C - 5.0 6.0 mA
) lo=5mAto 1A - - 05
gﬂ':;;’;”" Current -la [VI=8Vto 25V, 10 = 500mA - - 08 mA
VI=7.5Vto 20V, T =+25:C - - 08
Cutput Voltage Drift VLT lo= BmA - -0.8 - My oG
f=10Hzto 100KHz =VAVa
r'\uipnfh.lnicn\.fnlingn ATiIN] Fir=tas o 410
Ripple Rejection RR f=120Hz, 10 = 500mA - 63 - dB
Vi=8Vio 18V
DropoutVoltage VDrop | I0=1A, TJ=+25C - 2 - v
Qutput Resistance ro f=1KHz - 17 - M
Short Circuit Current IsC WI=35V, TA =+25.C - 250 - maA
Peak Current IPK TJ=+25:C - 2.2 - A
Note:

1. Load and line regulation are specified at constant junctiontemperature. Change inVO due to heating effects must betaken
into account separately. Pulse testing with low duty isused.

11
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EATIXNEATINKA

Typical Perfomance Characteristics

V=1t
I\I'a.-n'
o=8ma

1
-8 -8 -] k] 0 L 0o 1=
JUNCTION TEMPERATURE (*C)

Figure 1. Quiescent Current

Lae Vi Vam BV
Iy = Sk
§|m
g
E 1
H““‘H‘-
~

i L]

- - 28 o ) 50 ™ %0 125

JUHCTEOM TEMPERATURE (*C)

Figure 3. Qutput Voltage

‘CAMESCENT CURRENT

Ty=25%C
AWy = 100mYy

5

Figure 1, Peak Outpat Current

v T
T,=25°C
Vo=5¥
ga | o=10mA
L} —
-l-"""-p
.-"""'F'
58 /-‘-ﬂ-
= l
a5
&
s w " 0 B

INPUT VOLTAGE (V)

Figure 4. Quiescent Current
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EATIUHATINNA

Tvpical Applications

KATEXX -y

Co o
ans

m

Figure 5. DC Parameters

3

[-E=5

;-%» D

m

]

Figure 6. Load Regulation

a10

Ak

o Q

A0F
H
H,

20z
Figure 7. Ripple Rejection
Ingut ) y Cupul
o1 KATEXX T
IE
*Tow

Figure 8, Fixed Output Regulator
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EATIOUEATERNA

L
T

Figure 9. Constant Current Regulator

Notes:

(1) To specify an output voltage. substitute voltagevalue for™>}Xx." Acommon ground is required betweenthe input and the Output
voltage. The input voltage must remain typically 2.0V above the output voltage even during the low point on the input ripple
voltage.

(2} Clis required if regulator is located an appreciable distance from power Supply filter.

(3) GO improves stability and transientresponse.

Inzt . N uma
e KATSXX - o
1 2 o F
—|'g>a:t,r JE EFDT F
Fre
.,
£ BIQ
VO =\ 1+R2/IR1+IQR2
Figure 10, Circuit for Increasing Output Voltage
o |, . Cuip
o KATBOS o
. a
o co
] e __'D 1,F
Thanr ! —
3 108y
Pl

IRIz&IQ
VO =X 1+R2/IR1)+IQR2
Figure 11. Adjustable Output Regulator (7 to 30V)
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APPENDIX E

Software Development

Interface Design

[ /] Add/Update or Select Client

S ==
Client’s Info

° * Name ‘ Estabillo. Jan Mikael C. [ Select Mode  Period ()is not needed

o ° e.q. Dela Cruz, Juan C (At least 9 characterslf"‘°" ° °
iq sihee
° Contact Number — (opt.ona.\c

s 09:°7 or 6741 234°

Client Form (1) is the window interface for managing client information.

Client Group Box (2) encloses all input fields. Name label (3) is used to describe
the adjacent text box which is the Name Text Box (4) or Name Combo Box
(hidden behind Name Text Box). Name Text Box accepts any input and needs to
follow the format shown in the Name Label to avoid errors. The Name combo
box replaces Name Text Box whenever the Select Check Box (5) is checked and
automatically accesses the client record for information and indexing listed on
the items of the combo box. Altering Select Check Box immediately clears all
fields. Age Text Box (8) which is designated by the Age Label (7) accepts only

numeric values and has a maximum input of 3 digits. Contact Text Box (10)
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attributed by Contact label (9) is similar to Age Text Box except that it only
accept 0, 7, and 10-digit long numbers which are empty, landline, and mobile
numbers, respectively. Gender group box (13) is responsible for keeping only
one radio button checked. The group box consists of the Male Radio Button (14)
and Female Radio Button (15) to indicate a male and a female genders,
respectively. Select Button (16) is enabled only when select check box is checked
which exports the fields to the corresponding text boxes in Training Form and
transfers the control to the Training Form after closing the Client Form (1). If the
name inputted exists, the Add Button (17) updates fields (8), (10), (14), and
(15) and adds the client whenever the inputted name does not exist. Clear
Button (18) resets all fields and loads existing clients on the name combo box.
Delete Button (19) is enabled only when select check button is checked to avoid
errors such as no client exists or name is not valid. Back Button (20) cancels the

activity in client form and returns back to Main Form.

165




The main form (1) is the root menu of the application and contains all
possible activities the user can make. Main Group Box (2) encloses the major
activities the user can possibly do and contains Client Button (3), Training Button
(4), and Browse Button (5). Help Group Box (6) encloses guides and information

of the software containing Help Button (7) and SEAMs Button (8).

A () =)

Clicking this button allows you to manage clients’
information and then select a comesponding client
to manage his training information.

Activating this button will allow you to manage
the training information of the selected client or
the previously selected client .

Clicking this button will allow you to view all the
previously recorded training information of every
client in one window .

Help Form (1) is for giving instructions and guide about the major
activities to the user. Back Button (2) closes Help Form and returns to the root

menu.
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B seams 1 o) ® o |

SEAMs or Speed and Endurance Assessment
and Monitoring system seeks to record detailed
trainings of different individuals and assess their
endurance through the Karvonen Formula.

[v@mon 6.1(6.1.0.1)

Copyright 2011 SEAMs. All rights reserved.

The SEAMs Form (1) is responsible for giving the function and
information of the software application. Back Button (2) exits SEAMs Form and

returns to the root menu.

/] Training Graph

Graph Type Length of Training (days) Cument Day Resting Heart Rate (beats/min) Age Endurance Evaluation Client's Name Track Distance (meters)

] EN -

Y Y0 beats/min
A 0 beats/min

pet /s

Browse For File

The Training Form (1) is responsible for training information management. All

labels (5), (7), (9), (10), (13), (21), and (19) are used to describe the text box
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adjacent to them. Line Radio Button (3) and Bar Radio Button (4) specifies the
type of graph displayed on the picture box (16) where the Line Radio Button is
the default graph type. Text Boxes Training Length (6), Current Day (8), Age
(12), and Name (22) are always disabled and gets data from the client record for
display. Resting Heart Rate Text Box (11) only accepts numeric values from 50 to
100. Distance Text Box (20) accepts numbers only. Graph Picture Box (16) can
be dragged by clicking and dragging to a direction and displays graph, resting
heart rate, laps, lap times, days, training heart rate, and speed information,
interactively. Open Button (17) uses Windows’ open file dialog to search for the
data in the plugged-in USB flash drive. Refresh Button (18) redraws the picture
box whenever it is distorted. Back Button (23) prompts the user in saving the
training information and exits whenever necessary returning to the root menu.
Zoom In Button (24) is used to expand the length occupied by each day’s graph

while Zoom Out Button (25) is used to compress the length of graphs.

Graph Type Length of ifaining (days) Curment Uay
© Line @ Bar

Heart Rate = 92 ka2 /min
Resting HR
Speed = 1.2

3
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Browse Form (1) is similar to the Training Form except that the only enabled
fields are the Name Combo Box (14) and Training Number Combo Box (16).
Name Combo Box lists existing clients including those that do not have records
and notifies the user of the status of the client’s records. Training Number
Combo Box gets all the existing training record of the selected client on the
Name Combo Box. The Graph Picture Box (19) also has a dragging capability to
provide interactive feel to the user. Back Button (21) exits the form without

prompting the user for saving and returns to the root menu.
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BASIC DESIGN SPECIFICATIONS

Program Organization

Main Form

Trainee Form

Major Data Structures

Primitive Types

Browse Form

Training Form

Boolean — Expressions that are used during a True or False definition.

Characters — Data comprising characters and symbols.

Integers — Collection of signed numbers frequently used for counting

and indexing.

String — Sets of characters that are a major element in data storage.

170




Single — numbers with decimal values required in drawing rectangles in
a picturebox.

Arrays
Set of single decimal numbers to store lap times and heart rates during

the course of training.

Key Algorithms

Indexed searching — searching all existing trainees using a file that
gathers names every time they are added.

Unique counting — keeps track of the days passed during training and
the number of trainings a specific trainee has engaged in.

Parsing — reads a specific data format to translate them into readable

information.

Major Objects

Form (frm) — are main objects used hold the menus.

Label (Ibl) — are texts that describe the purpose of textboxes.

Textbox (txt) — are fields that let user input strings or numbers.

Group Box (grp) — are objects containing several other objects to treat

contained objects as one.
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Combo Box (cmb) — are objects which comprise of searched strings to
implement selection.

Radio Button (rdb) — are objects that serve as a Boolean for specified
fields.

Buttons (btn) - fields that serve as action confirmation during form
utilization.

Open File Dialog (ofd) - are objects that serve as a dialog box

whenever searching for a file.

Error Processing

The software prevents the occurrence of errors but miniaturized windows
are shown to display errors or shortcomings that bypassed the error prevention
scheme. Most of the messages are required to be read and immediately reverses

the action whenever prompted.

Performance

The program is incorporated with integrity using the Visual Basic
Programming Language. The overall robustness of the application is guaranteed.
Required fields are included to prevent data deficiency and a ‘n/a’ symbol to the
contact number whenever left blank. Windows are closed whenever a new
window is requested and entered to release resources and maximize memory

used by the unused window.
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DETAILED DESIGN
Screen Transition

H e [ = [==]

I Opening Training Info (==

| Add and Select a Client from 'Clients Form' before entering 'Trainings

y
@’ Form'

-

WA seams = & [

SEAMs or Speed and Endurance Assessment
and Monitoring system seeks to record detailed
trainings of different individuals and assess their
endurance through the Karvonen Formula.

[Clicking this button allows you to manage clients’
information and then select a comesponding client
e manage his training information.

Version 6.1 (6.1.0.1)

Copyright 2011 SEAMs. Al rights reserved

|Activating this button will allow you to manage
the training information of the selected client or
the previously selected client .

(Clicking this button will allow you to view all the
previously recorded training information of every
client in one window.
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H seam

P

Opening Browse Trainings

73 | Add and Select a Client from 'Clients Form' before entering 'History

y Form'
0K
v
i
B8 Add/Update or Select Client (=] &

Client's Info

* Name Estabillo. Jan Mikael C. B Select Mode  Period () is not needed

e.g. Dela Cruz, Juan C (At least 9 characters long)
e £
Contact Number _ {optional)

e.g. 09273233227 or 6741234

Female

=N O BTN TS

A

Adding/Updating Client

v

(5]

! . Do not leave required fields (*) blank

o)




B8 2Add/Update or Select Client [oll® >
Estabillo. Jan Mikael C. M Select Mode  Period ()is not needed
Selecting Client 3]
e.g. Dela Cruz, Juan C (At least 9 characters long)
sihae m P I Mo such Client existsjn our database
Contact Number _ {optional) <«
d
e.g. 09273233227 or 6741234 i
Female <
A
A A
. . " Adding Client ]
Updating Client (=3 e @
'0’ Client's Info Updated \_o\ Client added to the list |

=)

v

) . "Selecting Client
Deleting Client == .

\0\ Client and associated records have been deleted

L) -

ok |

Writing to File =

I lllegal characters in path. Please enter a valid name
| 2N

'Ql Invalid Resting Heart Rate (Must be within 50 and 100 Beats/min)

=

0K

o
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[ /] Add/Update or Select Client ol = &

Client's Info

* Name

* Age

Contact Number _ {optional)

H seam = || ==

Estabillo. Jan Mikael C. W Select Mode  Period () is not needed

e.g. Dela Cruz, Juan C (At least 9 characters long) Closing Training Form

e.g. 09273233227 or 6741234

lel Do you want te save the current training before closing?

X3

Ly JLow

Cancel

. Training Graph

Length of Training (days) Cument Day Resting Heart Rate (beats/min)  Ag: Endurance Evaluation Client's Name Track Distance (meters)
) ] [ @] Estabito. Aron Lervin C

Heart Rate = 100 beats/min Heart Rate = 92 beats/min
Resting HR = 50 beats/min Resting HR = 0 beats/min
Speed = 1.39 m/s

Browse For File




| /] Training Graph

Graph Type Length of Training (days}) Cument Day Resting Heart Rate (beats/min) Age Endurance Evaluation Client’s Name
oision - —

Heart Rate = 100 beats/min
Resting HR = 50 beats/min
Speed = 1.3 m/s

Heart Rate = 92 beats/min
Resting HR = 0 beats/min

{8} The minimum number of training days is 12
—» —

A
Checking program defaults (5]
1:0} Line Graph Chosen By Default
oK A
] Checking program defaults @

Reloading Graph @

I:QI You do not have anything to reload

Evaluating Endurance (=53]

! Mo graph to get data from

v
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H seam = || ==

[ /] Training History

Graph Type Length of Training (days) Cument Day Age Endurance Evaluation Client’s Name Training No.  Track Distance (meters)
oo~ ]m o] ettt on oG~ 1]
Heart Rate = 100 beats/min Heart Rate = 92 beats/min
Resting HR = 50 beats/min Resting HR = 0 beats/min

Browse Client Record @

':o:l The selected Client has no training record yet
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PDL - Program Description Language

Main Form @ @

e (o= ==

On Click — Client Button (1)
Load Client Form
On Click — Training Button (2)
Check if a client is currently selected
If yes
Hide Form
Load Training Form
If no
Cancel Loading
Notify user that no client is selected
On Click — Training History Button (3)
Check if a client is currently selected
If yes
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Hide Form
Load History Form
If no
Cancel Loading
Notify user that no client is selected
On Click — Help Button (4)
Hide Form
Load Help Form
On Click — SEAM Button (5)
Hide Form
Load SEAM Form
On Click — Close Button (6)
Close Main Form
End Program
On Click — Minimize Button (7)

Minimize Form
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Clicking this button allows you to manage clients’
information and then select a comesponding client
to manage his training information.

Activating this button will allow you to manage
the training information of the selected client or
the previously selected client.

Clicking this button will allow you to view all the
previously recorded training information of every
client in one window.

On Click — Back Button (1) or — Close Button (2)
Close Form
Return to Main Form

On Click — Minimize Button (3)

Minimize Form
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SEAM Form

—
B8 seams

>
J

oo ==

lVersjcn 6.1(6.1.0.1)

Copyright 2011 SEAMs. All rights reserved. °
BACK

SEAMSs or Speed and Endurance Assessment
and Monitoring system seeks to record detailed
trainings of different individuals and assess their
endurance through the Karvonen Formula.

On Click — Back Button (1) or — Close Button (2)

Close Form

Return to Main Form

On Click — Minimize Button (3)

Minimize Form
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Client Form

, O

B8 Add/Update or Select Client

L=
@@

* Name ° Estabillo. Jan Mikael C. [l Select Mode Period () is not needed

e.qg. Dela Cruz, Juan C (At least 9 characters long)
- Eem

cortat @) I )

e.q. 09273233227 or 6741234

[ /] Add/Update or Select Client =1 | G | >

Client's Info =

* Name Estabillo, Jan Mikael C - Select Mode

e.g. Dela Cruz, Juan C (A least 9 characters long)
.
Contact Number 09185434884 (optional)

e.q. (9273233227 or 6741234

On Load — Client Form (1)

Clear Fields()
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Clear Name Text Box (2), Age Text Box (4), Contact Number Text
Box (5), and Name Combo Box Text and Items (13). Uncheck Male
Radio Button (6) and Female Radio Button (7),
}
Check if client record exists
If not
Create a client record
Check if indexing record exists
If not
Create an indexing record
On Text Change — Name Text Box (2)
Appends and suggests existing clients
Check format of input
Notify user of the status of the input in relation to the client record
On Text Change — Age Text Box (4)
If input is not numeric
Notify user
Clear Age Text Box (4)
On Text Change — Contact Number Text Box (5)
If input is not numeric

Notify user
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Clear Contact Number Text Box (5)
On Selected Index Change — Name Combo Box (13)
Load Fields Age Text Box (4), Contact Number Text Box (5), Radio
Buttons Male (6) and Female (7)
On Click — Male Radio Button (6)
Check Male Radio Button (6)
Uncheck Female Radio Button (7)
On Click — Female Radio Button (7)
Check Female Radio Button (7)
Uncheck Male Radio Button (6)
On Click — Select Check Box (8)
If Select Check Box (8) is Checked
Show Name Combo Box (14)
Hide Name Text Box (1)
Enable Select Button (9)
Enable Delete Button(12)
Clear Fields()
List Existing Clients in the Name Combo Box (13)
{
Read clients from indexed record
Store them to Name Combo Box (13)

if no client is currently indexed
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Clear Name Combo Box (13) Items
}
If Select Check Box (8) is Unchecked
Hide Name Combo Box (13)
Disable Select Button (9)
Disable Delete Button (12)
Show Name Text Box (2)

Clear Fields()

On Click — Select Button (9)

If any of the fields with (*) is left blank
Cancel Selection and notify user

If Resting Heart Rate is not within the range 50 to 100
Cancel Selection and notify user

if client exists in the record
Register the client as the current selected client
Clear Fields()
Uncheck Select Check Box (8)
Hide Form
Load Training Form

If client does not exist

Cancel selection and notify user
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On Click — Add/Update Button (10)
If any of the fields with (*) is left blank
Cancel Add/Update and notify user
If Resting Heart Rate is not within the range of 50 to 100
Cancel selection and notify user
If name is invalid
Cancel Adding/Updating and notify user
If not
If client exists
Update the client’s record
If not
Add the client to the Record
Index the added client
On Click — Reset Button (11)
Clear Fields()
List existing Clients in the Name Combo Box (13)
On Click — Delete Button (12)
Delete all items that has the client’'s name on it including the indexing
record and currently selected record then notify user.
On Click — Back Button (14)
Close Form (1)

Return to Main Form
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On Horizontal Scroll — History Form (1)

Relocate all elements except Graph Picture Box (11)
Reload Training

On Vertical Scroll — History Form (1)

Relocate all elements
Reload Training

On Load — History Form (1)

Auto-Click Refresh Button (12)

Auto-Click Line Graph Radio Button (2)

Query Indexed Clients

Store Clients to Name Combo Box (8)

Select the first indexed client

Query Training Record of selected client

Store training numbers in corresponding combo box (9)

On Click — Refresh Button (12)

Load Currently Selected Training
Evaluate Endurance using Karvonen Formula

On Selected Index Change — Name Combo Box (8)
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Query Training Record of selected client
Store training numbers in corresponding combo box (9)

On Selected Index Change — Training Number Combo Box (9)
Query Training Record
If Training Record exists
Load Training
Update Fields Training Length Text Box (4), Current Day Text Box
(5), Age Text Box (6), and Endurance Evaluation Text Box (7)
If Training Record does not exist
Invalidate Graph Picture Box (11)
Notify User
On Distort — Graph Picture Box (11)
Reload Training and Fields (4), (5), (6), and (7)
On MouseWheel — Graph Picture Box (11)
If direction is upward
Expand graph length
Else if downward
Compress graph length
On Click — Back Button (13)

Close Form (1)
Return to Main Form

On Click — Zoom In Button (14)
Expand length of graph
On Click — Zoom Out Button (15)

Compress length of graph
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Training Form

/] Training Graph

Track Distance (meters)

Browse For File

On Horizontal Scroll — Training Form (1)

Relocate all elements except Graph Picture Box (12)
Reload Training

On Vertical Scroll — Training Form (1)

Relocate all elements
Reload Training

On Load — Training Form (1)

Query Selected Client Record

Update Fields Training Length Text Box (4), Current Day Text Box (5),
Resting Heart Rate Text Box (6), Age Text Box (7), Name Text Box (10),
Track Distance Text Box (11)
Load Training

On Text Change — Training Length Text Box (4)
If input is not numeric

Notify user
Clear Training Length Text Box (4)
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On Text Change — Track Distance Text Box (11)

If input is not numeric
Notify user
Clear Track Distance Text Box (11)

On Distort — Graph Picture Box (12)
Reload Training and Update Fields
On Click — Refresh Button (14)

If Training exists
Reload Training

If not
Notify user and invalidate Graph Picture Box (12)

On Click — Browse Button (11)

If Current Day is greater than Training Length
Ask user if a new training is necessary
If yes
Create new training record

If no
Reload Training

Else if Current day has an existing training
Ask user if replace is necessary
If yes
Replace current day training with selected data
If no
Reload training w/o replacing

Else if Current day has no training
Create Training Record
Load Created Record
On MouseWheel — Graph Picture Box (11)

If direction is upward

Expand graph length
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Else if downward
Compress graph length
On Closing — Training Form (1)

Ask user if saving is necessary
If yes
Save training data
If no
Close Form (1)
Return to Main Form
If cancel
Return to Training Form (1)
Reload Training

On Click — Zoom In Button (16)
Expand graph length
On Click — Zoom Out Button (17)

Compress graph length
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TEST CASE

Add / Update Clients Form

Entry Condition

Expected

Output

Actual Output

Name is blank Check Availability Message Please enter a name
Name already exists Check Availability Message Name is not available
Name is valid Check Availability Message Name is available

Name is invalid

Add / Update or Select

Error Message

Client added to the list / Illegal
Characters in path. Please enter
a valid name.

Name is blank

Add / Update or Select

Error Message

Do not leave required fields (*)
blank

Age is blank

Add / Update or Select

Error Message

Do not leave required fields (*)
blank

Resting Heart Rate is
blank

Add / Update or Select

Error Message

Do not leave required fields (*)
blank

Resting Heart Rate Not
in Range

Add / Update or Select

Error Message

Invalid Resting Heart Rate (must
be within 50 to 100)

Gender is blank

Add / Update or Select

Error Message

Do not leave required fields (*)
blank

Delete Clients Form

Clients Name is blank

Entry Condition

Select Delete

Expected

Output

Error Message

Actual Output

No such Client exists in our

database

Client Name is invalid

Select Delete

Error Message

Client and associated records
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have been deleted

Trainings Form

No Data Selected

Entry Condition

Select Evaluate

Expected

Output

Error Message

Actual Output

No graph to get data from

Length of training days

is blank or less than 12

Select Refresh

Error Message

The minimum number of training

days is 12

No Data Selected

Select Refresh

Error Message

You do not have anything to

reload

Invalid Selected File

Format

Select Browse For File

Error Message

Invalid File Format

Invalid Input

Training Length

Error Message

Only numerical inputs are

required

Training Length

Exceeded

Select Browse For File

Error Message

Today has exceeded the training
length. Do you want to start a
new training with the selected

file as your initial day?

History Form

Training Record of

client is empty

Entry Condition

Client Name Combo Box

Selection

Expected

Output

Error Message

Actual Output

The selected Client has no

training record yet
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DEVELOPMENT STANDARDS

Control Naming

CONTROLS PREFIX SAMPLE

Label Ibl IbIName

IblContact
IblAge

IbIRest

Group Box grp grpMain

grpHelp

grpGraph
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Button btn btnAdd
btnBack
btnEvaluate
btnDelete
btnClear
btnTraining
btnBrowse

btnInfo

Radio Button rdb rdbMale

rdbFemale
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APPENDIX F

Specifications of the Digital Blood Pressure used in the Testing

Omron HEM-773AC Package Contents
Omron HEM-773AC blood pressure monitor, cuff, AC adapter, 4 "AA" batteries,

built-in storage case.

o IntelliSense™ Automatic Inflation and Deflation Technology

o Fills arm cuff with air, releases pressure when measurement is complete.

« Pressure valve preset switch allows the correct cuff inflation level to be
determined before measurement is taken

o 2 person 21 memory recall date & time stamped for user

o Built-in compartment for convenient cuff storage

o Fuzzy Logic, automatically determines exact inflation level for each user

o Extremely easy to use

o Curved contour ComFit™ cuff provides user with a uniform fit to ensure
accuracy

o Cuff fits arms sizes 9" to 17" in circumference

« Systolic and diastolic blood pressure & pulse

« Features angled faceplate and extra large LCD panel for improved visibility

e Includes AC adapter

o Optional operation on 4 "AA" batteries (included)
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