
 

 
 
 
 
 
 
 

 
ABSTRACT 

 
A Networked Embedded Design for an Automated Exercise System 

 
Janna L. Morris, M.S. 

 
Mentor: Ian A. Gravagne, Ph.D. 

 
 
 In an effort to facilitate safe and affective workout programs, fitness centers are 

looking both to customers and leading experts on how to design workout systems.  One 

such industry leader is Curves International. 

 This thesis outlines the design on a networked, embedded controller for 

implementing a personalized workout built from the Curves circuit of discrete hydraulic 

exercise machines.  The design provides immediate user feedback, allowing users to 

evaluate their exercise goals.  Users also benefit from individual workout reports 

documenting each workout session with statistics from each machine in the circuit.  

Participants became familiar with the system over a two month testing period in a 

workout facility.  This thesis includes their experience and opinion of the efficiency of 

the network controllers and user interface. 
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CHAPTER ONE 
 

Introduction 
 
 

Purpose of this Study 
 

This project focuses on creating an exercise system that benefits users by 

providing consistent and accurate feedback on all of the machines and that motivates 

users to perform their best.  The purpose of this study is to design a networked control 

system and to demonstrate its functionality when implemented with real users.  

Participants are recruited to test and evaluate the system design.   

A group of exercise machines are individually equipped with an embedded 

control system capable of measuring and displaying user movement and are connected 

together in a local area network, LAN.  The networked machines are managed by a 

central server machine.   

 
System Layout 

 
 The system design goal is to enable a networked circuit of exercise machines to 

recognize and uniquely identify a participant, display her movement, and document her 

exercise session in a personal log.  For the purpose of implementing this design, a Curves 

International exercise circuit is incorporated.  The Curves circuit features machines with 

hydraulic cylinders for resistance and a circular layout of machines, as shown in Figure 1. 

This implies certain constraints on the design, including the size and position of 

embedded computer controllers, the ability to network between machines, and the 

method in which exercise participants are identified.  



2 

 

 
 

Figure 1: Curves International Exercise Circuit [1] 
 
 

The users of this system are Curves members; women who are trained in the 

proper method of using each resistance machine in the Curves circuit safely and 

effectively.  Implementation of the networked control system in the Curves circuit does 

not create any type of safety hazard, therefore it has little or no risk associated with its 

use.  In addition, no level of educational or technical expertise is required or assumed of 

the participants and they are not expected to be capable of maintaining or troubleshooting 

the system or its components.   

From the participant’s perspective, the networked circuit gives them an 

opportunity to receive feedback on how well they perform on each exercise machine.  

Unique identification numbers are assigned to each individual and linked to her personal 

profile and an exercise log of her workout sessions.  Each machine she gets on has a 

display showing her position, pace and other workout indicators based on her profile.  

Since a log of her workout is saved, she can later view graphs documenting her 

performance over time. 
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Chapter Descriptions 
 

 This thesis documents the layout, design and implementation of a networked 

embedded control system.  Chapter two presents an overview of the study and the 

requirements needed to successfully run the system.  Specific device characteristics are 

addressed in chapter three with detailed hardware and software descriptions of the 

embedded system and the server system.  The four displays designed for this project are 

individually discussed in chapter four.  Chapter five completes this document describing 

the construction and implementation of the system.  Results of how the system performed 

are also included with concluding remarks and suggestions for the future of this project.   
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CHAPTER TWO 
 

System Design 
 

 
The networked embedded design implements a personalized workout built from 

the Curves circuit of hydraulic exercise machines.  In the Curves program, a participant 

exercises on one machine for thirty seconds.  A typical workout session begins with no 

participant currently on the exercise machine.  Once a participant gets on the machine, 

she is automatically recognized using Radio Frequency Identification (RFID).  Other user 

recognition methods exist, including manually entry of a subject’s code or scanning a key 

card, but these take time away from the user’s workout, which is problematic since a user 

is only on a particular machine for thirty seconds.  Therefore, each user is identified by a 

ring or a necklace containing a RFID transponder that is worn by each participant during 

the workout.  Next, the participant is uniquely identified in a database query and her 

personal settings are returned to the machine.  While exercising, the display shows the 

user real-time feedback of her exercise.  Then, after 30 seconds, she gets off and her 

session on that machine is documented.  

 
Software Specifications 

 
 The software system requires a method of identifying individuals, monitoring 

their movement, displaying their progress and personal implementation, and storing their 

results.  This is achieved using two cooperative subsystems: an embedded system 

controller located on each exercise machine and a database system that responds to 

requests from each controller.  Figure 2 shows the layout of this system.   
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Figure 2: Machines with Embedded Controller and Server Computer [2] 
 
 
 The machine’s embedded control system is responsible for identifying each 

individual that approaches the machine and setting her customized workout settings upon 

starting an exercise.  The controller incorporates three peripheral devices, a RFID 

transceiver, a user display interface, and a position sensor.  The RFID system allows each 

member to have her own unique identification number.  Whenever a person gets on a 

machine, the RFID reader sends a serial signal to the controller which starts the exercise 

processes on the controller.  The display interface provides feedback to the user about her 

current workout performance.  If no one is on the machine, the display is set to sleep 

mode.  The position sensor is located inside the machine’s hydraulic cylinder and sends 

data serially to the controller.  With this information, the controller can accurately follow 

the user’s movements on the machine and formulate statistics.  Once the user stops and 

leaves the machine, the controller assembles the formulated statistical data and sends a 
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message documenting the workout session to the database over an Ethernet connection.  

This procedure is typical for every exercise machine. 

The database system, located on a central computer, contains user information 

and exercise profiles that document the results of a workout. It communicates with each 

machine’s controller and interacts with the documents and folders storing user profiles 

and statistic records.  The database system also maintains a current status listing of every 

controller currently connected to the network.   

Communication between devices is shown in Figure 3.  The embedded controllers 

use IEEE 802.3, Ethernet, physical connections to exchange data packets with the server. 

 

 
 

Figure 3: System Schematic 
 
 

An Ethernet hub connects all machine controllers and the database system into a 

local area network.  A cable connects one port in the hub to one machine controller in a 
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point to point configuration.  Other alternatives include linking one controller to the next 

in a daisy chain or connecting the system wirelessly, both of which would reduce the 

amount of clutter caused by cables.  Additional possibilities exist, but ultimately the 

decision of point to point topology was made based on its proven reliability.   

Linking communication lines directly from starting point to endpoint without any 

intermediary devices creates a dependable direct connection, which is an advantage in 

this project where requirements for communication between devices demand accurate 

and trustworthy connections.  The reliability achieved through the point to point topology 

helps guarantee data receipt and accuracy.  Wireless and daisy chain designs add 

complexity to the system increasing the risk of failure when transmitting data.  In a daisy 

chain, every intermediate device must protect the data from being corrupted.  The 

wireless communication also presents a security risk because messages can be intercepted 

as they are transmitted between machines or the server. 

 
Performance Requirements 

 
The nature of the Curves exercise circuit imposes some performance requirements 

for the embedded system and server.  The controllers must recognize a participant within 

two seconds of her getting on an exercise machine, which includes receiving the RFID 

data and finding her unique client profile.  The system must also log every participant’s 

workout in the correct database file.   

The display design requirements involve giving participants meaningful feedback.  

First, the display must present understandable information and display designs should 

motivate the user to perform at her best.  If she does not understand the information 

presented to her, the display is not achieving this objective.  Secondly, the display must 
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provide realistic and achievable goals for the user.  Finally, the display must not interfere 

with the circuit environment.  It must be out of the way of exercisers, not obstructing 

people moving between stations or on the machines. 
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CHAPTER THREE 
 

Device Characteristics 
 
 

Embedded System Hardware 
 

A controller and interface devices reside with each machine in the circuit.  The 

embedded controller requires a microprocessing unit capable of monitoring, 

communicating, and controlling three peripheral devices: a display, a position sensor, and 

an RFID system.  Functionality of the embedded system also requires the use of multiple 

communication ports including an Ethernet port, I2C port, and I/O pins.  The device must 

be easy to install, unobtrusive to the participants using the exercise equipment, reliable 

and require minimal maintenance.   

 
Controller Board 
 
 The controller on each machine is implemented using a Modtronix SBC65EC.  

Figure 4 shows the 2.3 by 2.125 inch board. This small size makes it easy to mount under 

the seat of an exercise machine in a self contained box where it will not inhibit a 

participant’s workout.  Communication options on the board include an Ethernet port, 32 

I/O pins, RS-232 port and I2C port.  Memory on the board includes 65 Kbytes of Flash 

and 2840 bytes of SRAM.  It has a power supply requirement of 7 to 35 VDC.  

Additional hardware can be connected using the Modtronix 40 pin daughterboard 

connector.  The onboard microprocessor is a Microchip 18F6621 PIC that can be 

programmed using the MPLAB ICD 2 In-Circuit debugger.   
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 Interfaces available with this board include 32 programmable I/O pins which can 

be separately controlled as inputs or outputs.  The digital pins have an output voltage of 

0V to 5V.  There are up to twelve analog inputs with eight or ten bit resolution available 

when configured by software.  Also, the RS-232 ports connect via a 3 pin Molex 

connector line driver/receiver interface.  The Ethernet capability is 10BaseT.  The 

Modtronix controller board comes with an EEPROM installed, but the EEPROM port can 

also be used as a socket for I2C signals if the memory is removed.   

 

 
 

Figure 4: Modtronix SBC65EC Controller Board [3] 
 
 

The Microchip 18F6621 PIC microprocessor has a clock frequency of 40 MHz.  

An advantage of using the Microchip processor is the extensive code archives and 

libraries available for use with the board, including a TCP/IP software stack [3]. 

 
Controller Daughter Board 
 
 The Modtronix controller board lacks some of the hardware needed to control the 

peripheral devices in the system.  Therefore, a daughter board was designed to mate with 



11 

 

the 40 expansion pins of the controller board.  It also includes the hardware required for 

“Power over Ethernet”, IEEE standard 802.11af, which is an additional feature of this 

embedded controller system.  A picture of the daughter board is included as Figure 5.   

 

 
 

Figure 5: Controller Daughter Board 
 
 
 By using power over Ethernet, the Modtronix board no longer needs a separate 

power cable input from an outside source. This is an important safety attribute in the 

workout facility because it reduces the number wires to the embedded system from the 

central database hub.  

 The controller interfaces with three devices: the RFID system, the cylinder 

position sensor and the display, each of which require a way to receive and send 

information with the controller.  This is achieved by RS-232, analog and I2C or TTL 

communication, respectively.  As the target embedded device, the controller manages all 

of the input and output messages.   
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RFID System 
 

The RFID peripheral system consists of two components, a transponder and a 

transceiver, or reader.  The transponder is a small passive tag which has no external 

connections.  It can be carried around independently of the system and is powered by the 

transceiver signal.  Transponders are available in different frequencies where each 

frequency implies a transmission range where it can be read.  For RFID signals with low 

frequencies, typically between 9 and 148 kHz, inductive coupling links the reader and 

transponder for short distances.  The magnetic field, or near field, is generated by the 

reader’s antenna.  It energizes the passive transmitter tag and the tag responds by sending 

data.   

In this study, two variations of transponder tags from RFID Inc. are used, as 

shown in Figure 6.  These transponders are low frequency tags, with frequencies of 125 

kHz.  To be energized in the reader near field, the tag must be placed in an antenna made 

from coiled wire and oriented parallel to the magnetic field. 

 

 
 

Figure 6: RFID Key Fob and Capsule Transponder Tags (Size Compared to a Quarter) 
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Users wear the transponders as a necklace and ring while working out, as shown 

in Figure 7.  The elastic ring is worn on a finger of the right-hand where the small 

transponder tag stays on the top of the finger.  The tags are programmed to the 

participant’s unique identification number.  In this figure, the ID number is 

0x010442A805. 

 

 
 

Figure 7: RFID Identification Tags – “Necklace” Key Fob Tag (left) and “Ring” Capsule Tag (right) 
 
 

The RFID reader consists of a reader board, which performs a small amount of 

signal processing, and a separate antenna coil.  To be compatible with our study, two 

different RFID antenna designs were developed: one in the shape of a handlebar, and 

another as a flat panel.  For the handlebar reader, shown in Figure 8, the participant holds 

the metal handlebar placing the elastic ring worn on the user’s finger inside the antenna 

coil.  The user’s transponder tag remains in range throughout the entire workout and it is 

read at discrete time intervals as she grips the handle.  The reader board is placed into a 
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gap cut in the metal cylinder base.  A mechanical drawing of the RFID handlebar is given 

in Appendix B. 

 

 
 

Figure 8: Handlebar RFID Reader 
 
 

For the flat panel, shown in Figure 9, the rectangle coil is enclosed in a 

rectangular channel cut in the plastic and the ends of the coil connect with the reader 

board.  Participants scan their transponder by holding it next to the enclosure at the center 

of the coil for two to three seconds.  As opposed to the handlebar RFID where the tag is 

read intermittently, the panel identifies the user by reading the tag once and assumes she 

remains at this machine for thirty seconds. 

The RFID system is installed on or near each exercise machine in the network.  

Three different mounting places were selected: a handlebar where the participant grips it 

with her right hand, on a stand near the machine, or under the exercise machine’s seat.  

Figure 10 shows these three mounting positions. 
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Figure 9: Flat Panel RFID Reader 
 
 

 
 

Figure 10: Mounting the RFID Units – Handlebar (left), Stand (center) and Under the Seat (right) 
 
 
Linear Position Sensor 
 
 Every exercise machine in the Curves circuit has one or two hydraulic cylinders 

to provide resistance using a pressurized liquid.  The cylinders work in two directions of 
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motion, so resistance is present throughout the entire workout.  A Temposonics® C Series 

Modular Linear-Position Sensor, model 551020E, is placed inside one resistive cylinder 

of each exercise machine used in this study to track the participant’s movement.  Figure 

11 is a picture of this sensor.   

 

 
 

Figure 11: Temposonics® C Series Modular Linear-Position Sensor [4] 
 
 
The length of the sensor’s plastic tube is 194.3 mm, or 7.65 inches.  As a magnet slides 

along the tube, its position is reported as an analog voltage to the controller.  With a 

voltage range of 0 to 4.8 V, one inch in movement along the tube will result in a nominal 

voltage change of 0.627V.  Pins at the base of the sensor connect it to the embedded 

controller [4]. 

 The enclosure at the base of the sensor is fit into the end cap of the redesigned 

resistive cylinder, as shown in Figure 12.  The sensor tube is placed inside the cylinder 

rod with the magnet attached to the end of the rod.  As the rod moves due to the 

participant exercising on the machine, the magnet attached to the end of the cylinder rod 

changes position with respect to the sensor tube and the participant’s new position is 

recorded. 
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Figure 12: Cylinder with Linear Position Sensor 
 
 
Displays 
 
 The third peripheral device is a machine display.  In this project, four different 

display units were designed.  Three of the displays are mounted with the exercise 

machines in the Curves circuit including a “name and pace” display, a “combination” 

display, and a “knee” display; these displays show real-time progress information.  A 

fourth display, the kiosk display, gives participants detailed feedback about their overall 

performance with information from all of the exercise machines used.  It is located 

outside of the circuit and therefore not part of the embedded system on an exercise 

machine.  The four display units are shown in Figure 13.   
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Figure 13: Four Display Units 
 
 

Embedded System Software 
 

The software states for the embedded controller are shown in Figure 14.  The state 

diagram begins by initializing the board and other embedded devices.  Then it loops 

continuously through two states: the Update State and the Workout State.  These states, 

plus the interrupt code, comprise the entire embedded system logic.   
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Figure 14: Embedded Controller States – Specifically for the Name and Pace Display 
 
 
Embedded Controller Functions 
 

After initializing, the main loop executes the Workout State Machine.  It is 

comprised of two substates, the Profile Substate and the Exercise Substate, as shown in 

Figure 15.  A substate change is triggered by an ID change event.  The controller is 

always holding one current identification value, which defines who is on the machine.  

This ID can be either a participant’s number or the default number given to indicate no 

one is exercising on the machine.  Therefore, the ID number changes immediately from 

one value to the next when someone gets on or off a machine. An ID change results in the 

exercise state transitioning to the profile state.  The profile state then begins preparing the 

embedded system for the new user by setting the display screen, initializing statistics 

values, and coding the personal workout values.   
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While a participant is holding a tag in the range of the RFID reader, the RFID 

reader sends, at regular intervals, a stream of characters representing the ID number in the 

  
 

Figure 15: Machine Workout States 
 
 
form of a half duplex RS-232 serial bit stream at 9600 baud.  The character stream 

consists of ten hexadecimal digits framed by ‘\n’ start and ‘\r’ stop characters.  When a 

character is received, the interrupt handler loads the character into the RFID Rx buffer.  

Once the entire ID is received, it is compared with the previously held ID value.  An ID 

change is signaled only after a new ID number has been received three times in a row.   

After an ID change, the new user’s personal settings are retrieved and set in the 

controller.  First, a block of cache memory containing a list of twenty ID numbers is 

searched to determine if the controller already has settings for this new ID number.  If 

found, the user’s name, pace and range-of-motion are accessed.  If this user’s ID number 

is not found in the cache, it is requested from the database server.  A UDP message is 

created with the user’s ID number and transmitted to the server IP address 192.168.0.54.  
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The server then responds with a broadcast client packet of the form: {client ID number, 

client name, machine A settings, machine B settings, machine C settings, etc.} to all 

machines in the circuit.  Each controller’s data cache has an ID number, user name, pace, 

motor, high and low range-of-motion entries and the controller saves only the settings for 

its machine type.  Any time a broadcast client packet is received, it is added into cache 

memory, even if this controller was not the embedded device that made the request.  

Therefore, during a circuit workout a participant’s profile only needs to be requested once 

from the server database and then it is sent to all the embedded controllers.  This reduces 

the number of Ethernet packets being sent on the LAN.  After receiving the settings, they 

are added into cache memory as the newest profile by overwriting the oldest profile.  

Each personal setting entry in cache has a profile number signifying what order they were 

all added into the cache.  Therefore, when this new ID is added, it is numbered profile 1. 

Then, all the other profile numbers are incremented and profile number 20, the oldest, is 

the first profile to be written over.  

Once the profile values are set, the controller transitions to the exercise state 

where it remains until the participant ID changes when the user leaves the machine.  

From this point, each controller is updating a user’s workout statistics based on her 

motion on that particular machine.  This requires frequent sensor updates.  

Statistic calculations are regularly updated throughout the participant’s workout 

on a machine.  Some of these values can be seen immediately on the machine’s display, 

while other averages and totals are accumulated and sent to the server to be stored in the 

user’s database file when they finish the workout.  Calculations include velocity, 
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maximum and minimum position, number of repetitions, average distance of motion in 

one direction, power and workout duration.   

The cylinder sensor sends the cylinder position to the controller board as an 

analog voltage.  An eight-bit value is read from channel 1 of the analog-to-digital 

converter, (ADC).  Each ADC value read has a 20 μs acquisition time delay with 120 μs 

delay between consecutive reads.  The eight-bit resolution gives position values between 

0 and 255.  The conversion between the position value and inches in length is 33.47 ADC 

value to 1 inch based on the sensor’s length and voltage range.  This means that the 

current position value is accurate to 0.03 of an inch.  This exceeds the accuracy 

requirements for any of the change in position computations.  Therefore, an alternate 

current position value was created with the position scaled down by 4.  Reducing the 

precision of the position readings increases the accuracy of the change in position 

calculations by eliminating noise from the least significant bits of the position reading.  

Without scaling the position down, an ADC reading from an unmoving cylinder, which 

should be a constant, will give varying results usually with a difference in the hundredths 

of an inch.  This noise also occurs when the cylinder is moving.  Over time, these noise 

variations add up to significant additions to a user’s total movement calculation.  

Therefore, the position is scaled down to a change in position that is meaningful for 

tracking participant’s movements on an exercise machine. 

Statistics are updated every 200 ms.  When a participant first gets on a machine, 

all values are set to zero and remain zero until she has moved at least one-half of an inch.  

Then, measurements are made beginning with the cumulative cylinder displacement.  As 

the participant continues to exercise, the distance she has moved over the past 200 ms is 
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determined using the difference between the current and previous position values.  This 

change in position is added to the total displacement sum until the participant finishes 

working out on the machine.  Other measurements include the current and maximum 

velocities.  These calculations use an array of 10 change-of-position values, in a circular 

buffer.  The current velocity is the sum of the array values divided by two seconds, which 

gives the total distance in terms of ADC bits per second.  If the current velocity 

calculation exceeds the currently held maximum velocity value, it is stored as the new 

maximum. 

The first time a participant uses a specific networked exercise machine, she is 

flagged by the server database and the embedded controller is notified that a new user 

setup process must be executed instead of the normal exercise process.  During the setup 

phase, the participant’s pace and range-of-motion are calculated as she works out on the 

machine for twenty seconds.  After this time, her workout measurements are sent to the 

server and stored in her profile for that machine in the database client file.  Range-of-

motion values are the absolute minimum and maximum position sensor ADC readings.  

Pacing refers to the user’s speed, formulated as the number of times the user changes her 

direction of movement while exercising.  This is the same as twice the number of 

repetitions she does in an evaluation period of twenty seconds.   

Once the pacing and range-of-motion values are setup for a machine, they are 

used for all future workouts.  High and low range-of-motion bound the user’s movement.  

The current position can be referenced to the upper and lower bounds and an exact 

placement in her range can be found and displayed.  The pacing value gives an ideal 

velocity or speed estimate for the current user on the machine. This ideal is compared to 
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the known current speed and the displays use a ratio of the two values as feedback to the 

participant of how well she is performing.  

When the participant finishes exercising, she leaves the machine and the 

controller either times out from the 30 second workout clock or recognizes an ID change 

to another user’s number or the default no user number.  At this point, her workout is 

complete and all of her statistics are assembled and sent to the database server. 

The Update State performs the updates, measurements and configurations needed 

to execute the Workout State.  The TCP/IP software stack allows the controller to send 

and receive UDP messages over an Ethernet physical link to the server.  By using DHCP, 

each machine is assigned a unique IP address every time it comes on the network without 

the controller software having to hard code a permanent one. 

The software watchdog timer is also reset in the Update State.  If the timer is not 

reset, the controller is assumed to have stopped performing correctly and the software 

resets and re-initializes the system.   

 
Embedded Controller Interrupts 
 

The interrupt code completes the embedded system logic.  Interrupts occur every 

time a set timer overflows or a USART message is sent or received.  Interrupt processes 

are shown in Figure 16.   

 With the embedded controller’s PIC microprocessor running at a frequency of 40 

MHz, the timer registers are updated at a rate of 10 MHz, one-forth of the clock 

frequency because of the oscillator’s HS-PLL setting.  Timers 1, 3, and 4 are 16-bit 

registers so they will overflow every 216 Ticks or, at a rate of 10 MHz, 6.5536 ms.  Timer 

parameters can be set to customize the exact time the registers overflow.  Pre-scalars are 



25 

 

used to divide the clock rate and initial register values are used to set the initial timer 

value rather than starting at 0x0000.   

 

 
 

Figure 16: Interrupt State Chart 
 
 

Timer0 updates the board time variable Tick.  Its function is to turn on and off the 

Modtronix board’s red led in ½ second intervals, indicating the board is powered on and 

continuing to process.  Timer1 controls display updates and pacing calculations.  Using a 

prescaler of 1:8, timer1 is set to interrupt every 33 ms.  Every time an interrupt occurs, 

the high and low timer1 registers are reset to initial values of 0x5E and 0xDE 

respectively. 

Timer2 delays turning on the RFID transceiver during board initialization.  When 

combined with some sets of peripherals, power requirements of the embedded system 

caused failures when initially powering on.  Therefore, the RFID transceiver is set to turn 

on after the first 2.56 seconds of controller power initialization.   
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Timer3 monitors the time between USART serial input characters from the RFID 

transceiver, allowing the embedded controller to accurately determine the status of a 

machine exerciser and the state of the RFID peripheral system.  The controller state 

machine for interfacing with the RFID system is shown in Figure 17.  An interrupt occurs 

whenever data is sent to or from the RFID peripheral device.   

 
 

 
 
 

Figure 17: Controller USART Receive States 
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Each time a serial message from the RFID unit is received, the timer3 register is 

reset.  Therefore, an overflow will only occur when no data has been received within the 

timeout interval.  This interrupt signifies that no valid transponder is within range of the 

RFID sensor.  After several interrupts, the status of the RFID unit is checked by sending 

it a message and waiting for a response.  Receiving characters “OK” verifies normal 

operation, but if no characters are returned, the controller restarts the RFID system by 

turning off the device power for ½ second, then restoring power.   

Since current cylinder position is the only measurement recorded by the 

embedded system, accurate velocity calculations are dependent on keeping precise time 

measurements.  Timer4 indicates time for statistics updates.  It is set with a 16:1 pre-scale 

and generates an interrupt every 0.4 ms.  Statistics are updated every 200 ms.  

 
Server 

 
 
Database Storage 
 

The client file and four user statistics directories are all located inside one 

database folder, as seen in Figure 18.  The database client list stores all current users of 

the exercise system.  User profiles can be accessed by opening the “clients.txt” file.  The 

participant’s 10 digit hexadecimal ID number begins each line, followed by her name and 

settings for each exercise machine.  Exercise machines are labeled by letter.  So in Figure 

19, letters A, B, and C represent three different machines in the circuit.  With each 

machine letter are 10 digits that can be separated into the participant’s pace, motor 

position, and low and high range-of-motion settings.  The information is comma 

delimited, so the file can be easily imported into Microsoft Access.  Upon importing the 
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file, the user profiles will be organized into tables that can be arranged for quick 

reference.  For Linda, her pace for machine A is 12, low range-of-motion position is 71 

and high range-of-motion position is163, as shown in the figure.  Range-of-motion values 

 

 
 

Figure 18: Server Directory 
 
 
are based on the analog-to-digital value received from the position sensor and therefore 

can be any number between 0 and 255.  Everyone has a set motor position of 22, which is 

ignored in the current design. 

 

 
 

Figure 19: Client File 
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The user statistics text files are stored in separate directory folders, each 

containing workout reports for users within a specific range of identification numbers.  

User statistics documents are evenly divided between for directories to reduce the storage 

size of one directory.  Inside directories dir1 through dir4, the individual workout reports 

are filed by a participant’s RFID number.  Figure 20 shows the workout reports stored in 

dir2. 

 

 
 

Figure 20: Statistics Directory 
 
 

In a report, all of the entries are time-stamped, indicating when the server logged 

the statistics.  Each row is a separate entry that contains the workout statistics for that 

session.  The document is continually updated with new statistics as the user works out.  

Figure 21 is an example of one participant’s exercise statistics report.  This document 

logs her performance on each machine used in the circuit throughout the study.  It 

includes information such as the date, time, exercise machine letter, cumulative 

displacement, maximum and minimum displacement, average displacement, maximum 
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velocity, number of repetitions, average power and time duration.  For example, on 

Friday, 15 September 2006, participant 010442A52D, whose statistics are shown in the 

log below, worked out on machine ‘A’ at 8:49 am.   She caused the resistive cylinder rod 

to move a total of 74.875 inches while working out on this machine.  Her maximum 

displacement in one direction, or stroke length, was 4.625 inches, minimum was 3.25 

inches, and average was 3.25 inches.  The maximum velocity she achieved while 

exercising was 2.375 inches per second.  She performed a total of 9 repetitions and 

generated an average power of 3.6 Watts.  She spent a total of 25.6 seconds exercising on 

this machine.  All of these values represent the measured movement within the right 

resistive cylinder of machine ‘A’.  Zeros are logged for each of the left cylinder statistics 

because the system is only tracking one cylinder on each machine at this time.   

 

 
 

Figure 21: User Workout Report 
 
 
Server Design 
 

The server and embedded controllers communicate using the UDP datagram 

protocol.  UDP is a simplified Ethernet communication protocol.  Other options including 

TCP could also be used.  UDP was chosen as the communication protocol in this project 
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because of the reduced overhead required to exchange messages and the controller’s 

ability to compensate for dropped or missed messages on the network. 

The server software is divided into three functions, including the main function, 

the message processing function and the maintenance function.  The main function 

receives all UDP packets sent to the server IP address of 192.168.0.54.  It then decides 

whether the message is a client packet or an embedded controller status report and sends 

the message to either the message processing or maintenance functions accordingly.  

Figure 22 is the server program’s debug interface where text output to this window 

indicates the receipt and processing of packets. 

 

 
 

Figure 22: Server Window 
 
 

Processing requests for display names and storing statistics are performed in the 

threadwork class.  The embedded controllers send client packets to the server every time 
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an ID change occurs, with information about the new and previous IDs.  Packets have the 

format shown in Table 1, with each value delineated by a comma. 

 
Table 1: Controller Request Packet 

 
Packet Data 

new subject's 10 digit hex identification number 
previous subject's 10 digit hex identification number 

cumulative displacement for the right cylinder 
cumulative displacement for the left cylinder 

absolute maximum displacement for the right cylinder 
absolute maximum displacement for the left cylinder 
absolute minimum displacement for the right cylinder 
absolute minimum displacement for the left cylinder 

average displacement for the right cylinder 
average displacement for the left cylinder 
maximum velocity for the right cylinder 
maximum velocity for the left cylinder 

number of repetitions for the right cylinder 
number of repetitions for the left cylinder 

average power for the right cylinder 
average power for the left cylinder 

total time for the right cylinder 
total time for the left cylinder 

 
 

Since the message contains both a display name request and an old ID with 

statistics, the data is split and two processing threads are started.  One thread is 

responsible for handling the display name request using the new subject’s ten digit 

hexadecimal identification number.  If this ID number is the default ID, the process 

thread will end immediately.  Else, the threadwork class takes the new subject’s ID 

number, opens and searches the client text file and parses out that subject’s display name 

and machine settings.  The display name and settings are then broadcast to all the 

controllers on the LAN.  The other thread processes the old ID and corresponding 
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exercise statistics.  Statistics are appended to the end of individual files corresponding to 

the participant’s ID number. 

The maintenance function sends a status request to every controller connected to 

the network by broadcasting ‘Z’ at the address 255.255.255.255.  All of the controllers 

respond by sending their configuration and status back to the server.  The first part of the 

return packet contains: display status, RFID status, right cylinder sensor status, left 

cylinder sensor status and machine type followed by the board’s voltage status: voltage, 

maximum voltage and minimum voltage.  The embedded controller’s configuration 

follows with the display configuration, RFID configuration, right cylinder sensor 

configuration, left cylinder sensor configuration and the number of cylinder sensors.  

Values from the response packet are written to the server interface command window.   

The server has a list of every known controller IP address on the network.  Each 

IP has an associated counter named “noResponseCounter”.  It tracks how many times a 

specific controller has not responded to maintenance requests.  When a controller 

responds to the status request, the noResponseCounter is cleared; otherwise it is 

incremented by one.  If the controller has not responded five times consecutively, a 

warning message is issued to the command window that a controller with the given IP 

address is not responding and has timed out of the network list.   
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CHAPTER FOUR 
 

Display Design 
 
 

Four display designs were constructed for subject testing in this project: a name-

and-pace display, a combination display, a knee display and a kiosk display.  Three are 

mounted on or near separate exercise machines in the circuit, with the kiosk being outside 

the circuit.  Each display varies in layout as well as complexity of software processing 

capabilities.  The following sections describe each display individually. 

 
Name and Pace Display 
 
 Participants using an exercise machine with a vacuum fluorescent display, VFD, 

receive feedback in the form of a pacing bar.  The pacing bar shows the user her ideal 

pace, retrieved from her profile.  Bars move horizontally across the display indicating 

two positions: the position where she is currently and the position where she should be in 

her motion.  While working out, the goal is to keep the bars lined up as they move across 

the screen.   

Figure 23 is a picture of the VFD pacing display.  It is a two line, 16 character 

display.  When a participant is working out on the machine, the top line shows her name, 

while the bottom line is split between the horizontal pacing bar on the upper half and 

current position bar on the lower half.  A participant can track her position, velocity and 

her range-of-motion by watching the screen.  The bars extent match her range-of-motion, 

so the far right and left characters refer to the extremes in her movement range.  The 

range values are specific for each machine as are the pacing values.   
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Figure 23: Name and Pace Display 
 
 
 The embedded controller board performs all of the data processing for the name 

and pace display.  The state machine in Figure 24 illustrates the data flow.  Timer 4 of the  

Microchip PIC processor interrupts the control software every 0.4 ms.  Counters compare 

the number of interrupts with the individual’s pacing value and add another ideal pacing 

box to the pacing bar if a user is currently on the machine.  If no one is on the machine, 

the interrupt causes the screensaver to move one character over.  The Microchip PIC 

processor limits the type of function calls that are possible during interrupts to reduce the 

chances of recursion, i.e. the interrupt processing routine calling itself.  It is for that 

reason that the serial data packet sent from the controller is generated during the Update 

State.  In this state, the controller calls a function to fill the character buffer, with either 

the user’s name and pace bar or the logo/screensaver showing “BAYLOR”.  The Update 

State will also transmit the character buffer to the display if the screen data has changed.   

The VFD is mounted in a self contained box on a stand.  When installed at a 

Curves site, it was noted that this display requires the embedded controller to be placed 

within a short distance of the VFD input pins due to serial data being corrupted when 

traveling over long cables.  Figure 25 shows the Modtronix controller board, daughter 

board and cable connections to the name and pace display, RFID reader board and 
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cylinder position sensor.  The controller boards and display are held in the box and 

mounted on top of the stand as shown in Figure 26. 

 
 

 
 
 

Figure 24: Embedded Controller State Chart for the Name and Pace Display 
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Figure 25: Embedded System and Cables for the Name and Pace Display 
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Figure 26: Name and Pace Display and Stand 
 
 
Combination Display 
 
 The second display is the combination display, shown in Figure 27.  The purpose 

of this display is to allow the user to see her pacing speed, current position, number of 

repetitions and heart rate while she is working out.  This display has the most detailed 

information of the in-circuit displays with three sets of feedback elements: two bi-colored 

LEDs, a single color vertical LED array and three seven segment LEDs. 

 

 
 

Figure 27: Combination Display 
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The two bi-color LEDs at the top of the display are velocity indicator lights.  The 

LEDs change color corresponding to the user’s current speed.  If a participant is currently 

moving at a velocity close to her stored ideal pace, the lights will turn green.  If moving 

too slowly, the participant will see orange lights or too fast she will see red lights.  The 

goal of the colored lights is to have a motion indicator that can be interpreted at a glance 

and will not overwhelm a user with too much information.   

The center set of LEDs is a motion bar graph, where a vertical bar moves up and 

down in accordance with the user’s movement on the exercise machine, showing the user 

her current position in the motion range.  The graph will hit the upper and lower limits of 

the position graph corresponding to the range-of-motion extremes of the current user.  

The bottom most element of this display is a three digit seven segment LED.  This 

alternates between showing the current number of repetitions and a hypothetical heart 

rate of the participant.  While the number of repetitions shown is accurate, the heart rate 

is not a real measurement of the participant’s current heart rate value, but serves as a 

future design option.   

The combination display hardware uses a Philips SAA1064 4-digit LED-driver 

with I2C bus interface, shown in Figure 28.  The driver is designed to multiplex between 

four seven segment displays, but in this project is used to connect several different sets of 

LEDs.  Turning on a pin of the driver pulls the line low, turning on the LED.  On the top 

left of the schematic, labeled as 3, is the LED position array [5].  The three seven 

segment numerical digits are labeled 1, 2, and 3.  Five is the bi-color LEDs, which 

indicate current velocity ranges.   
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Figure 28: Combination Display Schematic [5] 
 
 

The color value for the velocity indicator LEDs are calculated using the previous 

and current velocity measurements.  For the first two seconds a participant is on the 

machine, the indicators are green, showing the user she is at her ideal pace.  After that 

time, if a user previously had green, the limits for staying green are widened, making it 

easier to stay within the green range.  Anywhere from 45% to 135% of her ideal pace, the 

indicators show the user green lights.  For speeds over 135% the display shows red lights 

and speeds under 45% the display shows orange lights.  The orange light is generated by 

switching the bi-colored LED between green and red at a 140 Hz.  Different color ranges 

occur if the user was not previously in the green limit.  The red upper bound is set at 
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125% and the orange lower bound at 65%.  These ranges are designed to allow the user to 

fall easily into her ideal speed range and remain there throughout the entire exercise. 

The embedded controller communicates with the display using I2C signals.  The 

embedded controller software acts as the master transmitter and receiver and the 

combination display is the slave device.  When a user is on the exercise machine, the 

controller sends signals indicating which LEDs to turn on using a 7-bit address write 

frame, as shown in Figure 29.  The frame begins with the slave address of the display, 

0x70, followed by an instruction byte is sent, 0x00, which tells the chip to update every 

pin of the driver and the control byte, 0x57, which sets the driver in dynamic mode where 

it quickly alternates powering on different hardware connections. 

 

 
 

Figure 29: I2C Packet Format [6] 
 
 

The display responds to every frame in the packet with an acknowledgement bit.  

Four bytes of data are sent to the Phillips chip every time the display is updated.  The first 

data value is the ones digit on the number-of-repetitions seven segment LED.  The 

hundreds digit values come next, followed by the position in the LED array.  Last is the 

tens digit value.   
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The combination display fits into the brackets of the white stand, as shown in 

Figure 30.  The RFID transceiver is mounted either on the stand with the combination 

display or as the right handlebar of the machine.  

 

 
 

Figure 30: Combination Display and Stand 
 
 
Knee Display 
 
 The knee display combines the velocity indicator colors with a position LED 

array, allowing the user to see her position and pacing range in one glance.  It is the 

smallest of the displays designed for this project.  Colors show how fast the participant is 

moving on the machine with respect to her pacing value stored in the database.  Too fast 

and the indicator lights turn red.  Too slow and they turn orange.  This allows the user to 

correct her speed until she sees green indicator lights, which signify her correct pace.  

Figure 31 is a picture of the knee display.   
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Figure 31: Knee Display 
 
 

Like the combination display, the knee display hardware is controlled by a 

Phillips SAA1064 LED driver, as shown in the Figure 32 schematic.  The LED position 

array is labeled as both 1 and 2.  The first is connected to turn the LEDs red and the 

second to turn the LEDs green.  For red or green, the driver will receive one position byte 

and one byte of zeros.  If the position array is orange, the driver receives two position 

bytes and it switches between powering the two connections at a 140 Hz causing the red 

and green to appear orange.   

 The controller sends a five byte I2C packet to the display driver chip, starting with 

the slave device address 0x70, then the instruction byte 0x00.  Next is control byte 0x57.  

The last two bytes are a combination of the LED array position and the velocity color.  

The first is the position value if it is green or orange position array, else it is zero. The 

second is the position if it is orange or red, else it is zero.  Color ranges are the same as  
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Figure 32: Knee Display Schematic [5] 
 
 
the ones used in the combination display.  During the first two seconds on the machine, 

the display defaults with green indicator lights.  After that time, a speed of 65% to 135% 

of the current user’s stored pacing value causes green.  Any velocity measurement above 

135% gives red or below 65% gives orange when the user is already in the green color 

range.  Once outside of the green range, the upper and lower limits change to 125% and 

65% respectively.   

The knee display is housed in a 1.775 by 1.3 inch box enclosure.  To attach it to 

the seat, the stand connects to the base of the seat and holds the knee display tilted up 

toward the exerciser making it easy to see from a seated position.  Both the stand and box 

are shown in Figure 33. 
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Figure 33: Stand and Display Box for Knee Display 
 
 
 The knee display is fit into its transparent container and is mounted under the 

middle of the seat, as shown in Figure 34.  For this display, the RFID is mounted either as 

the right handlebar of the machine, attached under the right side of the seat or placed on a 

stand to the left of the exercise machine. 

 

 
 

Figure 34: Mounting the Knee Display 
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Kiosk Display 
 
 The kiosk is the only display not connected directly to any single exercise 

machine.  It is placed outside the exercise circuit and uses a computer monitor to give a 

participant feedback on how well she performed on each machine.  As shown in Figure 

35, the kiosk display presents feedback to participants on a computer monitor.   

 

  
 

Figure 35: Kiosk Display and RFID Flat Panel Reader with a Necklace Tag 
 
 

The kiosk is linked to the server database, thereby allowing the kiosk program to 

generate extensive calculations of the participants’ exercise results and progress over 

time.  Figures 36 and 37 are screenshots of the kiosk display.  When no one is using the 

kiosk, the first screen appears which lists instructions for how to use the display.  A 
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participant is instructed to place her RFID necklace tag on the flat panel reader by the 

computer so it can be read.  An embedded controller then identifies her and the computer 

program running the kiosk begins reading all of the statistical data available for this user.  

Since the kiosk communicates directly with the server database, statistics for each 

machine can be formulated and posted for the participant to view.  The second screen 

shot shows the kiosk graphs. 

 

 
 

Figure 36: Kiosk Instruction Screen 
 
 
 At the upper left corner of the kiosk feedback screen is the participant’s name.  

Then five graphs are presented, each showing a different statistical calculation of her 

performance including the average range-of-motion, the number of repetitions, the total 

displacement, the power and the number of calories.  Each graph represents the results 

from a 30 second workout on three different exercise machines: the chest back, the leg 

extension, and the shoulder press.  For each machine, two or three bars are shown.  The 

red bars, appearing on the left, are results of the current day’s workout.  If a participant 

used a specific machine more than once, the statistics are averaged for that day.  The blue 
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Figure 37: Kiosk Graphs 
 
 
bars, appearing on the right, show an average of the statistical data over time.  Two of the 

graphs also have green bars appearing on the far right, which show the user her target 

values as defined by her personal settings.  
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CHAPTER FIVE 
 

Testing Procedure 
 
 

The project was implemented at a Curves International exercise site on the Baylor 

University campus in Waco, Texas.  Fifty-six subjects were recruited for the study to test 

the networked design for eight weeks.  At the end of the study, participants completed a 

survey.   

The project implementation section describes the system layout, set up and 

operation.  Survey results are presented in the second section describing the participant’s 

feedback.  Project conclusions end the chapter with project results, achievements and 

weaknesses of this design and future suggestions. 

 
Project Implementation 

 
 

Project Layout 
 

Pictures of the Baylor University Curves facility are shown in Figure 38.  

Members alternate between an exercise machine and a recovery pad station every thirty 

seconds.  The circuit is completed twice in this workout.   

Three machines, the chest back, shoulder press and leg extension, were networked 

with the embedded control system and placed in the Curves circuit.  Figure 39 shows 

these typical Curve’s machines.  When a participant reached one of these machines in the 

circuit, she was instructed to use her personal RFID tags with the available reader and to 

watch the machine’s display screen.  During portions of the project testing, alternate  
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Figure 38: Curves International, Baylor University 
 
 

 
 

Figure 39: Chest Back, Shoulder Press and Leg Extension Machines [2] 
 
 
designs of the shoulder press and leg extension were added to the circuit.  They are 

shown in Figures 40 and 41.   

Participants receive a RFID ring and necklace when they enter the study.  

Ring/necklace pairs are shown in Figure 42.  The RFID tags are set to the same ten 

hexadecimal identification values, so they can be used interchangeably.  The ring tag is 

designed to be used with the handlebar reader mounted as the right handlebar or attached 

under the seat.  The necklace is held next to the panel RFID reader.   
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Figure 40: Alternate Shoulder Press Design 
 
 

 
 

Figure 41: Alternate Leg Extension Design 
 
 
 The network layout has two components which must be customized for each 

machine: the machine’s reference code and RFID reader type.  Each of the exercise 

machines are given a letter code in order for the network devices to differentiate between 

them.  In this project, the chest back machine is letter ‘A’, the shoulder press machine is  
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Figure 42: Necklace and Ring Identification Tags 
 
 
letter ‘B’ and the leg extension is the letter ‘C’.  Slightly different controller software is 

required for the two RFID types, handlebar and flat panel, due to the method they use to 

determine the presence of an exerciser and the timing of their serial messages.  For the 

handlebar, the RFID board periodically reads the transponder tag when a user is present 

and sends a message to the controller board every second with the tag identification 

value.  Therefore, the controller software is set to receive serial packets from the RFID 

system frequently whenever a tag is present.  The controller knows a participant has left 

the exercise machine when it stops receiving the serial messages.  Alternately, the flat 

panel RFID system is designed for the participant to hold her tag in the antenna field for a 

short period before starting to exercise.  This causes the RFID board to send the 

identification value to the controller for a few seconds.  Thus, the controller software 
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does not rely on a periodic stream of RFID ID messages to signify a participant is on the 

machine, but rather uses a thirty second timer to count her time on the machine.  She is 

automatically logged off the machine when the thirty seconds times out.   

Two different machine and display arrangements were tested.  The first was the 

combination display on a stand with the chest back machine, the knee display attached to 

the redesigned shoulder press machine and the name and pace display mounted on a stand 

with the redesigned leg extension machine.  The shoulder press and leg extension systems 

used a handlebar RFID reader with a presence timeout, meaning a participant was logged 

into that system until she removed her hand from the handlebar reader.  The chest back 

system had a stand RFID reader and the display automatically logged off the user after 30 

seconds.   

The second arrangement had a knee display attached to the chest back machine 

and also the shoulder press.  A stand reader was placed with the chest back machine, so 

the user was instructed to swipe her necklace ID once and then the system would 

automatically log her off after thirty seconds.  The name and pace display remained with 

the leg extension machine.  The handlebar reader was used with both the shoulder press 

and leg extension.   

At the end of the project testing period, participants were given the opportunity to 

evaluate the system by completing a survey questionnaire.  The key elements of this 

survey were the display systems and circuit setup preferences.  Participants were asked to 

assess the display’s feedback characteristics such as real-time feedback versus delayed 

feedback, the layout of the display and the mounting position of the display. 
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Setup 
 

Setup involves assembling the system software and hardware.  The software is 

loaded on the controller board and the server database. To program the controller boards, 

a MPLAB ICD2 In-Circuit debugger is used.   The ICD programming cable connects to 

the Modtronix board con3 interface as shown in Figure 43.   

 

 
 

Figure 43: ICD2 Programmer and Modtronix Pins [7] 
 
 
 Software for the server database is given in Appendix C.  An executable image of 

this program was created using Microsoft Visual Studio.Net.  When implementing this 

project, the server software is loaded on a PC located outside the circuit with an Ethernet 

hub used to connect the three networked machines and the server.    

Hardware includes the machine controller system and the server computer.  Each 

machine requires a controller board, daughter board, RFID system with an antenna and 

reader board, resistive cylinder with a sensor, and display, as laid out in Figure 44.  
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Additional materials needed are cables, mounting containers, stands, and RFID 

transponder tags. 

 

 
 

Figure 44: Embedded System and Peripherals: Controller Board, Daughter Board,  
RFID and Linear Position Sensor 

 
 

Figure 45 is a daughter board labeled with the four cable connections to 

peripheral devices.  The daughter board plugs into main controller board with con1 and 

con2 connectors shown in the figure.  Four-wire serial cables connect the RFID reader 

and the linear position sensor to the daughter board.  A cable connects the name and pace 

display to the daughter board at display connection 1.  The two other displays are 

connected to the Modtronix board.  Figure 46 shows the I2C port connection, labeled as 

Display Connection 2, for the knee and combination displays.  The controller board is 

connected to the server hub using a cable to the Ethernet hub. 
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Figure 45: Daughter Board PCB 
 
 

 
 

Figure 46: Modtronix Board PCB 
 
 
 The embedded controller and daughterboard with cables for each peripheral 

system is shown in the picture of Figure 47.  The Modtronix control board fits with the 

fabricated daughter board and cables connect to the peripheral devices.  An embedded  
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Figure 47: Embedded Control System 
 
 
controller is installed on each of the three exercise machines to the underside of the seats 

using an enclosure.  A drawing of the enclosure is shown in Appendix B. 
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The RFID reader board has two output pins connected on the side of the package. 

The reader and antenna connectors used in this study can be seen in Figure 48.  The 

connection on the left is to the antenna.  On the right is a connection to the daughter 

board.  The antenna connection is not polarized.  

 The networked control system is installed on each exercise machine.  The 

Modtronix controller and daughter board are placed in an enclosure and screwed to the 

underside of the seat.  The position sensor is installed inside the newly redesigned 

resistive cylinder and mounted in place of the original cylinder on the machine.  Stands 

for each display are placed around the machine or attached to it. 

 

 
 

Figure 48: RFID Reader Board 
 
 
Operation 
 

Upon arriving at Curves, participants retrieve their personalized RFID tags from a 

board in the office. The board with subject tags is shown in Figure 49.  Daily operation of 

the networked system requires powering on and off and checking the system.  The 

embedded controllers are powered and monitored using a powered Ethernet connection. 
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Figure 49: Subject RFID Tags 
 
 
The following pictures show participants using the networked exercise machines.  Figure 

50 is a participant on the redesigned leg extension machine watching the combination 

display.  Figure 51, shows a participant using the chest back machine with the knee 

display. 

 

 
 

Figure 50: Leg Extension with the Combination Display 
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Figure 51: Chest Back with the Knee Display 
 
 
Figure 52, is of a participant working out on the shoulder press machine.  This machine 

has the knee display and uses an RFID handlebar attached under the right side of the seat. 

 

 
 

Figure 52: Shoulder Press with the Knee Display 
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Survey Results 
 

 After eight weeks of working out using the machine network and displays, 

participants were asked to complete a survey.  The survey is given in Appendix A.  It 

consists of twelve questions with rating, ranking and short answer sections mainly 

focusing on opinions about the different displays used in the Curves circuit.  There were a 

total of 34 surveys returned by participants.  Answers to all open ended questions are also 

available in Appendix A.   

 
Survey Question 1 
 
 Question one simply asks the participant how many times a week she works out at 

the Curves facility.  The average participant exercises 2.9 times a week.  It can be 

concluded therefore that each person used the networked machines about a total of 23 

times during the eight week study. 

 
Survey Question 2 
 

Question two focuses on the four different display designs: name and pace, 

combination, knee and kiosk.  The results are posted in Table 2.   

 
Table 2: Display Results 

 
Display Preference Weighted Preference Rank #1 Privacy

Name and Pace 3.9 197 13% 3.8 
Combination 4.4 346 42% 4.2 

Knee 3.8 233 21% 4.5 
Kiosk 4.3 265 25% 4.2 

 
 

Participants gave each display a preference value from 1 to 5 depending on how 

well they liked the display, with 1 being “dislike” and 5 being “like”.  Overall, each 

display was rated highly with the combination display being the favorite.  The kiosk was 
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found to be the second favorite, with the name and pace and knee display coming in a 

close third and forth.  Figure 53 is a graph of the preference results.   

Question two also asks participants to rate the display privacy.  Privacy results are 

also shown in Figure 53.  Each display can be seen from varying distances, depending on 

where it is mounted.  Therefore, one component of our survey was to see whether 

participants felt their workout feedback was sufficiently protected on the display screens 

as well as how greatly they valued the privacy of their workout feedback.  Privacy results 

are an average of how participants rated each display from 1 indicating “poor privacy” to 

5 indicating “excellent privacy”.  Results indicate that participants think the bar graph 

display protects their privacy the best, while the name and pace display has the worst 

privacy of the displays, although it is better than average. 
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Figure 53: Display Preference and Display Privacy 

 
 

Next, participants rank the displays from 1 to 4 with 1 being their “favorite” 

display and 4 being their “least favorite”.  The Rank #1 column on Table 2 lists the 

percentage of participants who ranked each display as their favorite.  41.7% of the 
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participants responded that the combination display was their favorite in this study.  The 

second favorite was found to be the kiosk display, with 25.0% of the people saying it was 

their favorite.  The knee display was ranked third at 20.8% and in forth place was the 

name and pace display at 12.5%.  Figure 54 is a pie chart showing the division of the #1 

rankings. 
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Figure 54: Display Rank – Percentage of Participants who Ranked  
Each Display as her Favorite 

 
 

The final portion of survey question 2 is a weighted preference.  The weighted 

preference combines both the participant’s ordering of the displays from “least favorite” 

to “favorite” and the preference value from 1 to 5 indicating how strongly they “liked” or 

“disliked” the display.  For this calculation, the rank given by each user is inverted, 

causing the largest number to represent their favorite display, and then multiplied by the 

preference.  These values were totaled for each display and are given in Table 3 as the 

Weighted Rank values.  The best display, according to the participants, has the largest 

value, with the values descending for second, third and last place.  Figure 55 is a graph of 
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the weighted preference results, which differ from the preference results above.  In this 

case, the knee display gains third position, with the name and pace display becoming the 

least favorite. 
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Figure 55: Weighted Display Preference 
 
 
Survey Question 3 
 
 Question three of the survey asks participants to rate how well they liked 

individual elements of the displays.  The purpose of this question was to disassociate the 

elements from the display on which they appear.  Table 3 shows the preference and 

privacy results for each display element.  Preference is based on a rating from 1 to 5, for a 

1 being “dislike” and 5 being “like”.  Name and pacing bar are elements of the name and 

pace display.  The combination display has the multi-color LEDs representing velocity, 

single color bar graph showing position, and heart rate elements.  The knee display 

contains the multi-color bar graph.  Figure 56 graphs the preference results. Every 

element falls into the 3.5 to 4.6 range signifying that the users liked every display 
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element.  The seven segment element showing the current number of repetitions is the 

favorite with the name and multi-colored LED position graph as second and third.   

 
Table 3: Display Elements Results 

 
Element Preference Privacy
Name 4.3 4.0 

Pacing bar 3.9 4.4 
Multi-color Led 4.3 4.3 
Single-color bar 3.6 4.1 
Multi-color bar 4.1 4.3 

Heart Rate 4.1 4.3 
Number of Reps 4.6 4.3 

 
 

Figure 56 also displays the privacy results.  The name element received the lowest 

privacy score due to the personal nature of this information and how visible the display is 

to surrounding exercisers.  While the knee display rated high for privacy in the previous 

survey question, the multi-color bar graph which makes up the knee display is given the 

second lowest privacy value, which might be attributed to participants not being 

concerned with where the display is mounted or how it is laid out, but rather their overall 

privacy concerns. 

Question three also focuses on how often participants referred to the displays.  

Users responded at what times during the 30 second exercise they looked at different 

display elements.  Each line in the Figure 57 graph is one display element over thirty 

seconds.  The value at each 5 second time interval is the percentage of participants 

looking at the element at that moment in time.   



66 

 

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0

Name Pacing
bar

Multi-
color

Indicator

Single-
color bar

graph

Multi-
color bar

graph

Heart
Rate

Number
of Reps

Element Preference Element Privacy
 

 
Figure 56: Display Element Preference and Privacy 
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Figure 57: Element Timing in 5 Second Intervals –  
Times When Subjects Look at Each Display Element 



67 

 

On the timing graph, the most notable elements are the name and pacing bar from 

the name and pace display.  The name element is watched by users immediately upon 

getting on the machine during the first five seconds.  After that time, a few participants 

report to only having glanced at their name 15 to 20 seconds into their exercise.  This is 

expected since most users want to verify their name is correct to insure that their specific 

profile and settings have been activated. Also, the name element does not change while 

the user is exercising.  Therefore, one glance at the beginning of the workout is sufficient 

feedback.  The pacing element is watched the entire workout since the constantly 

changing information is critical for performing accurately on this machine.   

Users paid attention to, but did not solely focus on, the multi-color bar graph of 

the knee display.  One subject stated that “the color combinations are easier to monitor 

while talking to others, I think, as they just take a glance.” This is the goal of the knee 

display design, to allow participants to interact with other exercisers on the circuit while 

working out and still being able to receive feedback from a machine display. 

 
Survey Question 4 
 
 Survey question four presents seven scenarios for taking a heart rate 

measurement.  Four times during a typical Curves circuit workout, exercisers are told to 

stop what they are doing and take their heart rate by counting heart beats either at their 

wrist or neck over a ten second interval.  Users can then compare their heart rate to a 

chart displaying ten second values appropriate for different age groups.  By finding a 

heart rate measurement, exercisers can get a sense of how well they are performing.  

Participants responded to each statement with a preference value from 1 to 5 for how 
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strongly they agree, where 1 is “strongly disagree” and 5 “strongly agree”.  The seven 

heart rate statements are given in Table 4 with preference results. 

 
Table 4: Heart Rate Preference Results 

 
Heart Rate Option Preference

I would like to see my heart rate displayed on one or two machines. 4.0 
I would like to see my heart rate displayed on every machine. 3.4 

I would be willing to wear a heart rate monitor around my wrist. 4.1 
I would be willing to wear a heart rate monitor around my chest under my 

shirt where it is making contact with the skin. 2.6 

I would be willing to wear a heart rate monitor around my chest if it is 
significantly more accurately than the wrist monitor. 2.9 

I would be willing to wear a heart rate monitor around my chest if it is 
significantly more accurately than the wrist monitor. 2.4 

I like the current Curves method of taking my heart rate. 3.4 
 
 
 Statements one and two focus on how often participants want to have their heart 

rate measured.  Preference results, shown in Figure 58, indicate that subjects want their 

heart rate shown on one or two of the exercise machines in the circuit.  They feel less  
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Figure 58: Heart Rate Method Preference 
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strongly about having it on every machine.  In order to get a heart rate measurement, 

participants are willing to wear a heart rate monitor around their wrist, but show 

reluctance to wear the chest monitor, a value which only slightly increases with the 

accuracy of the chest heart rate reader.  Subjects like the current method of taking their 

heart rate, although many commented how they did not participate during the heart rate 

measurement times during their circuit workout.   

 
Question 5 
 
 While participating in the study, each subject is given a ring with the small 

capsule RFID tag and a necklace with the key fob RFID tag and instructed to wear them 

during their workouts.  In survey question five, subjects rate both types of user 

identification tags from 1 to 5 with a 1 for “dislike” and a 5 for “like”.  The average 

preference values are shown in Table 5 and graphed in Figure 59. 

 
Table 5: RFID Tag Preference Results 

 
Identification Preference 

Ring ID 4.6 
Necklace ID 3.6 
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Figure 59: Identification Preference 
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 Question five continues by asking participants for an explanation for any low 

preference values, usually a 1 or 2.  Users responded with complaints about the necklace 

ID stating it often “gets annoying while jumping around on the recovery platforms.”  

Overall, participants preferred the ring over the necklace identification because it is 

smaller and “easier to deal with.” 

 
Survey Question 6 
 
 After asking which type of identification tag they preferred in question five, 

participants are asked in question six where they prefer the RFID reader to be mounted.  

The three options are attaching the RFID reader to the exercise machine handlebar, 

mounting it on a stand or attaching it under the machine’s seat.  Preference results are 

given in Table 6 and graphed in Figure 60. The handlebar identification reader is rated 

the highest.  This relates to the tag results from question five since the handlebar is the 

identification type associated with the ring tag. 

 
Table 6: Identification Location Results 

 
Location Preference 

Handlebar 4.4 
Stand 3.6 

Under the Seat 3.4 
 
 
 If a participant rated the handlebar, stand, or under the seat RFID reader location 

low, she was asked to explain why.  No comments were given for the handlebar location.  

Mounting the RFID reader on a stand required participants to hold their necklace in front 

if it for several seconds before they could get on the machine and continue exercising.  

Many responses subjects addressed this extra motion and how it interfered with their 

workout routine. One participant stated:  “It was much easier to get on the machine and 
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Figure 60: Identification Location Preference 

 
 
grab the handle and start.  Sometimes I would forget to hold my necklace up to the stand 

and then I’d have to get off the machine and start over.”  Other subjects stated they “kept 

forgetting then had to get off the machine” to activate the system and it is “hard to get 

to.”   

 Participants commented that using the RFID reader mounted under the seat is “too 

much of a hassle” since “the under the seat location is hard to find quickly sometimes.”  

Mounted under the seat, the reader is hidden from view and some participants 

commented that this was a problem because they “like to see everything.”   

 
Survey Question 7 
 
 Question seven focuses on the kiosk display.  Participants rate from 1 to 5 the five 

graphs that appear on the kiosk display, including the average range-of-motion graph, 

total displacement graph, number of repetitions graph, power graph and calories graph.  

Preference results are given in Table 7 and graphed in Figure 61. 
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 Number of repetitions, power and calories are the highest rated graphs.  Some 

participants liked these values the best because they are the easiest to relate to and 

therefore give them understandable feedback and attainable goals. 

 
 

Table 7: Kiosk Graphs Results 
 

Graph Preference 
Range of Motion 3.9 

Total Displacement 3.9 
Number of Reps 4.3 

Power 4.3 
Calories 4.3 
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Figure 61: Kiosk Graphs Preference 
 
 
Survey Question 8 
 
 Question eight addresses participant’s opinions of where displays should be 

located.  Displays can be mounted on the exercise machines and can also be available 

outside the exercise circuit at a kiosk.  Three arrangements exist: a kiosk available at the 

end of the workout session with no display mounted on or near any machine, a kiosk 

available at the end of the workout session with a display mounted on or near every 
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machine, or no kiosk available at the end of the workout session with a display mounted 

on or near every machine.  Table 8 lists participant’s feedback for the display 

arrangements. 

 
Table 8: Kiosk Display Results 

 
Display Option Preference Rank #1 

Only Kiosk 3.2 28% 
Kiosk and Displays 3.9 62% 

Only Displays 2.6 10% 
 
 
 Preference results are shown in Figure 62.  Participants prefer having both the 

kiosk and machine displays.  If only one display option exists, subjects prefer having only 

the kiosk to having only the displays on the exercise machines.   
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Figure 62: Kiosk and Exercise Machine Display Preference 
 
 
 Question eight also asked participants to rank the display arrangement options in 

order from 1 to 3, where 1 is their favorite and 3 is their least favorite.  The percentage of 

subjects who ranked each arrangement option as their favorite is given in Table 8 and 
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graphed in the Figure 63 pie chart.  With 62.1% of users ranking it as number 1, the kiosk 

and machine displays option is again the favorite, which coincides with the preference 

results. 
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Figure 63: Kiosk Display Rank - Percentage of Participants who Ranked  
Each Kiosk Option as their Favorite 

 
 
Survey Question 9 
 
 Question 9 of the survey focused on where the displays are mounted, either on a 

stand next to the exercise machine, attached to the seat of the exercise machine, or at a 

kiosk outside of the exercise circuit.  When mounted on a stand, the display is set at eye 

level for most participants.  The seat display requires the user to look down.  All three 

display mounting options are presented in Table 9 with the preference results and the 

number of participants who ranked each option as their favorite.  Figure 64 graphs the 

preference results. 
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Table 9: Display Location Results 
 

Location Preference Rank #1 
Stand 4.1 60% 
Seat 3.4 17% 

Outside Circuit 3.5 23% 
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Figure 64: Display Location Preference 

 
 
 The favorite position for mounting the displays is on a stand, followed by 

mounting it at a kiosk outside the circuit.  Mounting the display to the machine’s seat was 

preferred the least.  Participants gave several reasons for rating the seat attachment low 

including that they have problems seeing it while sitting and that it obstructs their ability 

to get on and off the exercise machine.  The stands placed the display out of the way for 

users to get on and off the machines and also allowed them to talk with other people 

exercising while still being able to see the display. 

 The percentage of participants that ranked each display as their favorite is shown 

in the Figure 65 pie chart.  It coincides with the preference findings, with the majority of 

participants liking the display mounted on a stand the best. 
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Figure 65: Display Location Rank - Percentage of Participants who  
Ranked Each Display Location as their Favorite 

 

Survey Question 10 
 
 Survey questions 10, 11 and 12 are short answer questions.  Question 10 asked the 

participants to describe any additional elements they would like on a display and explain 

why.  A limited number of responses were given for this question.  One is that the 

combination display should have a multi-colored position array instead of the single 

color. Another participant suggested that any additional elements for the displays should 

be kept simple. 

 
Survey Question 11 
 
 Question 11 asked participants to describe any display elements they did not like.  

Participants listed the pacing bar from the name and pace display as an element they did 

not like because it is “hard to get in sync with.”  One participant added that, “I don’t 

believe the pace bar is helpful.” 
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Survey Question 12 
 

The final question in the survey asked for any additional comments or suggestions 

from the project participants.  Some responses were pertained to a specific display or 

display element.  One was, “I felt the lights were good motivators”, referring to the knee 

display’s multi-colored position array.  Another suggestion is to “Email the kiosk info or 

print it out to take home.”   

Many participants responded with positive comments of how the display feedback 

has improved their Curves circuit workouts.  One subject stated, “I tended to work better 

on monitored machines.”  Another said, “This program was informative and helped me in 

obtaining the goals I set for myself and to strive to improve my workout. I appreciate 

being a part of this study.”  Other comments include that it is “good to have some way to 

keep up with progress in Curves workout” and the displays are “excellent – show 

feedback during exercise. This helps to keep me working up to a better than my pace. I 

know I’ll improve my strength and cardio vascular fitness.”  “I like the immediate info on 

how I am doing… Good motivator.” 

 
Conclusion 

 
 
Design Achievements 
 
 This design achieved all of the requirements set forth for this project.  The 

exercise machines were proven to recognize and uniquely identify each participant in the 

study.  The machines were able to display the movement of exercisers and give 

participants meaningful accurate feedback of their performance.  The system also 
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successfully documented every exercise session in personal client files.  Participants were 

overwhelmingly enthusiastic of the exercise system. 

 
Design Weaknesses 
 
 The most obvious weakness is the massive number of cables required to link all of 

the devices in the system.  Having cables scattered across the floor of an exercise facility 

is a drawback in the project design because of the dangers posed by their presence.  In 

addition to the possibility of tripping over the wires, exercisers might accidentally 

disconnect a cable causing a system failure.  Eliminating or reducing the problem of 

cable clutter must be addressed in future designs of this system. 

 
Future Suggestions 
 

After implementing this design successfully, possible improvements are apparent.  

The addition of dynamic client settings would be beneficial for long term use of this 

network design.  Other improvements are the inclusion of cylinder actuators to vary 

resistance of the cylinders, networking the database server system over the internet, and 

providing hard copy printouts of statistics results to participants.   

Once a participant proves her achievement of a pace or range-of-motion setting, 

they would be updated automatically by the system in order to increase the level of 

difficulty.  One participant suggested this, stating “It would be good to re-test every so 

often to see if the personalized settings change with time. That is, use the data to look for 

developing fitness as one exercises over time at Curves.” 

As with pace and range-of-motion, individualized user settings could also include 

a resistance value allowing for varying resistances between participants.  Using actuators 
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in the machine’s cylinders, changing resistance could be automated and performed at a 

fast enough rate that users would not notice the resistance change occurring.  User 

settings in the database could be accessed anywhere worldwide if the server was set up 

with internet capabilities.  By making it internet accessible, exercisers could enter any 

workout facility and be recognized by their unique identification number.  The final 

suggestion is that participants be able to receive a print out of their kiosk graphs. 
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APPENDIX A 
 

Subject Testing 
 
 

Subject Consent Form 
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Survey 
 

Name and Pace Display 
 
Display shows the user’s name and a pacing bar. 
Display is attached to a stand.  The user is identified 
by inserting her ring into the handlebar reader. 
 
 
 
 
 

 
Combination Display 

 
Display shows a pacing color (red, green, or orange), a 
moving bar for position, and numbers for current 
repetition number and heart rate value.  Display is 
located on a stand.  The user is identified by using her 
necklace with the reader on the stand. 
 
 

 
Knee Display 

 
Display shows a moving bar with three colors: red, green, and 
orange.  To be identified, the user inserts her ring into the 
handlebar reader or a reader under the seat. 
 
 
 
 
 

 
Kiosk Display 

 
Display shows a summery of a user’s current workout and 
progress over time. Kiosk is located outside the circuit.  To be 
identified, the user places her necklace on the panel reader. 
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Subject ID Number _________________ 
 
1.  About how many times per week do you exercise at a Curves facility?   ___  

 
2.  What display type do you prefer? Please rate your preference on a scale of 1  

(dislike) to 5 (like). Next, rate how well your feel the display protects your 
privacy, on a scale of 1 (poor) to 5 (excellent). Then rank each display in 
order from 1 to 4, where 1 is your favorite and 4 is your least favorite. 

 
                                                                            Preference                  Privacy               Rank 
                                                                        dislike         like        poor       excellent 

Name and pace display 1   2   3   4   5           1   2   3   4   5           ____ 
 

Combination display  1   2   3   4   5           1   2   3   4   5           ____ 
 

Knee display  1   2   3   4   5           1   2   3   4   5           ____ 
 

Kiosk  1   2   3   4   5           1   2   3   4   5           ____ 
 
 
3.  What display elements do you want displayed on a machine?  First, rate each  

element on how much you like it and how well it protects your privacy.  Then, 
mark at what times during a typical 30 second exercise you glanced at each 
element.  For example, the following markings  

 
            Your name  1   2   3   4   5          1   2   3   4   5                     
  

Pacing bar  1   2   3   4   5     1   2   3   4   5 

would indicate a user referred to her name at the beginning of the exercise, 
and again at 15 seconds, while she watched the pacing bar the entire 30 
seconds. 

 
  Preference                Privacy                  Times when you 

referred 
                                                dislike             like     poor         excellent             to the display 
            Your name  1   2   3   4   5          1   2   3   4   5         

Pacing bar  1   2   3   4   5     1   2   3   4   5 

Multi-color indicator 1   2   3   4   5     1   2   3   4   5 

Single-color bar graph 1   2   3   4   5         1   2   3   4   5 

Multi-color bar graph 1   2   3   4   5        1   2   3   4   5 

Heart rate  1   2   3   4   5        1   2   3   4   5 

0  10  20 30

0  10  20 30

0  10  20 30

0  10  20 30

0  10  20 30

0  10  20 30

0  10  20 30

0  10  20 30

0  10  20 30
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Number of reps              1   2   3   4   5        1   2   3   4   5 

4.  Two basic types of heart rate monitors are described below, the wrist monitor 
and the chest monitor.  Please rate how strongly you agree or disagree with the 
following statements. 

                               Preference                 
                                                     strongly disagree    
strongly agree  
  I would like to see my heart rate displayed on one or two machines. 1   2   3   4   5 

 
  I would like to see my heart rate displayed on every machine.  1   2   3   4   5 

 
  I would be willing to wear a heart rate monitor around my wrist. 1   2   3   4   5 

 
  I would be willing to wear a heart rate monitor around my chest 1   2   3   4   5 
  under my shirt where it is making contact with skin. 
 
  I would be willing to wear a heart rate monitor around my 1   2   3   4   5 
        chest IF it is significantly more accurate than the wrist monitor. 
 
  I would be willing to wear a heart rate monitor around my  1   2   3   4   5 
  chest IF it is slightly more accurate than the wrist monitor.  
 
  I like the current Curves method of taking my heart rate.  1   2   3   4   5 
 
 
5.  What type of user identification do you like?  Rate your preference.  
 
                                                                   Preference      
                                                             dislike             like 
                         Ring identification 1   2   3   4   5 
 
                         Necklace identification 1   2   3   4   5 
 

If you rated either the ring or necklace identification method low (1 or 2), 
please explain why. 
 
 

 
 

6.  Which user identification location do you prefer?  Rate your preference. 
 
                                         Preference      
                                    dislike             like 
 Handlebar  1   2   3   4   5 
 
 Stand  1   2   3   4   5 
 
 Under the Seat   1   2   3   4   5 
                 Handlebar             Stand          Under Seat   
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If you rated the stand, handlebar, or under the seat location low (1 or 2), 
please explain why.  

 
 
7.  What graphs from the kiosk display do like?  Rate your preference.  
 
                                                                      Preference 
                                                                dislike             like 

Average Range of Motion   1   2   3   4   5 
 
         Total Displacement    1   2   3   4   5 
 

Number of Repetitions    1   2   3   4   5 
 

Power      1   2   3   4   5 
 
         Calories     1   2   3   4   5 
 
 
 
8.  The following scenarios describe different possibilities for using the kiosk 
display.  Rate your preference and rank them in order from 1 to 3, where 1 is 
your favorite and 3 is your least favorite. 
   

                                    Preference        Rank                         
                                                                                                            dislike              like 
  Kiosk available at the end of the workout session 1   2   3   4   5  ____ 
  with no display mounted on or near any machine. 
 
  Kiosk available at the end of the workout session 1   2   3   4   5 ____ 
  with a display mounted on or near every machine. 
 
  No kiosk available at the end of the workout session 1   2   3   4   5 ____ 
  with a display mounted on or near every machine. 
 
 
9.  Which display location do you prefer?  Rate your preference and rank them 
where 1 is your favorite and 3 is your least favorite.   
       
                                                                                                   Preference   Rank 
                                                                           dislike              like 
  Display is attached to a stand  1   2   3   4   5 ____ 
 
  Display is attached to the seat 1   2   3   4   5 ____ 
 
  Kiosk display located outside the circuit 1   2   3   4   5 ____ 
 
 
10.  Please describe any additional elements you would like on a display and tell 
why.  You may continue on the back of this page if necessary. 
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11.  Please describe any display elements that you did not like.  For example, 
you found the indicator lights distracting or too complicated. 
 
 
 
 
 
 
 
 
12.  Please list any additional comments or suggestions. 
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Short Answers to Survey Questions 
 
(Numbers refer to rating preference where 1 = dislike and 5 = like.) 
 
5. If you rated either the ring or necklace identification method low, please explain 
why. 
 
Ring 

• (3)  “Ring mashed my finger on some exercises” 
• (5)  “Uncomfortable to user, only fit little finger”  
• (5)  “easy, small” 

 
Necklace  

• (1) “Often had to ‘get off’ the machine to ‘activate it’… got me out of my circuit 
training rhythm – the ring was less intrusive” 

• (2)  “Looks stupid.”  
• (2)  “The necklace gets annoying while jumping around on the recovery 

platforms” 
• (2)  “The necklace would bounce in my face while I was jumping up and down on 

the recovery pads.” 
• (2)  “necklace – have to lean forward to make it go – wasted motion. Likely to 

forget.” 
• (2)  “Remembering to activate the display” 
• (2)  “I forgot to display the necklace until after I started the exercise program – 

with the ring it would automatically pick up the user.” 
• (2)  “Gets in my way when doing stations in between”  
• (3)  “It dangles when doing the ‘glute’ machine”  
• (3)  “Lose time getting on machine with necklace.” 

 
Ring / Necklace 

• “I like both – it really doesn’t matter. The ring might be easier to deal with; where 
the necklace might get in the way while on the jump pads” 

 
 
6.  If you rated the stand, handlebar, or under the seat location low, please explain 
why. 
 
Stand  

• (1) – “Kept forgetting.. then had to get off machine” 
• (2) – “Too hard to get to.” 
• (2) – “Sometimes it made me get out of the rhythm of exercise to have to swipe 

the necklace ID on the stand”  
• (2) – “Remembering to activate the display” 
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• (2) – “It was much easier to get on the machine and grab the handle and start. 
Sometimes I would forget to hold my necklace up to the stand and then I’d have 
to get off the machine and start over.” 

• (3) – “waste time reaching to check the machine” 
 
Under the Seat 

• (1) – “Too much hassle” 
• (1) – “A little awkward to make it connect.” 
• (2) – “Hard to turn on” 
• (2) – “The under the seat location is hard to find quickly sometimes” 
• (2) – “hard to find. Doesn’t seem easy and would forget to do.” 
• (2) – “Took longer to start exercising.” 
• (3) – “I like to see everything” 
• (5) – “This one is easier and less time getting started” 

 
Handlebar / Under the Seat 

• Handlebar (2), Under the Seat (2) – “Could not always see the marker under seat 
or on bar” 

 
Stand / Under the Seat 

• Stand (2), Under the Seat (4) – “[Stand] Forget to scan before sitting or it didn’t 
register sometimes. Under seat hard to reach on one machine.” 

 
 
10. Please describe any additional elements you would like on a display and tell why. 
 

• Combination display: “better if multi-colored” 
• “Just keep it simple” 

 
 
11.  Please describe any display elements that you did not like. 
 

• “I like the displays! However, the displays on the seats may be a hinder to women 
with large legs.  They may hit or nock off display and get a bruise from hitting 
display.” 

• “I don’t believe the pace bar is helpful” 
• “Liked them when they worked!” 
• “Just could not always see the readings and it malfunctioned many times for me” 
• “Mis-set the range of motion the first time.  Needed to reset personal settings on 

machines.” 
• “Pace bar hard to get in sync with.” 
• “I found them interesting to use. No negative feelings once I learned how to use 

them and what they meant. However, I usually was alone when using Curves 
rather than speaking to other people” 

• “I didn’t always understand the indicator on the stand combination display” 
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• “The knee display was hard to read while during the workout. I would have to 
bend my neck to read.” 

• “Indicator lights on seat difficult to watch while exercising.  Lights should be 
easier to view.” 

• “Need a key to read them [displays].” 
 
 
12.  Please list any additional comments or suggestions 
 

• “Good to have some way to keep up with progress in Curves workout” 
• “Excellent – show feedback during exercise. This helps to keep me working up to 

a better than my pace. I know I’ll improve my strength and cardio vascular 
fitness” 

• “I like the immediate info on how I am doing… Good motivator” 
• “I enjoyed looking at the machines to know if I were accurately moving the bars, 

etc.  Since I have already fallen once getting off machines at Curves, the less 
clutter around the machines the better!  I would want information to help me 
better understand the graphs, etc. on the Kiosk display.” 

• “I like seeing the reps as I do them and if I have timed them properly.” 
• “Some of the other curves participants had trouble seeing the display attached to 

the seat.” 
• “Good addition to the circuit.  Feedback was helpful.  Better to understand how to 

get most beneficial workout on each particular machine.” 
• “Liked the displays. Definitely need something like that to help show / track 

progress and motivate participants!” 
• “It would be good to retest ever so often to see if the “optimum” aiming for 

changes with time. That is, use the data to look for developing fitness as one 
exercise over time at curves.  The color combinations are easier to monitor while 
talking to others, I think, as they just take a glance. The number of repetitions 
would be nice to have on all machines. But, as I said earlier, privacy is not an 
issue with me.  Would recommend having a blood pressure reader available for 
members to use.” 

• “Email the kiosk info or print it out to take home” 
• “I tended to work better on monitored machines.” 
• “This program was informative and helped me in obtaining the goals I set for 

myself and to strive to improve my workout. I appreciate being a part of this 
study.” 

• “They just did not work much of the time or I cam in the evening and things were 
turned off.  I felt the lights were good motivators.” 

• “I like display to show my name – I know there is no mistake.” 
Random other Comments 
  

• “I really like all [displays] but have no interest in privacy”  
• Kiosk – “Excellent privacy – small print name” 
• Kiosk – “Excellent positive feedback- even after session” 
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• (For display attached to a stand vs. display attached to the seat)  - “Depends on 
machine.”  “Depends on height of individual and ability to move neck and see” 

• “Kiosk takes too much time to check out” 
• About the current Curves method of taking heart rate “I don’t do it… there is no 

need for taking it” 
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APPENDIX B 
 

Diagrams and Schematics 
 
 

Drawings 
 

 
 

Figure B.1:  RFID Handle 
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Figure B.2:  Knee Display Mounting Box 
 
 

 
 

Figure B.3:  Embedded Controller Enclosure
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Daughter Board 
 

 
 

Figure B.4:  Daughter Board Schematic 1 
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Figure B.5:  Daughter Board Schematic 2 
 
 

Table B.1:  Daughter Board Parts List 
 

Label Part Vender Part Number
C1 35 uF Capacitor   
C2 100uF Capacitor   
C3 1000uF Capacitor   
J1 10 pin Connector (to Right Cylinder)   
J2 10 pin Connector (to Left Cylinder)   
J3 16 pin Connector (to VFD)   
J4 4 pin Connector (to RFID)   
L1 4.7uH Inductor   
PS1 Power over Ethernet Regulator Silver Telecom Ag8000 
R1 kΩ Resistor   
R2 5kΩ Resistor   
R3 47kΩ Resistor   
R4 10kΩ Resistor   
R5 12kΩ Resistor   
R6 10kΩ Resistor   
T1 Rectifier International Rectifier IPS021L 
T2 Rectifier International Rectifier IPS021L 
U1 Stepper Driver Texas Instruments L293DNE 
U2 Stepper Driver Texas Instruments L293DNE 
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Figure B.6:  Daughter Board PCB 
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Combination Display 
 

 
 

Figure B.7:  Combination Display Schematic 
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Table B.2:  Combination Display Parts List 
 

Label Part Vender Part Number 
C1 100nF Capacitor   
C2 2.7nF Capacitor   
D1 Dual Color LED   
D2 Dual Color LED   
Q1 NPN Transistor   
Q2 NPN Transistor   
R1 220Ω Resistor   
R2 220Ω Resistor   
U1 4-Digit LED driver with I2C Philips SAA1064 
U2 LED 7 Segment Displays Lumex LDT-C512RI 
U3 LED Array Lumex SSA-LXB10GW-GF/LP
U4 4 Pin Connector Header Hirose Electronic DF11-4DP-2DS 

 
 

 
 

Figure B.8:  Combination Display PCB Components 
 
 

 
 

Figure B.9:  Combination Display PCB 
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Knee Display 
 

 
 

Figure B.10:  Knee Display Schematic 
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Table B.3:  Knee Display Parts List 
 

Label Part Vender Part Number 
C1 100nF Capacitor   
C2 2.7nF Capacitor   
D1 Dual Color LED   
D2 Dual Color LED   
D3 Dual Color LED   
D4 Dual Color LED   
D5 Dual Color LED   
D6 Dual Color LED   
D7 Dual Color LED   
D8 Dual Color LED   
Q1 NPN Transistor   
Q2 NPN Transistor   
R1 220Ω Resistor   
R2 220Ω Resistor   
U1 4-Digit LED driver with I2C Philips SAA1064 
U2 4 Pin Connector Header Hirose Electronic DF11-4DP-2DS

 
 

 
 

Figure B.11:  Knee Display PCB Components 
 
 

 
 

Figure B.12:  Knee Display PCB 
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State Charts 
 

 
 

Figure B.13:  Controller State Chart – Board Initialization 
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Figure B.14:  Controller State Chart – All Functions 
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APPENDIX C 
 

Server Code 
 

#include "stdafx.h" 
#using <mscorlib.dll> 
#using <System.dll> 
 
using namespace System; 
using namespace System::IO; 
using namespace System::Net; 
using namespace System::Text; 
using namespace System::Threading; 
using namespace System::Net::Sockets; 
using namespace System::Globalization; 
using namespace System::Collections; 
 
/*********************************************************************/ 
// MAINTENANCE CLASS 
//       Broadcast maintenance request message 
//       All controllers on network respond with their configuration,  
//           current status and current power measurements. 
//       Uses both the ipQueue (stores all known ip addrresses)  
//            and the pingQueue (stores all returned messages) 
/*********************************************************************/ 
public __gc class Maintenance 
{ 
private: 
    static Queue* ipQueue;  //all known controller ip addresses 
 static Queue* pingQueue; //returned maintenance messages 
 
public:  
 
 Maintenance() 
 { 
  //-- IPAddress*  ip address of each controller board (who we need to ping) 
  ipQueue = new Queue();    
  //-- IPAddress*  ip and returned status of the maintenance request (responses) 
  pingQueue = new Queue();   
 } 
 
//-- Store list of IP addresses: IPAddress*  (save only IP, not the port) 
 static void UpdateIPList(EndPoint* endpt) 
 { 
  IPEndPoint* endptIP = __try_cast<IPEndPoint *>(endpt); 
  IPAddress* controllerAddr = __try_cast<IPAddress *>(endptIP->Address); 
  UTF8Encoding* temp= new UTF8Encoding(true); 
  Byte cntr[]=new Byte[1]; 
  cntr[0]='0'; 
  String* cntrString = temp->GetString(cntr); 
 
  Monitor::Enter(ipQueue); 
  //-- Add each ip address only once (check if it already exists in the Q) 
  if(!(ipQueue->Contains(controllerAddr)))    
  { 
   ipQueue->Enqueue(controllerAddr); //Address, no port number 
   ipQueue->Enqueue(cntrString);  //"No Response Counter" starts at 0 
  } 
  Monitor::Exit(ipQueue);   
 } 
 
//-- Store maint message received by the main UDP Listen function in Q 
 static void ReturnedPings(String* msg, EndPoint* endpt) 
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 { 
  IPEndPoint* endptIP = __try_cast<IPEndPoint *>(endpt); 
  IPAddress* controllerAddr =  __try_cast<IPAddress *>(endptIP->Address); 
 
  Monitor::Enter(pingQueue); 
  //-- address of controller that sent its status 
  pingQueue->Enqueue(controllerAddr); 
  //-- status, configuration, and power measurements 
  pingQueue->Enqueue(msg); 
  Monitor::Exit(pingQueue);  
 } 
 
//-- Parse the returned maint message received by the main UDP Listen //   function 
//-- endptIP: 1 ip address pulled from the ipQueue of all known  
//   controllers 
//-- Compares endptIP with all ip's we received a return maint message //   from 
 static String* GetStatus(IPEndPoint* endptIP) 
 { 
  int responseTries = 0; 
  int length; 
  bool found=false; 
  IPAddress* controllerAddr; //address 
  IPAddress* endptAddr = __try_cast<IPAddress *>(endptIP->Address); 
  String* status="ZAAAZ"; 
   
  while(!found && responseTries < 10) 
  { 
   responseTries++;  
   length=(pingQueue->Count); //number of returned status messages 
    
   Monitor::Enter(pingQueue); 
   if(pingQueue->Contains(endptAddr)) 
   { 
    //--Search thru elements  
    while(!found  && length>0) 
    { 
     length=length-2; 
     //-- get 1 ip and status message 
     controllerAddr=__try_cast<IPAddress *>(pingQueue->Dequeue()); 
     status = (pingQueue->Dequeue())->ToString(); 
     //-- compare this element's ip with endptIP received 
     if(controllerAddr->Equals(endptAddr)) 
      found=true;   
     else //try next ip in the Q 
     { 
      pingQueue->Enqueue(controllerAddr); 
      pingQueue->Enqueue(status); 
     } 
    }  
   } 
   Monitor::Exit(pingQueue); 
  } 
  return status; 
 } 
 
/*  Main Maint Function */ 
  //Broadcast a maintenance request message and if there is no response  
  // to the request, increment the no response counter 
  //After 5 no responses, the ip address will be eliminated from the  
  // current ip addresses located in the ip queue 
 static void Service() 
 { 
  String* status; 
  String* counter; 
  bool gotData; 
  IPAddress* controllerAddr; 
  Byte noResponseCounter[] = new Byte[1]; 
  Byte ping[] = new Byte[1]; 
  UTF8Encoding* temp= new UTF8Encoding(true); 
  float PWRstat = 0.0; 
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  int length, loop; 
  ping[0]='Z'; 
  bool catchCntr = true; 
 
  while(1) 
  { 
    //-- ping all controllers every 60 seconds 
   Thread::Sleep(30000);  
 
  //-- broadcast maint request to all boards  
   IPAddress* endptAddr = IPAddress::Parse(S"255.255.255.255"); 
   IPEndPoint* controllerIP = new IPEndPoint(endptAddr, 4001); 
 
  //-- set up socket that will broadcast maint request to all controllers 
   Socket* s = new Socket(controllerIP->Address->AddressFamily, SocketType::Dgram, ProtocolType::Udp); 
   s->SetSocketOption(SocketOptionLevel::Socket, SocketOptionName::Broadcast, 1); 
    
   try 
   { 
    //-- This call blocks. Send request. 
    s->SendTo(ping, controllerIP); 
    s->Close(); 
    if(!catchCntr) 
     catchCntr=true; 
   } 
   catch (SocketException*)  
   { 
    // No controllers detected 
    if(catchCntr) //only print error once 
    { 
     Console::WriteLine("ERROR: no controllers detected"); 
     catchCntr=false; 
    } 
   } 
 
   //-- ensure controllers have enough time to respond 
   Thread::Sleep(2000); 
   //-- number of known controllers on the network 
   length = (ipQueue->Count)/2;  
   for(loop=0; loop<length; loop++) 
   { 
    //-- check for a returned message from each board 
    gotData = false; 
    Monitor::Enter(ipQueue); 
    //-- get 1 controller's ip address 
    if((ipQueue->Count)>1) 
    { 
     controllerAddr=__try_cast<IPAddress *>(ipQueue->Dequeue());   
     counter=(ipQueue->Dequeue())->ToString(); 
     gotData=true; 
    } 
    Monitor::Exit(ipQueue); 
     
    IPEndPoint* specificIP = new IPEndPoint(controllerAddr, 4001); 
    if(gotData) 
    { 
     //-- check for a returned status for this one controller 
     status = GetStatus(specificIP); 
     noResponseCounter[0]=counter->Chars[0]; 
 
     if(status->Equals("ZAAAZ"))   
     { //-- no message from this ip was found 
      //Console::Write(__try_cast<IPAddress *>(controllerAddr)->ToString()); 
      //Console::WriteLine(" no response from controller!!"); 
      noResponseCounter[0]= noResponseCounter[0]+1; 
     } 
     else 
     { 
      //-- received a returned maint message from this ip 
      Console::Write(__try_cast<IPAddress *>(controllerAddr)->ToString()); 
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     //-- CONFIGURATION for this controller 
      Console::Write(" Config, Dis=");   
      Console::Write(status->Chars[8]); 
 
      Console::Write("  RFID=");    
      Console::Write(status->Chars[9]); 
 
      Console::Write("  Cyl1=");   
      Console::Write(status->Chars[10]); 
 
      Console::Write("  Cyl2=");   
      Console::Write(status->Chars[11]); 
 
      Console::Write("  NumCyl=");   
      Console::WriteLine(status->Chars[12]); 
 
     //-- STATUS 
      Console::Write("             Status, Dis=");   
      Console::Write(status->Chars[1]); 
       
      Console::Write("  RFID="); 
      Console::Write(status->Chars[2]); 
 
      Console::Write("  Cyl1="); 
      Console::Write(status->Chars[3]); 
 
      Console::Write("  Cyl2="); 
      Console::Write(status->Chars[4]); 
 
      Console::Write("  DeviceType="); 
      Console::WriteLine(status->Substring(13,1)); 
 
     //-- POWER 
      Console::Write("             Voltage,  V="); 
      PWRstat = int(status->Chars[5]) * 5.7; 
      PWRstat = PWRstat / 51; 
      Console::Write(PWRstat.ToString()); 
 
      Console::Write("   Max="); 
      PWRstat = int(status->Chars[6]) * 5.7; 
      PWRstat = PWRstat / 51; 
      Console::Write(PWRstat.ToString()); 
 
      Console::Write("   Min="); 
      PWRstat = int(status->Chars[7]) * 5.7; 
      PWRstat = PWRstat / 51; 
      Console::WriteLine(PWRstat.ToString());  
 
      noResponseCounter[0]='0';       
     } 
 
     counter=temp->GetString(noResponseCounter); 
 
     //-- insert ip at end of Q only if it doesn't already exist 
     Monitor::Enter(ipQueue); 
     if(!(ipQueue->Contains(controllerAddr))  && noResponseCounter[0] < 53) 
     { //-- 53='5' 
      ipQueue->Enqueue(controllerAddr); 
      ipQueue->Enqueue(counter); 
     } 
     else if(noResponseCounter[0] > 52) 
     { //-- controller with this ip has not responded in 5 maint requests 
      Console::Write(__try_cast<IPAddress *>(controllerAddr)->ToString()); 
      Console::WriteLine("   controller not responding, timed out"); 
     } 
     Monitor::Exit(ipQueue);  
    } 
   } 
  } 
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 } 
}; 
 
 
/*********************************************************************/ 
// THREADWORK CLASS 
//    Processes requests for finding display names and storing  
//     statistics 
//    Broadcasts all display names requested 
//    Stores statistics in documents according the the id number  
//     received 
//    Uses the m_inputQueue (stores either ID or stats and the  
//     requesting controller's ip address) 
/*********************************************************************/ 
 
public __gc class ThreadWork 
{ 
private: 
    static Queue* m_inputQueue; 
 
 
public:  
 static ReaderWriterLock* rw1 = new ReaderWriterLock(); 
 static ReaderWriterLock* rw2 = new ReaderWriterLock(); 
 static ReaderWriterLock* rw3 = new ReaderWriterLock(); 
 static ReaderWriterLock* rw4 = new ReaderWriterLock(); 
 
 ThreadWork() 
 { 
  m_inputQueue = new Queue(); 
 } 
 
//-- Add an element to the Q 
//-- msg: new ID or stats 
//-- endpt: controller which requested either a display name or storing stats 
 void AddElements(String* msg, EndPoint* endpt) 
 { 
  IPEndPoint* endptIP = __try_cast<IPEndPoint *>(endpt); 
  IPAddress* controllerAddr = __try_cast<IPAddress *>(endptIP->Address); 
 
  //Lock the queue. 
  Monitor::Enter(m_inputQueue); 
  //Add elements 
  m_inputQueue->Enqueue(msg); 
  m_inputQueue->Enqueue(controllerAddr); //this boards ip address 
  //Unlock the queue. 
  Monitor::Exit(m_inputQueue); 
 } 
 
 static int NumElements() 
 { 
  int E=0; 
  E = m_inputQueue->Count; 
  return E; 
 } 
 
//-- Main Threadwork Function 
 //-- duplicate threads of this function process received requests 
 static void Process() 
 { 
  bool defaultFound=true; 
  Byte msg[] = new Byte[256]; 
  Char data2[]; 
  String* data = 0; 
  UTF8Encoding* temp2= new UTF8Encoding(true); 
  int numEl=0; 
  bool gotData=false; 
  Byte finalMessage[] = new Byte[156]; 
  IPAddress* endptAddr = IPAddress::Parse(S"255.255.255.255"); 
  IPAddress* machAddr; 
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  IPEndPoint* controllerIP = new IPEndPoint(endptAddr, 4002); 
   
  while(!gotData) 
  { 
   //Lock the queue. 
   Monitor::Enter(m_inputQueue); 
   numEl=NumElements(); 
   if(numEl>=2) 
   { 
    //Remove element 
    data = (m_inputQueue->Dequeue())->ToString(); 
    machAddr=__try_cast<IPAddress *>(m_inputQueue->Dequeue());   
    gotData=true; 
   } 
   //Unlock the queue. 
   Monitor::Exit(m_inputQueue); 
  } 
 
  data2=data->ToCharArray(); 
 
  IEnumerator* myEnum = data2->GetEnumerator(); 
  int i=0; 
  while (myEnum->MoveNext())  
  { 
   msg[i] = *__try_cast<Char*>(myEnum->Current); 
   i++; 
  } 
 
   
 /****************************************************************/ 

/************************** PROCESS MESSAGE *********************/ 
 /****************************************************************/ 
 
 
  char ID[10]; 
  int personalStats;  
  Byte machineType[] = new Byte[1]; 
 
 //-- Read ID  
  for(int cnt=0; cnt<10; cnt++) 
  { 
   ID[cnt]=msg[cnt];  
   finalMessage[cnt] = msg[cnt]; 
   if(ID[cnt] != 'F') 
    defaultFound = false; 
  } 
 
 //-- Machine Type 
  personalStats=4; 
   
  if(msg[10] >= 'A' && msg[10] <= 'Z') 
  { 
   personalStats=0; 
   machineType[0]=msg[10]; 
  } 
  if(msg[10] == ',') 
  { 
   personalStats=1; 
   machineType[0]=msg[11]; 
  } 
  if(msg[10] == '+') 
  { 
   personalStats=2; 
   machineType[0]=msg[11]; 
  } 
  if(msg[10] == '?') 
  { 
   personalStats=3; 
  } 
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 /*****************************************************************/ 
 /*************** DISPLAY NAME and MACHINE SETTINGS ***************/ 
 /*****************************************************************/ 
 //-- Process 1st received message 
 //-- Find a user's display name 
 
  String* myPath = Directory::GetCurrentDirectory();       
 String* clientPath; 
  int readNum = 0; 
 
 //-- Open a file 
  switch(ID[5]) 
  { 
   case '0': 
   { 
    clientPath = String::Concat(myPath, "\\clients1.txt"); 
    readNum = 1; 
    break; 
   } 
   case '2': 
   { 
    if(ID[6]<'A' || (ID[6]=='A' && ID[7]<='3')) 
    { 
     clientPath = String::Concat(myPath, "\\clients1.txt"); 
     readNum = 1; 
    } 
    else if(ID[6]<'B' || (ID[6]=='B' && ID[7]<='5')) 
    { 
     clientPath = String::Concat(myPath, "\\clients2.txt"); 
     readNum = 2; 
    } 
    else if(ID[6]<'C' || (ID[6]=='C' && ID[7]<='3')) 
    { 
     clientPath = String::Concat(myPath, "\\clients3.txt"); 
     readNum = 3; 
    } 
    else 
    { 
     clientPath = String::Concat(myPath, "\\clients4.txt"); 
     readNum = 4; 
    } 
    break; 
   } 
   case '5': 
   { 
    clientPath = String::Concat(myPath, "\\clients4.txt"); 
    readNum = 4; 
 
    break; 
   } 
   default: 
   { 
    clientPath = String::Concat(myPath, "\\clients4.txt"); 
    readNum = 4; 
 
    break; 
   } 
  } 
 
  FileStream* fs; 
 
  if(personalStats==0) 
  { 
   bool timedOut = true; 
   bool IDFound = false; 
   int saveIndex; 
   String* thisLine;       
  //-- Format display name and settings 
   Byte name[] = new Byte[16]; 
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   String* nameStr; 
   int a; 
   int finalMessageCntr = 10; 
    
   Byte personalInfo[] = new Byte[152]; 
   UTF8Encoding* temp= new UTF8Encoding(true); 
    
   if(!defaultFound) 
   { 
    while(timedOut) 
    { 
     timedOut=false; 
     try 
     { 
      if(readNum == 1) 
       rw1->AcquireReaderLock(100); 
      else if(readNum == 2) 
       rw2->AcquireReaderLock(100); 
      else if(readNum == 3) 
       rw3->AcquireReaderLock(100); 
      else 
       rw4->AcquireReaderLock(100); 
 
      try 
      { 
      //-- Open the client data file where display names are listed 
       fs = File::OpenRead(clientPath); 
             
       int leng=0; 
       leng=fs->Length; 
       int sIx=0; 
       IDFound=false; 
       saveIndex=0; 
       String* rfid=ID; 
 
      //-- Search the client file for user's RFID 
       while(sIx<leng && !IDFound) 
       { 
        fs->set_Position(sIx); 
        fs->Read(personalInfo, 0, 10); 
        thisLine=temp->GetString(personalInfo); 
        if(rfid->CompareTo(thisLine)==0) 
        { 
         IDFound=true; 
         saveIndex=sIx; 
        } 
        sIx++; 
       } 
       thisLine='\0'; 
 
       if(IDFound && !defaultFound) 
       { 
        saveIndex=saveIndex+11; 
        fs->set_Position(saveIndex); 
        fs->Read(personalInfo, 0, 150);  //reading bytes of a line from Clients.txt, starting after 
the ID and , 
         
        int arrayIndex=0; 
        thisLine=temp->GetString(personalInfo); 
 
        //-- Get the display name  (in it's own loop only for formating on console) 
        //--  messRecBuf: (name) 
        while(arrayIndex<15 && thisLine->Chars[arrayIndex] != ',') 
        { 
         finalMessage[finalMessageCntr]=personalInfo[arrayIndex]; 
         name[arrayIndex]=personalInfo[arrayIndex]; 
 
         finalMessageCntr++; 
         arrayIndex++; 
        } 
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        a=arrayIndex; 
        arrayIndex++; 
 
        finalMessage[finalMessageCntr] = ','; 
        finalMessageCntr++; 
         
        for(a; a<16; a++) 
         name[a]=' '; 
 
        //-- Get settings 
        //--  messRecBuf: [(name),]setting1setting2....settingN, 
        while(arrayIndex<130 && thisLine->Chars[arrayIndex] != ',') 
        { 
         finalMessage[finalMessageCntr]=personalInfo[arrayIndex]; 
 
         finalMessageCntr++; 
         arrayIndex++; 
        } 
 
        thisLine = '\0'; 
 
        finalMessage[finalMessageCntr]= ','; 
        finalMessageCntr++; 
        finalMessage[finalMessageCntr]= '\0'; 
       } 
       else if(!defaultFound)  //default is all F's. used when "no one" is on the machine 
       { 
        finalMessage[10] = 'I'; 
        finalMessage[11] = 'D'; 
        finalMessage[12] = ' '; 
        finalMessage[13] = 'N'; 
        finalMessage[14] = 'O'; 
        finalMessage[15] = 'T'; 
        finalMessage[16] = ' '; 
        finalMessage[17] = 'F'; 
        finalMessage[18] = 'O'; 
        finalMessage[19] = 'U'; 
        finalMessage[20] = 'N'; 
        finalMessage[21] = 'D'; 
        finalMessage[22] = ','; 
        finalMessage[23] = 'A'; 
        finalMessage[24] = '1'; 
        finalMessage[25] = '1'; 
        finalMessage[26] = '2'; 
        finalMessage[27] = '2'; 
        finalMessage[28] = '0'; 
        finalMessage[29] = '0'; 
        finalMessage[30] = '0'; 
        finalMessage[31] = '2'; 
        finalMessage[32] = '5'; 
        finalMessage[33] = '5'; 
        finalMessage[34] = 'B'; 
        finalMessage[35] = '1'; 
        finalMessage[36] = '1'; 
        finalMessage[37] = '2'; 
        finalMessage[38] = '2'; 
        finalMessage[39] = '0'; 
        finalMessage[40] = '0'; 
        finalMessage[41] = '0'; 
        finalMessage[42] = '2'; 
        finalMessage[43] = '5'; 
        finalMessage[44] = '5'; 
        finalMessage[45] = 'C'; 
        finalMessage[46] = '1'; 
        finalMessage[47] = '1'; 
        finalMessage[48] = '2'; 
        finalMessage[49] = '2'; 
        finalMessage[50] = '0'; 
        finalMessage[51] = '0'; 
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        finalMessage[52] = '0'; 
        finalMessage[53] = '2'; 
        finalMessage[54] = '5'; 
        finalMessage[55] = '5'; 
        finalMessage[56] = ','; 
 
        int y=0; 
        for(y; y<12; y++) 
         name[y]=finalMessage[y+10]; 
        for(y; y<16; y++) 
         name[y]=' '; 
       } 
      } 
      __finally  
      { 
       if (fs) __try_cast<IDisposable*>(fs)->Dispose(); 
       if(readNum == 1) 
        rw1->ReleaseReaderLock(); 
       else if(readNum == 2) 
        rw2->ReleaseReaderLock(); 
       else if(readNum == 3) 
        rw3->ReleaseReaderLock(); 
       else 
        rw4->ReleaseReaderLock(); 
      } 
     } 
     catch (ApplicationException*)  
     { 
      // The reader lock request timed out. 
      timedOut=true; 
      Console::Write("READER LOCK TIMED OUT    "); 
     } 
    } 
   } 
 
  //-- Blocks until send returns    
  //-- This call blocks.  mess:  "ID, Display Name, Setting1-8 each with a machineType(letter)\0"  
   if(!defaultFound) 
   { 
    IPEndPoint* controllerIP = new IPEndPoint(endptAddr, 4002); 
    Socket* s = new Socket(controllerIP->Address->AddressFamily, SocketType::Dgram, ProtocolType::Udp); 
    s->SetSocketOption(SocketOptionLevel::Socket, SocketOptionName::Broadcast, 1); 
    s->SendTo(finalMessage, controllerIP); 
    s->Close(); 
   } 
  
   nameStr=temp->GetString(name); 
   DateTime d2 = DateTime::Now; 
   String* ms1=d2.Millisecond.ToString(); 
   String * date2; 
   date2=d2.ToString(L"T", DateTimeFormatInfo::InvariantInfo); 
 
   Console::Write(__try_cast<IPAddress *>(machAddr)->ToString()); 
   Console::Write("   "); 
   Console::Write(ID); 
   Console::Write("   "); 
   Console::Write(nameStr); 
   Console::Write("      "); 
   Console::Write(date2); 
   Console::Write(S":"); 
   Console::WriteLine(ms1); 
  } 
 
 
 /*****************************************************************/ 
 /******************** STATISTICS *********************************/ 
 /*****************************************************************/ 
  if(personalStats==1) 
  { 
   UTF8Encoding* temp3= new UTF8Encoding(true); 



112 

 

  //-- Finding the date and time to put into the person's personal statistics page 
   DateTime d1 = DateTime::Now; 
   String* date; 
   String* date3; 
   date=d1.ToString(L"F", DateTimeFormatInfo::InvariantInfo); 
   date3=d1.ToString(L"T", DateTimeFormatInfo::InvariantInfo); 
   String* ms=d1.Millisecond.ToString(); 
   Console::Write(__try_cast<IPAddress*>(machAddr)->ToString()); 
   Console::Write("   "); 
   Console::Write(ID); 
   Console::Write("   "); 
   Console::Write(S"Received Statistics"); 
   Console::Write("   "); 
   Console::Write(date3); 
   Console::Write(S":"); 
   Console::WriteLine(ms); 
 
   if(defaultFound != 1) 
   { 
   //-- Record personal statistics in the user's file 
    String* Sdisp1;  
    String* Sdisp2;  
    String* Smax1;   
    String* Smax2;   
    String* Smin1;   
    String* Smin2;    
    String* Sstk1;   
    String* Sstk2;  
    String* Svel1;   
    String* Svel2;   
    String* Sreps1;   
    String* Sreps2;  
    String* Spwr1; 
    String* Spwr2; 
    String* Stime1; 
    String* Stime2; 
    String* SmachineType = temp3->GetString(machineType); 
    int big=0; 
 
    int stIndex; 
    float cylLen = 8;   //conversion to go from 64ADC to 8 inches 
    float disp1; //chars 13, 14, 15, 16 
    float disp2; //chars 18, 19, 20, 21 
    float max1;  //chars 23, 24, 25, 26 
    float max2;  //chars 28, 29, 30, 31 
    float min1;  //chars 33, 34, 35, 36 
    float min2;  //chars 38, 39, 40, 41 
    float stk1;  // 
    float stk2;  // 
    float vel1;  // 
    float vel2;  // 
    int reps1;   // 
    int reps2;   // 
    float power1; 
    float power2; 
    float time1; 
    float time2; 
 
 
    stIndex = 13; 
    disp1 = 0;   //Cumulative Displacement 1 
    while(msg[stIndex] != ',') 
    { 
     disp1=disp1*10+(int)(msg[stIndex]-'0'); 
     stIndex++; 
    } 
    stIndex++;   
    disp2 = 0;   //Cumulative Displacement 2 
    while(msg[stIndex] != ',') 
    { 
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     disp2=disp2*10+(int)(msg[stIndex]-'0'); 
     stIndex++; 
    } 
    stIndex++; 
    max1 = 0;    //Max Displacement 1 
    while(msg[stIndex] != ',') 
    { 
     max1=max1*10+(int)(msg[stIndex]-'0'); 
     stIndex++; 
    }  
    stIndex++;     
    max2 = 0;  //Max Displacement 2 
    while(msg[stIndex] != ',') 
    { 
     max2=max2*10+(int)(msg[stIndex]-'0'); 
     stIndex++; 
    }  
    stIndex++;     
    min1 = 0;   //Min Displacement 1 
    while(msg[stIndex] != ',') 
    { 
     min1=min1*10+(int)(msg[stIndex]-'0'); 
     stIndex++; 
    }  
    stIndex++;     
    min2 = 0;   //Min Displacement 2 
    while(msg[stIndex] != ',') 
    { 
     min2=min2*10+(int)(msg[stIndex]-'0'); 
     stIndex++; 
    }  
    stIndex++;     
    stk1 = 0;   //Stroke Displacement 1 
    while(msg[stIndex] != ',') 
    { 
     stk1=stk1*10+(int)(msg[stIndex]-'0'); 
     stIndex++; 
    }  
    stIndex++;     
    stk2 = 0;   //Stroke Displacement 2 
    while(msg[stIndex] != ',') 
    { 
     stk2=min2*10+(int)(msg[stIndex]-'0'); 
     stIndex++; 
    }  
    stIndex++;     
    vel1 = 0;    //Max Velocity 1 
    while(msg[stIndex] != ',') 
    { 
     vel1=vel1*10+(int)(msg[stIndex]-'0'); 
     stIndex++; 
    }  
    stIndex++; 
    vel2 = 0;     //Max Velocity 2 
    while(msg[stIndex] != ',') 
    { 
     vel2=vel2*10+(int)(msg[stIndex]-'0'); 
     stIndex++; 
    }  
    stIndex++; 
    reps1 = 0;     //Number of Reps 1 
    while(msg[stIndex] != ',') 
    { 
     reps1=reps1*10+(int)(msg[stIndex]-'0'); 
     stIndex++; 
    }  
    stIndex++; 
    reps2 = 0;     //Number of Reps 2 
    while(msg[stIndex] != ',') 
    { 
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     reps2=reps2*10+(int)(msg[stIndex]-'0'); 
     stIndex++; 
    }  
    stIndex++; 
    power1 = 0;     //Power 1 
    while(msg[stIndex] != ',') 
    { 
     power1=power1*10+(int)(msg[stIndex]-'0'); 
     stIndex++; 
    }  
    stIndex++; 
    power2 = 0;     //Power 2 
    while(msg[stIndex] != ',') 
    { 
     power2=power2*10+(int)(msg[stIndex]-'0'); 
     stIndex++; 
    }  
    stIndex++; 
    time1 = 0;     //Time 1 
    while(msg[stIndex] != ',') 
    { 
     time1=time1*10+(int)(msg[stIndex]-'0'); 
     stIndex++; 
    }  
    stIndex++; 
    time2 = 0;     //Time 2 
    while(msg[stIndex] != '.') 
    { 
     time2=time2*10+(int)(msg[stIndex]-'0'); 
     stIndex++; 
    }  
 
   //-- Format the Stats 
    if(disp1 < 5) 
     disp1 = 0; 
    disp1 = disp1/cylLen; 
    Sdisp1 = disp1.ToString(); 
 
    if(disp2 < 5) 
     disp2 = 0; 
    disp2 = disp2/cylLen; 
    Sdisp2 = disp2.ToString(); 
     
    if(max1 < 5) 
     max1 = 0; 
    max1 = max1/cylLen; 
    Smax1 = max1.ToString(); 
     
    if(max2 < 5) 
     max2 = 0; 
    max2 = max2/cylLen; 
    Smax2 = max2.ToString(); 
 
    if((min1 > 255) || (min1 < 5)) 
     min1 = 0; 
    min1 = min1/cylLen; 
    Smin1 = min1.ToString(); 
 
    if((min2 > 255) || (min2 < 5)) 
     min2 = 0; 
    min2 = min2/cylLen; 
    Smin2 = min2.ToString(); 
 
    if((stk1 > 255) || (stk1 < 5)) 
     stk1 = 0; 
    stk1 = stk1/cylLen; 
    Sstk1 = stk1.ToString(); 
 
    if((stk2 > 255) || (stk2 < 5)) 
     stk2 = 0; 
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    stk2 = stk2/cylLen; 
    Sstk2 = stk2.ToString();     
 
    if(vel1 < 5) 
     vel1 = 0; 
    vel1 = vel1/cylLen;   //max displacement in terms of inches 
    vel1 = vel1;   // max displacement / 1 => in/sec 
    Svel1 = vel1.ToString(); 
 
    if(vel2 < 5) 
     vel2 = 0; 
    vel2 = vel2/cylLen;   //max displacement in terms of inches 
    vel2 = vel2;   // inches/sec 
    Svel2 = vel2.ToString(); 
 
    Sreps1 = reps1.ToString(); 
    Sreps2 = reps2.ToString(); 
 
    power1 = power1*0.11299; 
    Spwr1 = power1.ToString(); 
 
    power2 = power2*0.11299; 
    Spwr2 = power2.ToString(); 
 
    time1 = time1/5; 
    Stime1 = time1.ToString(); 
 
    time2 = time2/5; 
    Stime2 = time2.ToString(); 
    
  //-- Print User Statistics 
    Console::Write("     CYL 1, dsp="); 
    Console::Write(Sdisp1); 
    Console::Write(" mx="); 
    Console::Write(Smax1); 
    Console::Write(" mn="); 
    Console::Write(Smin1); 
    Console::Write(" stk="); 
    Console::Write(Sstk1); 
    Console::Write(" v="); 
    Console::Write(Svel1); 
    Console::Write(" rep="); 
    Console::Write(Sreps1); 
    Console::Write(" pwr="); 
    Console::Write(Spwr1); 
    Console::Write(" t="); 
    Console::WriteLine(Stime1); 
 
    Console::Write("     CYL 2, dsp="); 
    Console::Write(Sdisp2); 
    Console::Write(" mx="); 
    Console::Write(Smax2); 
    Console::Write(" mn="); 
    Console::Write(Smin2); 
    Console::Write(" stk="); 
    Console::Write(Sstk2); 
    Console::Write(" v="); 
    Console::Write(Svel2); 
    Console::Write(" rep="); 
    Console::Write(Sreps2); 
    Console::Write(" pwr="); 
    Console::Write(Spwr2); 
    Console::Write(" t="); 
    Console::WriteLine(Stime2); 
 
     
 //-- Write To User's File 
    StreamWriter* sw; 
    String* currentLocation=Directory::GetCurrentDirectory();  //S"E:\\UDP database\\dir1"; 
    String* path; 
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   //-- Open a file 
    switch(ID[5]) 
    { 
     case '0': 
     { 
      path = String::Concat(currentLocation, "\\dir1\\"); 
      break; 
     } 
     case '2': 
     { 
      if(ID[6]<'A' || (ID[6]=='A' && ID[7]<='3')) 
       path = String::Concat(currentLocation, "\\dir1\\"); 
      else if(ID[6]<'B' || (ID[6]=='B' && ID[7]<='5')) 
       path = String::Concat(currentLocation, "\\dir2\\"); 
      else if(ID[6]<'C' || (ID[6]=='C' && ID[7]<='3')) 
       path = String::Concat(currentLocation, "\\dir3\\"); 
      else 
       path = String::Concat(currentLocation, "\\dir4\\"); 
      break; 
     } 
     case '5': 
     { 
      path = String::Concat(currentLocation, "\\dir4\\"); 
      break; 
     } 
     default: 
     { 
      path = String::Concat(currentLocation, "\\dir4\\"); 
      break; 
     } 
    } 
 
    path = String::Concat(path, ID); 
    String* finalPath = String::Concat(path, ".txt"); 
     
   //-- This text is added only once to the file. 
    if (File::Exists(finalPath))  
     sw = File::AppendText(finalPath); 
    else 
     sw = File::CreateText(finalPath); 
    try  
    { 
     sw->Write(S"[{0},{1},", date, SmachineType); 
     sw->Write(S"{0},{1},", Sdisp1, Sdisp2); //CUM DISP 
     sw->Write(S"{0},{1},", Smax1, Smax2); //Max Disp 
     sw->Write(S"{0},{1},", Smin1, Smin2); //Min Disp 
     sw->Write(S"{0},{1},", Sstk1, Sstk2); //Avg Disp 
     sw->Write(S"{0},{1},", Svel1, Svel2); //Max Velocity 
     sw->WriteLine(S"{0},{1},", Sreps1, Sreps2); //Number of Reps 
     sw->Write(S"{0},{1},", Spwr1, Spwr2); //Avg Power 
     sw->WriteLine(S"{0},{1}]", Stime1, Stime2); //Total Time 
    }  
    __finally  
    { 
     if (sw) __try_cast<IDisposable*>(sw)->Dispose(); 
    }  
   } 
  } 
 
 /******************************************************************/ 
 /***************** INITIALIZE USER SETTINGS ***********************/ 
 /********************* IN CLIENT FILE *****************************/ 
 /******************************************************************/ 
 
  if(personalStats==2) 
  { 
    
   bool IDFound = false; 
   int saveIndex; 
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   String* thisLine; 
   Byte personalInfo[] = new Byte[48]; 
   UTF8Encoding* temp= new UTF8Encoding(true); 
   UTF8Encoding* temp2= new UTF8Encoding(true); 
   String* SmachineType = temp2->GetString(machineType); 
 
   int leng=0; 
   int sIx=0; 
   IDFound=false; 
   saveIndex=0; 
   String* rfid=ID; 
 
   String* Space; 
   int pace; 
   String* Smotor; 
   int motor; 
   String* SROMlow; 
   int ROMlow; 
   String* SROMhigh; 
   int ROMhigh; 
   String* settings; 
   String* zero = "0"; 
     
  //-- settings to write 
   pace = 0; 
   pace = ((int)(msg[12]-'0'))*10 + ((int)(msg[13]-'0')); 
   Space = pace.ToString(); 
   if(pace<10) 
   { 
    settings = zero; 
    settings = String::Concat(settings, Space); 
   } 
   else 
    settings = Space; 
 
   motor = 0; 
   motor = ((int)(msg[14]-'0'))*10 + ((int)(msg[15]-'0')); 
   Smotor = motor.ToString(); 
   if(motor<10) 
    settings = String::Concat(settings, zero); 
   settings = String::Concat(settings, Smotor); 
 
   ROMlow = 0; 
   ROMlow = ((int)(msg[16]-'0'))*100 + ((int)(msg[17]-'0'))*10 + ((int)(msg[18]-'0')); 
   SROMlow = ROMlow.ToString(); 
   if(ROMlow<100) 
    settings = String::Concat(settings, zero); 
   if(ROMlow<10) 
    settings = String::Concat(settings, zero); 
   settings = String::Concat(settings, SROMlow); 
 
   ROMhigh = 0; 
   ROMhigh = ((int)(msg[19]-'0'))*100 + ((int)(msg[20]-'0'))*10 + ((int)(msg[21]-'0')); 
   SROMhigh = ROMhigh.ToString(); 
   if(ROMhigh<100) 
    String::Concat(settings, zero); 
   if(ROMhigh<10) 
    String::Concat(settings, zero); 
   settings = String::Concat(settings, SROMhigh); 
 
   try 
   { 
    if(readNum == 1) 
     rw1->AcquireWriterLock(100); 
    else if(readNum == 2) 
     rw2->AcquireWriterLock(100); 
    else if(readNum == 3) 
     rw3->AcquireWriterLock(100); 
    else 
     rw4->AcquireWriterLock(100); 
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    try 
    { 
    //-- Open the client data file where display names are listed 
     fs = File::Open(clientPath, FileMode::Open, FileAccess::ReadWrite, FileShare::None); 
     leng=fs->Length; 
     //-- Search the client file for user's RFID 
     while(sIx<leng && !IDFound) 
     { 
      fs->set_Position(sIx); 
      fs->Read(personalInfo, 0, 10); 
      thisLine=temp->GetString(personalInfo); 
      if(rfid->CompareTo(thisLine)==0) 
      { 
       Console::WriteLine(S"found it: {0}", thisLine); 
       IDFound=true; 
       saveIndex=sIx; 
      } 
      sIx++; 
     } 
     thisLine='\0'; 
 
     //move past display name 
     int arrayIndex=0; 
     saveIndex=saveIndex+11; 
     fs->set_Position(saveIndex); 
     fs->Read(personalInfo, 0, 48);  //reading 50 bytes of a line from Clients.txt, starting after the ID and , 
      
      
     thisLine=temp->GetString(personalInfo); 
 
     //-- Move index past display name then a comma then look for the machine type  
     while(arrayIndex<20 && thisLine->Chars[arrayIndex] != ',') 
      arrayIndex++; 
     while(arrayIndex<40 && thisLine->Chars[arrayIndex] != machineType[0]) 
      arrayIndex++; 
 
     arrayIndex++; 
     saveIndex=saveIndex+arrayIndex; 
     if(thisLine->Chars[arrayIndex] == '+') 
     { 
      fs->set_Position(saveIndex); 
      Byte info[] = (new UTF8Encoding(true))->GetBytes(settings); 
      fs->Write(info, 0, info->Length); 
     } 
     else 
     { 
      Console::WriteLine("error: user already has settings for machine {0}", SmachineType); 
      Console::WriteLine("arrayIndex: {0}", arrayIndex.ToString()); 
      Console::WriteLine(thisLine); 
     } 
    } 
    __finally 
    { 
     // Ensure that the lock is released. 
     if (fs) __try_cast<IDisposable*>(fs)->Dispose(); 
 
     if(readNum == 1) 
      rw1->ReleaseWriterLock(); 
     else if(readNum == 2) 
      rw2->ReleaseWriterLock(); 
     else if(readNum == 3) 
      rw3->ReleaseWriterLock(); 
     else 
      rw4->ReleaseWriterLock(); 
    } 
   } 
   catch ( ApplicationException*)  
   { 
    // The writer lock request timed out. 
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    Console::WriteLine("WRITER LOCK TIMED OUT"); 
   } 
 
   DateTime d2 = DateTime::Now; 
   String* ms1=d2.Millisecond.ToString(); 
   String * date2; 
   date2=d2.ToString(L"T", DateTimeFormatInfo::InvariantInfo); 
 
   Console::Write(__try_cast<IPAddress*>(machAddr)->ToString()); 
   Console::Write("   "); 
   Console::Write(ID); 
   Console::Write("   "); 
   Console::Write("Set (PMLH)= "); 
   Console::Write(settings); 
   Console::Write("      "); 
   Console::Write(date2); 
   Console::Write(S":"); 
   Console::WriteLine(ms1); 
  } 
 
 
 /********************  KIOSK  *************************************/ 
 /************** CALCULATE AND RETURN USER SETTINGS ****************/ 
 /******************************************************************/ 
 
  if(personalStats==3) 
  { 
  //-- CALCULATE A NEW TOTAL FOR EACH MACHINE 
   //MACHINE A:  1.open user file   2.count number of lines  3.send each line to kiosk 
 
   IPAddress* k_endptAddr = machAddr; 
   IPEndPoint* kioskIP = new IPEndPoint(k_endptAddr, 4004); 
   Byte personalInfo[] = new Byte[50]; 
   String* currentLocation=Directory::GetCurrentDirectory(); 
   UTF8Encoding* temp= new UTF8Encoding(true); 
   String* path;   
   String* thisLine; 
   String* stringLine; 
   int leng=0; 
   int saveIndex=0; 
   int stIndex=0; 
 
  //-- Open a file 
   switch(ID[5]) 
   { 
    case '0': 
    { 
     path = String::Concat(currentLocation, "\\dir1\\"); 
     break; 
    } 
    case '2': 
    { 
     if(ID[6]<'A' || (ID[6]=='A' && ID[7]<='3')) 
      path = String::Concat(currentLocation, "\\dir1\\"); 
     else if(ID[6]<'B' || (ID[6]=='B' && ID[7]<='5')) 
      path = String::Concat(currentLocation, "\\dir2\\"); 
     else if(ID[6]<'C' || (ID[6]=='C' && ID[7]<='3')) 
      path = String::Concat(currentLocation, "\\dir3\\"); 
     else 
      path = String::Concat(currentLocation, "\\dir4\\"); 
     break; 
    } 
    case '5': 
    { 
     path = String::Concat(currentLocation, "\\dir4\\"); 
     break; 
    } 
    default: 
    { 
     path = String::Concat(currentLocation, "\\dir4\\"); 



120 

 

     break; 
    } 
   } 
 
   path = String::Concat(path, ID); 
   String* finalPath = String::Concat(path, ".txt"); 
   String* lineEnd = "]"; 
   String* lineBegin = "["; 
   int numLines; 
   int currentLine; 
   personalInfo=new Byte[1]; 
    
   if (File::Exists(finalPath))  
   { 
    fs = File::OpenRead(finalPath); 
 
    leng=fs->Length; 
    saveIndex=0; 
    stIndex = 0; 
 
    //-- count number of lines 
    while(stIndex<leng) 
    { 
     fs->set_Position(stIndex); 
     fs->Read(personalInfo, 0, 1); 
     thisLine=temp->GetString(personalInfo); 
     if(lineBegin->CompareTo(thisLine)==0) 
      numLines++; 
     stIndex++; 
     thisLine='\0'; 
    } 
 
    stIndex=stIndex+2; 
 
    //send kiosk number of lines!!! 
    Byte info[] = (new UTF8Encoding(true))->GetBytes(String::Concat(numLines.ToString(), ".")); 
    
    Console::Write(__try_cast<IPAddress *>(k_endptAddr)->ToString()); 
    Console::WriteLine("   {0}", numLines.ToString()); 
 
    Socket* s = new Socket(kioskIP->Address->AddressFamily, SocketType::Dgram, ProtocolType::Udp); 
    s->SendTo(info, kioskIP); 
    s->Close(); 
 
    currentLine = 1; 
    stIndex = 0; 
    bool readLine = true; 
 
    while(currentLine <= numLines) 
    { 
     readLine = true; 
     stringLine = "\0"; 
 
     while(readLine && stIndex<leng) 
     { 
      fs->set_Position(stIndex); 
      fs->Read(personalInfo, 0, 1); 
      thisLine=temp->GetString(personalInfo); 
      if(lineEnd->CompareTo(thisLine)==0) 
        readLine=false; 
      stringLine = String::Concat(stringLine, thisLine);  
      stIndex++;  
      thisLine='\0'; 
     } 
 
     readLine = true; 
     while(stIndex<leng && readLine) 
     { 
      fs->set_Position(stIndex); 
      fs->Read(personalInfo, 0, 1); 
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      thisLine=temp->GetString(personalInfo); 
      if(lineBegin->CompareTo(thisLine)==0) 
        readLine=false; 
      stIndex++;  
      thisLine='\0'; 
     } 
     stIndex--; 
 
     Byte info[] = (new UTF8Encoding(true))->GetBytes(stringLine); 
    
     Socket* s = new Socket(kioskIP->Address->AddressFamily, SocketType::Dgram, ProtocolType::Udp); 
     s->SendTo(info, kioskIP); 
     s->Close(); 
 
     currentLine++; 
    } 
      
    if (fs) __try_cast<IDisposable*>(fs)->Dispose();     
   } 
  } 
 /******************************************************************/ 
 /********************** NOT A VALID MESSAGE ***********************/ 
 /******************************************************************/ 
 
  //not a valid message 
  if(personalStats==4) 
  { 
   String* thisLine; 
   UTF8Encoding* temp= new UTF8Encoding(true); 
   thisLine=temp->GetString(msg); 
 
   DateTime d4 = DateTime::Now; 
   String* ms4=d4.Millisecond.ToString(); 
   String * date4; 
   date4=d4.ToString(L"T", DateTimeFormatInfo::InvariantInfo); 
 
   Console::Write("   "); 
   Console::WriteLine(S"Error received:  {0}   ", thisLine); 
   Console::Write(date4); 
   Console::Write(S":"); 
   Console::WriteLine(ms4); 
  } 
 } 
}; 
 
 
/*********************************************************************/ 
// 
// 
// MAIN 
// 
// 
// 
/*********************************************************************/ 
int main() 
{ 
 IPAddress* localAddr = IPAddress::Parse(S"0.0.0.0"); 
 IPEndPoint* endPoint = new IPEndPoint(localAddr, 4000); 
 
 Socket* server = new Socket(endPoint->AddressFamily, SocketType::Dgram, ProtocolType::Udp); 
  
 // Creates an IpEndPoint to capture the identity of the sending host. 
    IPEndPoint* client = new IPEndPoint(IPAddress::Any, 0); 
    EndPoint* clientRemote = __try_cast<EndPoint*>(client); 
     
    // Binding is required with ReceiveFrom calls. 
    server->Bind(endPoint); 
    Byte msg[]; 
 UTF8Encoding* temp= new UTF8Encoding(true); 
 Console::WriteLine (S"Waiting..."); 
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 String* data = 0; 
 
 Byte part1[]; 
 String* data1 = 0; 
 Byte part2[]; 
 String* data2 = 0; 
 
 // ThreadWork Thread -- Process UDP 
 ThreadWork* threadwork = new ThreadWork();   //Constructor 
 
 // Maintenance Thread -- Checks Controllers' Status 
 Maintenance* maint = new Maintenance();    //Constructor 
 
 ThreadStart* threadMaint = new ThreadStart(&maint, &Maintenance::Service); 
 Thread* myMaint = new Thread(threadMaint); 
 myMaint->Start(); 
 
 while(true) 
 { 
 // This call blocks.   
  msg= new Byte[256]; 
  //-- get the udp message 
  server->ReceiveFrom(msg, 0, msg->Length, SocketFlags::None, &clientRemote); 
  data=temp->GetString(msg); //convert msg received to a String* 
   
  //-- Msg received was a returned maint message 
  if(msg[0] == 'Z' && msg[14] == 'Z') 
  { 
   //-- store returned status/config in the pingQueue 
   maint->ReturnedPings(data, clientRemote); 
   //-- if a new controller ip- add it to the ipQueue 
   maint->UpdateIPList(clientRemote); 
  } 
 
  //-- received both display name request and stats to be stored 
  else if(msg[21] == ',')   
  {    
  //-- PROCESS THREAD 1 
   //parse out just new ID 
   part1=new Byte[11]; 
   for(int x=0; x<11; x++)  
    part1[x]=msg[x]; 
   data1=temp->GetString(part1); 
    
   //-- send ID for display name request to be stored in Q 
   threadwork->AddElements(data1, clientRemote);  
   //-- if a new controller ip- add to the ipQueue 
   maint->UpdateIPList(clientRemote);  
   ThreadStart* threadServer1 = new ThreadStart(&threadwork, &ThreadWork::Process); 
   Thread* myThread1 = new Thread(threadServer1); 
   myThread1->Start(); 
 
  //-- PROCESS THREAD 2 
   //parse out just old ID and stats 
   part2=new Byte[90]; 
   for(int x=0; x<90; x++) 
    part2[x]=msg[x+11]; 
   data2=temp->GetString(part2); 
 
   threadwork->AddElements(data2, clientRemote);  
   ThreadStart* threadServer2 = new ThreadStart(&threadwork, &ThreadWork::Process); 
   Thread* myThread2 = new Thread(threadServer2); 
   myThread2->Start(); 
  } 
  else //ANY OTHER MESSAGE RECEIVED!  could be a display name request, stats to be stored, or settings 
  { 
   threadwork->AddElements(data, clientRemote);  
   maint->UpdateIPList(clientRemote); 
   ThreadStart* threadServer = new ThreadStart(&threadwork, &ThreadWork::Process); 
   Thread* myThread = new Thread(threadServer); 
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   myThread->Start(); 
  } 
 } 
 
    server->Close(); 
 Console::ReadLine(); 
 return 0; 
} 
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APPENDIX D 
 

Controller Code 
 

Note that Appendix D documents the first page of each controller project file. 
 
 

Appcfg 
 
/********************************************************************* 
 * appcfg.h    -    Application Configuration functions 
 * Dependencies:     
 * Processor:       PIC18 
 * Complier:        MCC18 v1.00.50 or higher 
 *                  HITECH PICC-18 V8.10PL1 or higher 
 * Company:         Modtronix Engineering - www.modtronix.com 
 *********************************************************************/ 
 
///////////////////////////////////////////////// 
//Main application config structure 
typedef struct _APP_CONFIG 
{ 
    IP_ADDR     MyIPAddr;  //4 bytes 
    MAC_ADDR    MyMACAddr;  //6 bytes 
    IP_ADDR     MyMask;   //4 bytes 
    IP_ADDR     MyGateway;  //4 bytes 
    WORD_VAL    SerialNumber;//2 bytes 
    IP_ADDR     SMTPServerAddr; //Not used - 4 bytes 
    struct 
    { 
        unsigned int bIsDHCPEnabled : 1; 
        unsigned int bPLLOn : 1;            //Indicates if the PLL is on = 40MHz clock. Else, 10MHz clock 
        unsigned int bFreezeADCBuf : 1;     //Stop updating AdcValues[] ADC buffer 
    } Flags;     //1 byte 
    IP_ADDR     TFTPServerAddr; //4 bytes 
    USART_CFG   USART1Cfg;      //2 byte 
    USART_CFG   USART2Cfg;      //2 byte 
    PORT_CFG    PortCfg;        //7 bytes 
    ADC_CFG     ADCCfg;         //2 bytes 
} APP_CONFIG; //4+6+4+4+2+4+1+4+2+2+7+2 = 42 bytes long. !!!!!!!!!!! Important, ensure MPFS_RESERVE_BLOCK is 
large enough !!!!!!!!!!!! 
 
//This is used by other stack elements 
#ifndef THIS_IS_APPCFG_MODULE 
extern APP_CONFIG AppConfig; 
//Array containing converted ADC values 
extern BYTE AdcValues[ADC_CHANNELS]; 
#endif 
 
//-- PreCondition:    MPFSInit() is already called. 
void appcfgInit(void); 
 
/* 
 * Save Application Configuartion data to EEPROM 
 */ 
void appcfgSaveEE(int, unsigned char); 
 
/* 
 * Configure USART with AppConfig data 
 */ 
void appcfgUSART(void); 
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Cache 
/* 
 *   cache.c 
 */ 
 
#include <p18f6621.h> 
#include <string.h> 
 
#include "cache.h" 
#include "config.h" 
#include "delay.h" 
#include "led.h" 
#include "serint.h" 
#include "statistics.h" 
#include "stepper.h" 
 
#pragma udata big_scn 
char cmName[CACHEROWS][16];   //cache matrix for Display Names 
int cmSet[CACHEROWS][10];   //cache matrix for User Settings 
int cValid[CACHEROWS]; 
unsigned int cOrder[CACHEROWS]; 
#pragma udata 
 
 
char cmID[CACHEROWS][10];   //cache matrix for ID Numbers 
int cmMK[CACHEROWS];   
int foundIndex;      //index of current user 
int unknownUser;     //server did not find a display name for that ID number 
 
void CacheInit(void) 
{ 
 //--initialize matrix 
 int i=0;  
 int j=0; 
 foundIndex=0; 
 unknownUser=0; 
 
 //--Always keep default user (no user) as row 0 
 for(j=0; j<10; j++)     *(*(cmID+i)+j) = 'F';   //cmID[i][j] = 'F'; 
 for(j=0; j<16; j++)  *(*(cmName+i)+j) = ' ';   //cmName[i][j] = ' ';    
 for(j=0; j<10; j++)  *(*(cmSet+i)+j) = 1;   //cmSet[i][j] = 'a'; 
 *(cmMK+0) = 0;  
 *(cValid+0) = 1; 
 *(cOrder+0) = 0; 
 
 for(i=1; i<CACHEROWS; i++) 
 {   
  for(j=0;j<10;j++) *(*(cmID+i)+j) = '9';   //cmID[i][j] = '9'; 
  for(j=0;j<16;j++)   *(*(cmName+i)+j) = 'a';   //cmName[i][j] = 'a';    
  for(j=0;j<10;j++) *(*(cmSet+i)+j) = 1;    //cmSet[i][j] = 'a'; 
  
  *(cmMK+i) = 0; 
  *(cValid+i) = 0;       //validity bit 
  *(cOrder+i) = i;       //place IDs in order of when last used 
 }  
} 
 
//Got new uncached ID from server??  -- Called from UDPRecName() 
void CacheLoad(char* ID, char* DName, int* Settings, int make) 
{ 
 int found, cont, row, j, oldestRecord; 
 unsigned int biggest; 
  
  //-- Is this ID already in memory?? 
 row=0; 
 found=0; 
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Config 
 
/* 
 *   config.h 
 */ 
 
#include "projdefs.h" 
 
void StatusConfigInit(void); 
void configureDevice(void); 
int ConfigGet(config_type); 
void configureStepper(void); 
void StatusSet(status_type, int); 
int StatusGet(status_type); 
void serStatSet0(void); 
void serStatSet1(void); 
void serStatSet2(void); 
int serStatusGet(void); 
void UpdatePowerCalc(void); 
 
 
 
/* 
 *   config.c 
 */ 
 
#include <p18f6621.h> 
#include "string.h" 
#include "delay.h" 
#include "config.h" 
#include "appcfg.h" 
#include "projdefs.h" 
#include "stepper.h" 
 
int CDisplay; 
int SDisplay; 
 
int CRCylinder; 
int SRCylinder; 
 
int numCylinders; 
int CCylinder; 
int CCylSetup; 
 
int CLCylinder; 
int SLCylinder; 
 
int CRFID; 
int SRFID; 
 
int SPWR; 
int PWRMax; 
int PWRMin; 
BYTE EEPWRMax; 
BYTE EEPWRMin; 
 
void StatusConfigInit(void) 
{ 
 CCylSetup=0; 
  
 //always has an lcd and rfid 
 CRFID = 1; 
  
 configureDevice(); 
 
 SDisplay = 2; 
 SRCylinder = 0; 
 SLCylinder = 0;    
 SRFID = 1;    //set to 0 if no response from polling 
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Machine 
 
/* 
 *   machine.h 
 */ 
 
void MachineInit(void); 
void MachineUpdates(void); 
void MachineWorkout(void); 
 
 
/* 
 *   machine.c 
 */ 
 
#include <p18f6621.h> 
#include <string.h> 
 
#include "appcfg.h" 
#include "cache.h" 
#include "cache2.h" 
#include "config.h" 
#include "dhcp.h" 
#include "led.h" 
#include "machine.h" 
#include "projdefs.h" 
#include "serint.h" 
#include "servclie.h" 
#include "stacktsk.h" 
#include "statistics.h" 
#include "stepper.h" 
#include "tick.h" 
#include "udp.h" 
 
enum state_type_updates {MAC, STACK, DHCP, SERVMAINT, WDTIMER, BLINK, PWR_UPDATE, LED}; 
enum state_type_updates updateState; 
unsigned int noMaintCnt; 
int maintStarted; 
int servError; 
int ledCnt; 
 
enum state_type_workout {PROFILE, EXERCISE, MAINT}; 
enum state_type_workout workoutState; 
int cacheTimeOut; 
int resendCnt; 
int loop; 
 
void MachineInit(void) 
{ 
 workoutState = EXERCISE; 
 updateState = MAC; 
 
 cacheTimeOut = 0; 
 resendCnt = 0; 
 ledCnt = 0; 
 noMaintCnt = 0; 
 maintStarted = 0; 
 servError = 1; 
 
 loop = 5000; 
} 
 
//-- Routine updates 
void MachineUpdates(void) 
{ 
 enum state_type_updates nextState; 
 nextState = updateState; 
 
 switch(updateState) 
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Mxwebsrvr 
 
/* 
 * 
 * mxwebsrvr.c 
 * 
 * Following define uniquely defines this file as main 
 * entry/application  
 * 
 */ 
#define THIS_IS_STACK_APPLICATION 
 
#include <string.h> 
#include "appcfg.h" 
#include "cache.h" 
#include "config.h" 
#include "dhcp.h" 
#include "led.h" 
#include "machine.h" 
#include "projdefs.h" 
#include "serint.h" 
#include "servclie.h" 
#include "stacktsk.h" 
#include "statistics.h" 
#include "stepper.h"   //added for LCD support - SRE 6/23/05 
#include "tick.h" 
#include "udp.h" 
 
// For debug only. 
#include "icmp.h" 
#include "delay.h" 
 
///////////////////////////////////////////////// 
//Set configuration fuses for Microchip MPLAB C18 compiler. Possible values are 
//defined in "C Compiler Addendum.pdf" document 
#if defined(__18CXX)    //Microchip C18 compiler 
    #pragma config OSC = HSPLL, OSCS = OFF 
    #pragma config PWRT = ON 
    #pragma config BOR = OFF, BORV = 42 
 #pragma config WDT = ON   //turn on watchdog timer 
    //#pragma config CCP2MX = OFF 
    #pragma config LVP = OFF 
    #pragma config DEBUG = OFF 
#endif 
 
 
BYTE myDHCPBindCount = 0; 
extern BYTE DHCPBindCount; 
 
void InitializeFunctions(void); 
static void InitializeBoard(void); 
 
static int step_count; 
 
 
///////////////////////////////////////////////// 
//High Interrupt ISR 
#pragma interrupt HighISR save=section(".tmpdata") 
 
void HighISR(void) 
{ 
    if (INTCON_TMR0IF) 
    { 
        TickUpdate();   //TMR0, used for ticks 
        INTCON_TMR0IF = 0; 
    } 
 if(PIR1_RCIF && PIE1_RCIE) 
  serRxIsr();    //USART Receive 
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Projdefs 
 
/* 
 *   projdefs.h 
 *   Project specific defines 
*/ 
 
#ifndef _PROJDEFS_H_ 
#define _PROJDEFS_H_ 
 
#include "compiler.h" 
 
//-- Defines for "compile" module 
#define CLOCK_FREQ                      (40000000)      // Hz 
 
//-- Serint Configuration  
#define SER_RXBUF_SIZE  32    //Size of Rx buffer 
#define SER_TXBUF_SIZE  24  //Size of TX buffer 
#define SER_WAIT_FOR_TXBUF  //Transmit routines wait for the bytes to be send via USART if tx buffer is full 
#define BAUD_RATE 9600  //Application does NOT configure the USART 
 
//-- Mac Configuration 
#define STACK_USE_FAST_NIC  //faster but longer code is used 
#define NIC_DISABLE_INT0  //MAC does not use INT0 (connected to PIC port RB0) for it's interrupt request status line 
#define MAC_CNTR1_3    //Keep a count of CNTR1 - CNTR3 registers 
 
//-- Appcfg Configuration.  Application uses an 8 bit ADC converter 
#define APP_USE_ADC8 
#define ADC_CHANNELS 12   //1 byte is reserved per channel 
 
//-- DHCP Configuration 
#define DHCP_CLIENT_PORT    (68) //Defines DHCP ports 
#define DHCP_SERVER_PORT    (67) 
#define DHCP_TIMEOUT        (TICK)(2L * TICK_SECOND) //Timeouts 
 
//-- IP Configuration 
#define MY_IP_TTL   (100)    //Time-To-Live in Seconds 
 
/* 
 * Debug Configuration. When uncommenting any of the following line, remember to uncomment a debug 
 * implementation in debug.h. For example, uncommend serint.h and link serint.c with project 
 */ 
//Set Debug Log levels to one of the following: 
// - LOG_OFF, LOG_DEBUG, LOG_INFO, LOG_WARN, LOG_ERROR, LOG_FATAL 
#define DEBUG_OFF 
#ifdef DEBUG_OFF 
    #define DEBUG_HTTP      LOG_OFF 
    #define DEBUG_DHCP      LOG_OFF 
    #define DEBUG_FTP       LOG_OFF 
    #define DEBUG_HTTPEXEC  LOG_OFF 
    #define DEBUG_MAC       LOG_OFF 
    #define DEBUG_STACKTSK  LOG_OFF 
    #define DEBUG_UDP       LOG_OFF 
    #define DEBUG_TCP       LOG_OFF 
    #define DEBUG_IP        LOG_OFF 
#else 
    #define DEBUG_HTTP      LOG_WARN 
    #define DEBUG_DHCP      LOG_WARN 
    #define DEBUG_FTP       LOG_WARN 
    #define DEBUG_HTTPEXEC  LOG_WARN 
    #define DEBUG_MAC       LOG_WARN 
    #define DEBUG_STACKTSK  LOG_WARN 
    #define DEBUG_UDP       LOG_WARN 
    #define DEBUG_TCP       LOG_WARN 
    #define DEBUG_IP        LOG_WARN 
#endif 
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Serint 
 
/* 
 *  serint.h 
 * 
 *  Interrupt driven Serial receive and transmit handler. 
 * 
 *  To use this module: 
 *  - Customize defines specified in "Serinit Configuration". 
 *  - Call serInit() to initialize, but NOT enable module 
 *  - Call serEnable() to enable module 
 *  - Module is now active. Use funtions to write and read serial port. 
 */ 
 
/******************************************************* 
-------------- Serint Configuration -------------------- 
******************************************************** 
The following should be defined in the projdefs.h file OR on the command line 
#define SER_RXBUF_SIZE  32  //Size of Rx buffer, must be 8,16,32,64,128 or 256 
#define SER_TXBUF_SIZE  32 //Size of TX buffer, must be 8,16,32,64,128 or 256 
//Comment this line if the transmit routines should NOT wait for the bytes to be send via USART if tx buffer is full 
#define SER_WAIT_FOR_TXBUF 
//Uncomment this line if the application does NOT configure the USART 
#define BAUD_RATE 9600 //USART BAUD rate 
//Comment this line if the application does NOT configures the USART 
#define APP_CONFIGURES_SERPORT  //Our application does all serial port configuration! 
********************************************************/ 
 
#ifndef _SERINT_H_ 
#define _SERINT_H_ 
 
#include "projdefs.h" 
#include "servclie.h" 
 
//ANSI commands 
static ROM char AnsiEscClearScreen[] = "\x1B[2J"; 
 
///////////////////////////////////////////////// 
//Global defines 
#define SER_USE_INTERRUPT 
 
#ifndef SER_RXBUF_SIZE 
#define SER_RXBUF_SIZE  16  //Size of Rx buffer's data area 
#endif 
 
#ifndef SER_TXBUF_SIZE 
#define SER_TXBUF_SIZE  32  //Size of Tx buffer's data area 
#endif 
 
 
 
///////////////////////////////////////////////// 
//USART CONFIG - only done if application does not do it 
#if !defined(APP_CONFIGURES_SERPORT) 
    #define USART_USE_BRGH_LOW 
    #if defined(USART_USE_BRGH_LOW) 
        #define SPBRG_VAL   ( ((CLOCK_FREQ/BAUD_RATE)/64) - 1) 
    #else 
        #define SPBRG_VAL   ( ((CLOCK_FREQ/BAUD_RATE)/16) - 1) 
    #endif 
 
    #if SPBRG_VAL > 255 
        #error "Calculated SPBRG value is out of range for currnet CLOCK_FREQ." 
    #endif 
#endif 
 
 
///////////////////////////////////////////////// 
//serStat defines 
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Servclie 
 
/* 
 *   servclie.h 
 */ 
void Udp2ServerInit(void); 
 
void GetID(void);    // only when the ID changed 
void closeAllUDP(void); 
void UdpSendID(char*, char*); 
void changeToString(int); 
int GetUDP2DBRecFlag(void); 
void ReSendID(void); 
void UDPRecName(void); 
int GetUDPMaintRecFlag(void); 
void UDPMaint(void); 
void serverSettings(void); 
 
/* 
 *   servclie.c 
 */ 
#include <p18f6621.h> 
#include <string.h> 
 
#include "appcfg.h" 
#include "servclie.h" 
#include "udp.h" 
#include "serint.h" 
#include "projdefs.h" 
#include "config.h" 
#include "cache.h" 
#include "stacktsk.h" 
#include "statistics.h" 
 
 
char prevID[11]; 
char defaultID[11]; 
 
static UDP_SOCKET socketUDP2DB = INVALID_UDP_SOCKET; 
static NODE_INFO serverNodeUDP2DB; 
 
static UDP_SOCKET socketUDP2Maint= INVALID_UDP_SOCKET; 
static NODE_INFO serverNodeUDP2Maint; 
 
char send[4]; 
 
void Udp2ServerInit(void) 
{ 
 int x; 
 
//--  Initialize server socket -- sends IDs to server and receives display names  
 serverNodeUDP2DB.MACAddr.v[0] = 0; 
    serverNodeUDP2DB.MACAddr.v[1] = 0; 
    serverNodeUDP2DB.MACAddr.v[2] = 0; 
    serverNodeUDP2DB.MACAddr.v[3] = 0; 
    serverNodeUDP2DB.MACAddr.v[4] = 0; 
    serverNodeUDP2DB.MACAddr.v[5] = 0; 
    serverNodeUDP2DB.IPAddr.v[0] = MachineConfig.SERVER_IP.v[0];  
    serverNodeUDP2DB.IPAddr.v[1] = MachineConfig.SERVER_IP.v[1];  
    serverNodeUDP2DB.IPAddr.v[2] = MachineConfig.SERVER_IP.v[2];  
    serverNodeUDP2DB.IPAddr.v[3] = MachineConfig.SERVER_IP.v[3];     
  
    socketUDP2DB = UDPOpen(4002, &serverNodeUDP2DB, 4000); 
 
//--  Initialize Maint socket -- maintenance messages between board and server 
 serverNodeUDP2Maint.MACAddr.v[0] = 0; 
    serverNodeUDP2Maint.MACAddr.v[1] = 0; 
    serverNodeUDP2Maint.MACAddr.v[2] = 0; 
    serverNodeUDP2Maint.MACAddr.v[3] = 0; 
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Statistics 
 
/* 
 *   statistics.h 
 */ 
 
#include "projdefs.h" 
 
void StatInit(void); 
void statsEnable(void); 
void takeStats(void); 
int statisticsGetFinal(statistic_type, int); 
void startStats(void); 
void endStats(void); 
void AdcUpdate(void); 
unsigned int getUserPosition(void); 
unsigned int getNumReps(void); 
void makeSettings(int); 
int finalSettings(int); 
int settingsReadyFlag(void); 
int userEffort(void); 
void paceISR(void); 
void updateStatus(void); 
unsigned float getUserLimit(void); 
void enablePaceTimer(void); 
void disablePaceTimer(void); 
void paceISR(void); 
 
 
 
/* 
 *   statistics.c 
 */ 
 
#include <p18f6621.h> 
#include <string.h> 
 
#include "statistics.h" 
#include "cache.h" 
#include "config.h" 
#include "delay.h" 
#include "led.h" 
 
enum state_type {INIT, STATS, FINISH}; 
enum state_type statState; 
 
unsigned int CumDispRT; 
unsigned int CumDispLT; 
unsigned int cntr; 
unsigned int innerCntr; 
unsigned int rtTracker[10];   
unsigned int ltTracker[10];  
 
unsigned int rtPos; 
unsigned int ltPos; 
unsigned int currentRTpos; 
unsigned int currentLTpos; 
unsigned int prevRTpos; 
unsigned int prevLTpos; 
unsigned int rtStatus; 
unsigned int ltStatus; 
 
int rtDirection; 
unsigned int rtMaxDisp; 
unsigned int rtRelDisp; 
unsigned int rtMinDisp; 
unsigned int rtMaxVel; 
unsigned int rtHigh; 
unsigned int rtLow; 
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UDP 
 
/* 
 *   udp.h 
 */ 
 
#ifndef UDP_H 
#define UDP_H 
 
#include "projdefs.h" 
 
#include "ip.h" 
#include "mac.h" 
 
typedef WORD UDP_PORT; 
typedef BYTE UDP_SOCKET; 
 
typedef struct _UDP_SOCKET_INFO 
{ 
    NODE_INFO   remoteNode; //10 bytes 
    UDP_PORT    remotePort; //2 bytes 
    UDP_PORT    localPort; //2 bytes 
    WORD        TxCount; //2 bytes 
    WORD        RxCount; //2 bytes 
    BUFFER      TxBuffer;  
    WORD        TxOffset; 
 
    struct 
    { 
        unsigned int bFirstRead     : 1; 
    } Flags; 
 
} UDP_SOCKET_INFO; 
 
#define INVALID_UDP_SOCKET      (0xff) 
#define INVALID_UDP_PORT        (0L) 
 
/* 
 * All module utilizing UDP module will get extern definition of 
 * activeUDPSocket.  While UDP module itself will define activeUDPSocket. 
 */ 
#if !defined(THIS_IS_UDP_MODULE) 
    extern UDP_SOCKET activeUDPSocket; 
    extern UDP_SOCKET_INFO  UDPSocketInfo[MAX_UDP_SOCKETS]; 
#endif 
 
 
typedef struct _UDP_HEADER 
{ 
    UDP_PORT    SourcePort; 
    UDP_PORT    DestinationPort; 
    WORD        Length; 
    WORD        Checksum; 
} UDP_HEADER; 
 
void        UDPInit(void); 
 
UDP_SOCKET UDPOpen(UDP_PORT localPort, NODE_INFO *remoteNode, UDP_PORT remotePort); 
 
void UDPClose(UDP_SOCKET s); 
 
#define UDPIsPutReady(s)        (activeUDPSocket = s, MACIsTxReady()) 
 
BOOL UDPPut(BYTE v); 
 
void UDPFlush(UDP_PORT lPort, UDP_PORT rPort); 
 
BOOL UDPIsGetReady(UDP_SOCKET s); 
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APPENDIX E 
 

Display Code 
 

Note that Appendix E documents the first page of each display project file. 
 
 

Name and Pace Display 
 
 
LCD 
 
/* 
 *   xlcd.h 
 */ 
 
#ifndef __XLCD_H 
#define __XLCD_H 
 
#define DATA_PORT      PORTB 
#define TRIS_DATA_PORT TRISB 
 
#define RW_PIN   PORTCbits.RC1   /* PORT for RW */ 
#define TRIS_RW  DDRCbits.RC1    /* TRIS for RW */ 
#define RS_PIN   PORTCbits.RC0   /* PORT for RS */ 
#define TRIS_RS  DDRCbits.RC0    /* TRIS for RS */ 
#define E_PIN    PORTCbits.RC2   /* PORT for E  */ 
#define TRIS_E   DDRCbits.RC2    /* TRIS for E  */ 
 
/* Display ON/OFF Control defines */ 
#define DON         0b00001111  /* Display on      */ 
#define DOFF        0b00001011  /* Display off     */ 
#define CURSOR_ON   0b00001111  /* Cursor on       */ 
#define CURSOR_OFF  0b00001101  /* Cursor off      */ 
#define BLINK_ON    0b00001111  /* Cursor Blink    */ 
#define BLINK_OFF   0b00001110  /* Cursor No Blink */ 
 
#define SHIFT_CUR_LEFT    0b00010011  /* Cursor shifts to the left   */ 
#define SHIFT_CUR_RIGHT   0b00010111  /* Cursor shifts to the right  */ 
#define SHIFT_DISP_LEFT   0b00011011  /* Display shifts to the left  */ 
#define SHIFT_DISP_RIGHT  0b00011111  /* Display shifts to the right */ 
 
/* Function Set defines */ 
#define FOUR_BIT   0b00101111  /* 4-bit Interface               */ 
#define EIGHT_BIT  0b00111111  /* 8-bit Interface               */ 
#define LINE_5X7   0b00110011  /* 5x7 characters, single line   */ 
#define LINE_5X10  0b00110111  /* 5x10 characters               */ 
#define LINES_5X7  0b00111011  /* 5x7 characters, multiple line */ 
 
#define PARAM_SCLASS auto 
#define MEM_MODEL near  /* Change this to near for small memory model */ 
 
void OpenXLCD(PARAM_SCLASS unsigned char); 
void SetCGRamAddr(PARAM_SCLASS unsigned char); 
void SetDDRamAddr(PARAM_SCLASS unsigned char); 
unsigned char BusyXLCD(void); 
void StatusSetXLCD(int); 
unsigned char ReadAddrXLCD(void); 
char ReadDataXLCD(void); 
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Combination Display 
 
 
LED 
 
/* 
 *   led.c 
 */ 
 
#include <p18f6621.h> 
#include <string.h> 
#include "led.h" 
#include "i2c.h" 
#include "cache.h" 
#include "config.h" 
#include "delay.h" 
#include "statistics.h" 
 
const unsigned int bit_table[11] = {0xBD, 0x09, 0x75, 0x6D, 0xC9, 0xEC, 0xFC, 0x0D, 0xFD, 0xCD, 0x00}; 
const unsigned int array_table[9] = {0x00, 0x01, 0x03, 0x07, 0x0F, 0x1F, 0x3F, 0x7F, 0xFF};//normal: 
//const unsigned int array_table[9] = {0x00, 0xFF, 0x7F, 0x3F, 0x1F, 0x0F, 0x07, 0x03, 0x01}; //shoulder press   
 
int hr; 
int prevhr; 
int green; 
int red; 
int switchHrReps; 
int userPresent; 
int prevColorState; 
int colorCnt; 
int prevColorGroup; 
int learning; 
 
void LedInit(void) 
{ 
    //Open I2C port 
    i2cOpen(); 
     
    hr = 125; 
    prevhr=0; 
    switchHrReps = 0; 
    userPresent = 0; 
    green = 0; 
    red = 0; 
    prevColorState = 0; 
    colorCnt = 0; 
    prevColorGroup = 2; 
} 
 
int LedBeginWrite(unsigned char control) 
{ 
 int respond = 1; 
 int cntr = 0; 
  
 while(respond == 1 && ++cntr < 50) 
 { 
  starti2c(); 
  i2cPutByte(control); 
  respond = ACK_check(); 
  if(respond == 1) //did not get acknowledgement from slave 
  { 
   stopi2c(); 
   DelayMs(2); 
  } 
 } 
 return respond; 
} 
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I2C 
 
/* 
 *   i2c.h 
 */ 
 
#ifndef I2C_H 
#define I2C_H 
 
#include "projdefs.h" 
 
#define SDA  PORTC_RC4 
#define SCL  PORTC_RC3 
 
void i2cOpen(void); 
int ACK_check(void); 
void i2cPutByte(unsigned char); 
void i2cPutBit(unsigned char); 
void starti2c(void); 
void stopi2c(void); 
 
 
 
/* 
 *   i2c.c 
 */ 
 
#include "i2c.h" 
#include "delay.h" 
 
void i2cOpen(void) 
{ 
   SSPSTAT &= 0x3F;              // power on state 
   SSPCON1 = 0x00;               // power on state 
   SSPCON2 = 0x00;               // power on state 
   TRISC_RC3 = 0;                // Set SCL (PORTC,3) pin to output 
   TRISC_RC4 = 0;                // Set SDA (PORTC,4) pin to output 
   
 //set A2, A1, A0 for XEEPROM address pins 
 TRISC_RC0 = 0; //make outputs 
 TRISC_RC1 = 0; 
 TRISC_RC2 = 0; 
 PORTC_RC0 = 0; //set pins to 0 
 PORTC_RC1 = 0; 
 PORTC_RC2 = 0; 
} 
 
int ACK_check(void) 
{ 
 int bitI2C; 
  
 SDA = 1; 
 TRISC_RC4 = 1; //SDA input 
 SCL = 0; 
 Delay10us(2); 
 SCL = 1; 
 bitI2C = SDA; 
 TRISC_RC4 = 0; //SDA output 
 Delay10us(2); 
 SCL = 0; 
  
 return bitI2C; 
} 
 
 
void i2cPutByte( unsigned char data_out ) 
{ 
 int b; 
 for(b=0; b<8; b++) 
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Knee Display 
 
Led 
 
/* 
 *   led.h 
 */ 
 
#ifndef LED_H 
#define LED_H 
 
#include "projdefs.h" 
 
void LedInit(void); 
int LedBeginWrite(unsigned char); 
int LedWrite(unsigned char); 
int LedEndWrite(unsigned char); 
void setLED(int, int); 
void displayPosition(void); 
void led_setUser(int s); 
void setIndicator(void); 
 
#endif  //#ifndef HR_H 
 
 
/* 
 *   led.c 
 */ 
#include <p18f6621.h> 
#include <string.h> 
#include "led.h" 
#include "i2c.h" 
#include "cache.h" 
#include "config.h" 
#include "delay.h" 
#include "statistics.h" 
 
const unsigned int bit_table[11] = {0xBD, 0x09, 0x75, 0x6D, 0xC9, 0xEC, 0xFC, 0x0D, 0xFD, 0xCD, 0x00}; 
const unsigned int array_table[9] = {0x00, 0x01, 0x03, 0x07, 0x0F, 0x1F, 0x3F, 0x7F, 0xFF}; 
 
int hr; 
int prevhr; 
int green; 
int red; 
int switchHrReps; 
int userPresent; 
int prevColorState; 
int colorCnt; 
int prevColorGroup; 
int learning; 
 
void LedInit(void) 
{ 
    //Open I2C port 
    i2cOpen(); 
     
    hr = 125; 
    prevhr=0; 
    switchHrReps = 0; 
    userPresent = 0; 
    green = 0; 
    red = 0; 
    prevColorState = 0; 
    colorCnt = 0; 
    prevColorGroup = 2; 
} 
 
int LedBeginWrite(unsigned char control) 
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Kiosk Disply 
 
 
Kiosk 
 
/**************************************************************************************  
 

Kiosk.java 
 
**************************************************************************************/ 
 
//graph 
import java.awt.Color; 
import java.awt.Dimension; 
import java.awt.Font; 
 
import myUDP.*; 
 
import org.jfree.chart.ChartFactory; 
import org.jfree.chart.ChartPanel; 
import org.jfree.chart.JFreeChart; 
import org.jfree.chart.axis.CategoryAxis; 
import org.jfree.chart.axis.CategoryLabelPositions; 
import org.jfree.chart.axis.SubCategoryAxis; 
import org.jfree.chart.labels.ItemLabelAnchor; 
import org.jfree.chart.labels.ItemLabelPosition; 
import org.jfree.chart.plot.CategoryPlot; 
import org.jfree.chart.plot.PlotOrientation; 
import org.jfree.chart.renderer.category.BarRenderer; 
import org.jfree.chart.renderer.category.GroupedStackedBarRenderer; 
import org.jfree.data.KeyToGroupMap; 
import org.jfree.data.category.DefaultCategoryDataset; 
import org.jfree.ui.TextAnchor; 
 
//tabbed 
import javax.swing.JLabel; 
import javax.swing.JPanel; 
import javax.swing.JFrame; 
import javax.swing.JComponent; 
import java.awt.BorderLayout; 
import java.awt.GridLayout; 
 
 
public class Kiosk extends JPanel  
{ 
 static String name; 
 static int settings[]; 
 static float Tstatistics[]; 
 static float Astatistics[]; 
 static boolean flag; 
 static UDPThread thr; 
 static JFrame frame; 
 static JComponent newContentPane; 
 boolean stacked=false; 
  
 public static void main(String[] args)  
 { 
  Tstatistics = new float[24]; 
  Astatistics = new float[24]; 
  settings = new int[12]; 
   
  thr = new UDPThread(); 
  thr.start(); 
  createAndShowGUI(); 
   
  while(true) 
  { 



139 

 

UDPSendRequest 
 
/**************************************************************************************  
 

UDPSendRequest.java 
 
**************************************************************************************/ 
 
package myUDP; 
 
//for UDP 
import java.net.*;    // for DatagramSocket, DatagramPacket, and InetAddress 
 
public class UDPSendRequest extends Thread 
{ 
 InetAddress destAddr; 
 int destPort; 
 DatagramSocket sock; 
 int typeMessage; 
 String idNumber; 
  
 public UDPSendRequest(int type, String id) 
 { 
  byte[] servAddr = new byte[4]; 
  destPort = 4000;               // Destination port 
  typeMessage = type;   
  idNumber = id; 
   
  servAddr[0]=(byte)192; 
  servAddr[1]=(byte)168; 
  servAddr[2]=0; 
  servAddr[3]=54; 
   
  try{ 
   destAddr = InetAddress.getByAddress(servAddr);  // Destination address 
   //destAddr = InetAddress.getLocalHost();  // Destination address 
    
   sock = new DatagramSocket(); // UDP socket for sending 
  } 
  catch(Exception e){ 
   System.err.println("error send constructor"); 
  } 
 } 
  
 public void run() 
 { 
  idNumber = idNumber.concat("?"); 
  //if(typeMessage == 1) //send request for number of A, B, and C stats 
  byte[] myMess = new byte[idNumber.length()+1]; 
  idNumber.getBytes(0, idNumber.length(), myMess, 0); 
 
  try{ 
   DatagramPacket message = new DatagramPacket(myMess, myMess.length, destAddr, destPort); 
   sock.send(message); 
   sock.close(); 
  } 
  catch(Exception e){ 
   System.err.println("error sending"); 
  } 
   } 
} 
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UDPThread 
 
/**************************************************************************************  
 

UDPThread.java 
 
**************************************************************************************/ 
 
 
package myUDP; 
 
//for UDP 
import java.net.*;    // for DatagramSocket, DatagramPacket, and InetAddress 
 
//for Dialog Box 
import java.util.*; 
import java.lang.Float; 
 
public class UDPThread extends Thread 
{ 
 static boolean person;  //user or non-user 
 static boolean guiReady; 
 static String userName; 
 static float[] Tstats;   
 static float[] Astats;   
 static int[] setup; 
 static String id; 
 DatagramSocket socket; 
 DatagramPacket packet; 
 static int numOfStats; 
 static int numReceived; 
 static String[] dataMtrx; 
 static enum state_type {NAME_ID, MACH_SETS, WKOUT_NUM, WKOUT_DATA}; 
 static state_type currentState; 
 static state_type nextState; 
  
 public UDPThread() 
 { 
  person = false; 
  guiReady = false; 
  Tstats = new float[24]; //today stats 
  Astats = new float[24]; //average stats 
  setup = new int[12]; 
  currentState = state_type.NAME_ID; 
 } 
  
 public void run() 
 { 
  int servPort = 4004; 
  byte[] dataIn = new byte[260];  
     String received; 
   
  try{ 
   socket = new DatagramSocket(servPort); 
   packet = new DatagramPacket(dataIn, 260); 
  } 
  catch(Exception e){ 
   System.err.println("error"); 
  } 
   
  for (;;)  
  {   
   try{     
    socket.receive(packet);   
    received = new String(packet.getData(), 0); 
     
    processMessage(received); 
    received = "\0"; 
   } 
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