[image: image1]
Final Project Documentation

EE Senior Design

May 6, 2008

Mike Clarke

Brendan Hennessy

Evan Lintz

Kevin Carr Payne

I. TABLE OF CONTENTS

a. Introduction
3
b. Detailed Project Description

i. System Theory
8
ii. System Block Diagram
8
iii. Detailed Subsystem Operation:

1. Visual Basic Front-end
9
2. USB Interface
10
3. Control Box
11
4. Wireless Communication
13
5. Receiver
14

6. Ignition
20
7. Launch Pad
21
c. System Integration Testing
22
d. User/Installation Manual
23
e. Conclusions
30
f. Appendices
31
A.  INTRODUCTION

     According to the Center for Disease Control and Prevention, four people were killed and over 10,000 people had to be taken to the emergency room on fireworks related injuries just last year.  Five percent of these injuries required hospitalization.  Over half of these injuries are burn related and affect mostly the eyes, head, and hands.  Also, children ages 10-14 are those most commonly injured.  It is obvious that there are serious dangers when using fireworks that can lead to permanent injuries such as blindness and scars.  In all, the CDC cited various factors in their report on fireworks safety regarding how these injuries occur.  The main factors for injuries include:  availability of firework, type, being too close, lack of physical coordination, curiosity, and experimentation.  Our project will provide a solution for the factors of being too close and lack of physical coordination that can result in fireworks injuries.  Typically, one is forced to simply light an unreliable fuse and run as fast as one can to get a safe distance.       

     Another problem we will address is that putting on a show at home fireworks show is nearly impossible.  One is forced to light one firework at a time which could lead to haste and an increased chance of injury.  Additionally, the person will not be able to sit back and enjoy the fireworks show. 

     Our senior design project will provide a solution to making fireworks safer.  It will also provide an interface so as to enable one to safely put on a fireworks display.  The logical functions of our proposed solution are summarized below: 


[image: image60.png]



Our system will offer both fireworks safety and show design functionality.  In terms of safety features, we will offer remote launch and ignition through wireless communication as well as an emergency stop button.  Further, test mode will be used to determine what fireworks are properly connected and can be expected to be launched.  The safety platform, proximity sensor, and loaded tube illumination will provide added safety features to keep people away from the system during launch.  Another function of our system is show design that is represented by a timed launch sequence as well as a layout of the fireworks display.  A preview mode could also allow the user to see their show that they designed.  The system will also be capable of multiple launches that can be coordinated with music as designed in the software.  The following two sections go into greater detail concerning the system’s functionality.
Fireworks Safety:  The main cause of fireworks incidents that we are going to eliminate are being too close and lacking physical coordination.  Oftentimes fireworks are very unpredictable.  The fuse for instance may be short or runs too fast – leading to an ignition before the individual is a safe distance away.  In all, the individual has to simply light the fuse, hope they can get out of the way, and run back a safe distance.  We will eliminate having to do this through a remote ignition interface.  By creating this safety device for fireworks, we hope to provide a safe and effective way for lighting and launching fireworks.

     The first feature of this device will be the remote launch and ignition.  In order to launch a firework from a distance, an electrical igniter will be necessary.  This igniter will take advantage of the heat generated when a current flows through a piece of metal.  We will create a heat element to ignite the firework fuse from a safe distance. Since we will be firing a multitude of fireworks that are specifically timed, we will need to design a sophisticated remote launching set-up.  We plan to incorporate three firework modules that will be loaded with three different kinds of fireworks, mortars, rockets, and fountains.   These modules will be controlled wirelessly by a computer programmed transmitter.  This will allow for the safe, effective launch of fireworks.

     The emergency stop button feature is just what the name implies.  On the fireworks control device, there will be an automatic stop that clears the rest of the fireworks ignitions and allows one to approach the launch platform if something goes wrong.  This will basically be a simple interrupt.

     The test mode function will send small currents through the remote ignition device to ensure no open circuits exist and everything is wired correctly.  This will ensure that all fireworks light and that everything is in working order before the launch.  
     The safety platform function is basically just a sturdy stand for the fireworks.  We hope to be launching multiple fireworks at once, so the stand will provide the tube and supports for all launching needs. 

     Now at the final stage of our design process, we can see that we accomplished many of the safety features we set out to incorporate with our system.  We were able to accomplish remote ignition as well as a test mode feature through the wireless communication of the Xbee chips.  In addition, an emergency button was included in the system to allow the user to interrupt the launch sequence and avoid any injuries.  However, the proximity sensor functionality was not included in the final design.  The cost of this feature proved to be an obstacle.  Also, the group felt that the emergency stop button could provide the same functionality by stopping the system if any people or objects moved into the firing zone.  The loaded tube illumination feature was also ignored.  Since the user would be approximately two-hundred feet away from the launching tubes, LEDs used to indicate a loaded would be very difficult to see.  As a result, we abandoned this safety feature and added the dual-keyed ignition switch safety feature.  This functionality required two keys to be turned into the fire position to the arm the system.  Without these keys, a system launch would be impossible.
Firework Show Design:  By being able to control the launch sequence of various fireworks, we will allow the user to have complete control over the firework display.  This will mostly be seen via a computer.  

     The layout of the fireworks in the field will provide a spatial display for where everything is being launched.  This will allow one to choose what type of firework is launched and when.  For instance, if one has fountain type and mortar type fireworks, one would not like all the mortars to go off at once or at one specific location, but varied throughout the show.  Being able to see the layout will allow the user to choose the launch sequence.  This will be designed on a computer.

     The next function will be control over the launch sequence.  After one determines where the types of fireworks are located in the field, a time sequence can be established for when a firework is to go off.  For example, the mortars mentioned in the previous paragraph will go off at various intervals instead of all at once.

     Once again, the final stage of our design varied slightly from our original goals.  Using a VB program and CSV file, we were able to implement a time sequenced launch that allowed for multiple launches.  Also, the user could see the location and type of firework to be launched at specific time intervals.  Two features that were not included are a fully functional preview mode as well as synchronization with music.  These features would definitely add value to the system and allow the user to design a show with more and complexity.  In a later version of the software, this updated functionality would be very useful.
High Level Description:     Below is the block diagram of our system which provides a high level overview of each subsystem.  First, a computer is used to design a fireworks show using a CSV file that stores the time sequence and module/firework selection.  Once the show has been designed, the show is downloaded through USB into the base station or control box (a laptop is not necessary out in the field).  This control box can then be used as the “brains” of the system to run much of the functionality of our system.  First, the control box can run in manual and auto mode.  For the manual mode, a specific firework, type, and module [image: image28.emf]can be chosen to either test or fire.  Further, the control box in auto mode can run a full system test to ensure proper connections as well as automatically run the downloaded show.  Through Zigbee and wireless communication, the control box transmits the command to each module and its receiver board.  These receiver boards use a system of demultipliers to select fireworks.  The selection process picks a transistor unique to each firework to turn on and allow a surge of current to flow through to create ignition.  In test mode, this current is much lower and will not result in ignition.  This is a brief high level overview of the overall system.
Expectations:  Overall, our system exceeded our expectations.  It was successfully able to launch over seventy percent of the over two-hundred fireworks loaded into the system.  Our success rate of launch would have been much higher on launch day had the weather been more cooperative with lower winds and less rain.  During the design review, our system performed very well at running a loaded test show as well as manual mode testing and firing.  For launch day, our planned twenty five minute show showcased our system’s ability to launch fireworks along a timed sequence.  Also, the system displayed its ability to fire multiple modules and firework types at planned time intervals.  Below, one can see a brief diagram of the final capabilities of our system.
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In our discussions with fireworks professionals, our system’s capability seems to be of interest.  The professional fireworks industry currently uses expensive systems (roughly $10,000 or more) to run their shows.  The interest in our system lies in its ability to drastically cut costs as well as provide a comprehensive system to regular consumers.  No system currently exists in the market and our project could serve to fill that niche.
B.i  System Theory of Operation

Our senior design project will provide a solution to making fireworks safer.  It will also provide an interface so as to enable one to safely put on a fireworks display.  The logical functions of our proposed solution are summarized below:
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Our system will allow for the user to design a firework show on a computer, download the show to a control box, and then wirelessly communicate to three modules in the field to electronically ignite the fireworks in the programmed sequence.  

B.ii  System Block Diagram
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B.iii.1 VisualBasic Front-end Subsystem
In order to easily design a fireworks show from the comfort of a computer or laptop, our fireworks ignition system includes a graphical user interface which allows an enthusiast to enter the number of fireworks they wish to launch.  The user also chooses the time, type, and module to launch as well.  These shows are able to be saved using the File->Save as command, which stores the show in a comma-separated text file.

The software was designed and written in VB.net 2007 for its ease of use when generated graphical user interfaces as well as the ease with which the software interfaces with serial ports.
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The system was tested by trial and error using the debugging tools included in the Visual Studio Express toolkit.  

B.iii.2 USB Interface Subsystem
Once “Download Show” is clicked inside the program, the software begins to download the show to the microcontroller.  Our control box has automatic detection on startup to determine if it is connected via USB to a desktop or laptop.  Following the connectivity test to determine if other modules are connected, the microcontroller enters the Ready to Download state, which listens actively for the start of the download sequence.  The initial download sequence is identified by the ASCII character ‘S’ followed by two bytes that indicate the length of the transmission.  The format for saving to the EEPROM is as follows:
	Byte 0
	Byte 1
	Byte 2
	Byte 3

	Time offset high (secs)
	Time offset low  (secs)
	Firework type (0-3)
	Firework module


The visual basic program uses the virtual COM port provided by the FTDI part to shift out each byte as an ASCII character, which is then saved by the microcontroller.  The process requires two steps:

1. Download data to temporary buffer

2. Save data in buffer to EEPROM

During the Download stage, the LCD on the control box indicates “Downloading…”

During the Save Data stage, the LCD on the control box indicates “Saving…”

Once the sequence is complete, a success message is indicated on the control box.  If the control box is left plugged into the USB port, it will proceed to indicate that it is once again ready to download, along with a line of text stating that a program is already stored in the microcontroller.

To test this subsystem, a simple EEPROM program was written to run on the microcontroller and save just four lines of text received from HyperTerminal.  Once it was established how to save to the EEPROM, the protocol was implemented and tested between the VB program and the microcontroller.

B.iii.3 Control Box

The control box provides the primary interface between the user and the ability to launch fireworks.  As such, the box implements a number of backlit buttons and LCD screen for the user’s convenience.  Also, dual-key ignition promotes safety, since the ability to launch fireworks hinges on both keys turned to the “on” position.  There are four states that the software can exist in:

· Idle Mode

· Test Mode

· Fire Mode

· USB Download Mode (only entered into when the USB is connected to another device)

The software can then be used in two different capacities, based on a 3-way selector:

· Manual

· Idle

· Automatic

Idle mode occurs when the software is not preparing for a specific task.  Instead, the microcontroller awaits the selection of either fire or test mode.  When one of these buttons is chosen, the selector determines whether the software enters Auto Test, Manual Test, Auto Fire, or Manual Fire.

Automatic test mode conducts a basic conductivity test for all fireworks stored in the EEPROM for an anticipated fireworks show.  The results are then displayed as either “No errors found” or “Errors found, use up/down buttons to view”.  The errors should then be corrected by the operator in the field.  Each error indicates the firework type, the firework #, and the module.  These are clearly marked on the physical devices to aid troubleshooting in the field.

Manual testing allows the user to conduct an individual test of any firework of a connected module.  The result is then immediately displayed, and the user is given the option to either manually test another firework or go back to the main menu.

Automatic firing mode provides the critical functionality for displaying a show.  If the button is chosen and confirmed when both keys are rotated to on, the microcontroller begins loading each firework stored on the EEPROM and launching it based on the time offset.  Multiple fireworks with the same offset are launched immediately after one another to provide a sense of simultaneity for viewers.  During the show, the LCD screen displays a countdown to the next firework, so as to indicate that it is still alive and has not locked up.  When the show is complete, a message indicating this is displayed.  If an emergency develops, pressing the cancel button, rotating a key, or powering off the device will terminate the show until it is restarted by the user 

Manual firing mode provides the user with the opportunity to ignite a single firework on a connected module.  The same restrictions that require both keys to be activated are still mandatory inside manual fire mode.

The circuit that makes up the control box contains two UART interconnections:

· FTDI USB part

· XBee Wireless part

In addition to these two connections, there is a current-limited connection between the +5V on the USB connection straight into the microcontroller that lets the software determine whether it is connected or not.  Additional circuitry is in place to connect many of the ports of the microcontroller with the external buttons and switches on the control box itself.  Two ribbon cables, one for the LCD screen and one for the buttons, connect the board to the rest of the box.  The power comes from a single 9V battery that is voltage regulated down to 3.3V the microcontroller, XBee, and FTDI parts.

The code to implement the control box was developed primarily on the Multi-Board circuit that was furnished to our team to assist in development.  Ultimately, that board could have served as a rough version of the control box code, since it implemented all of the basic functionality we needed inside the control box (i.e., UART communication between the FTDI and Xbee).  Once the code was known to work on this proven board, we devised a similar board that allowed the USB check and easier connectivity with the buttons.  Despite some slight soldering issues, the parts were successfully mounted on the board and the program worked with only small modifications (due primarily to difference in input/output ports between the Multi-Board and our custom board).
The control box allows the user to wirelessly control the firework modules from up to a mile away.  The control box can store one show created in the Fireworks Designer at a time.  The show can be downloaded using USB.  Once the show is downloaded, the user can test or fire the show while in AUTO mode.  In MANUAL mode, the user can individually fire or test any firework.  The user interacts with the system through an LCD screen and three buttons, TEST, FIRE, and STOP.  The user can also scroll up and down on the LCD using an UP and DOWN arrow key.  A slider switch is used to select TEST or FIRE mode.  For safety, dual keyed switches must be turned to arm the system right before arming to fire.  The control box is powered by a single 9V battery.

Pictures: See Appendix A.1, A.2, and A.3 for schematic and PCB layout.
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B.iii.4 Wireless Communication

The wireless protocol was created to be as simple as possible.  Three types of sender transmissions are permissible:
	Sender message
	Sender Content
	Receiver Response
	Receiver Content

	Identify
	‘i’ ‘<anything>’
	
	

	Test firework
	‘t’ ‘<0-79>’
	1 = Success, 0 = Fail
	‘<0-79>’ ‘<0-1>’

	Fire firework
	‘f’ ‘<0-79>’
	None
	---


To secure the system against unintentional launching of fireworks, the following restrictions were put in place:

· All Piratechnic Zigbee transmissions occur on PANID 1337

· Only message from address range 5000 – 500F are processed

· All messages are encrypted with AES 128-bit encryption (password:  BADA33E3)

· Only receivers that respond with the appropriate message upon ident are sent fireworks instructions

Ring buffers on both the sender and receiver store data as it is collected.  Once a full message is collected, a flag is raised and the software deals with the message (sending a response if needed).

This subsystem was tested with the use of both Multi-Boards, starting with basic character transmission and display up through the processing of actual messages.  Much work had to be done to ensure that buffers weren’t filled up too rapidly and that messages were processed in a timely manner.

B.iii.5 Receiver
[image: image30.emf]     For our system, three receiver boards were used.  Each board was attached to a specific module which incorporated a bottle rocket, mortar, and fountain pod.  In effect, the receiver board acts to interpret signals from the transmitter board and translate those into test and fire commands for selected firework types and numbers.  Below, one can see a picture of the receiver board as it is currently used on the module.  This board served as the “brains” of the module to conduct system connectivity testing through the test FET as well as firing through the fire FET.  Each white wire shown in this picture connects to the gate of a selector FET that would be turned high to select a particular firework to either be tested or fired.  A more detailed discussion of the circuitry and system testing performed will now be discussed.
     The schematic below represents the first of three sheets.  This one highlights the connections for the microcontroller, programmer, and 3.3V and 5V voltage regulators.

[image: image31.emf]
Through a series of busses, the microcontroller is connected to the Zigbee wireless chip as well as the de-multipliers that are used to select the appropriate fireworks.  The 3.3V regulator input power from a 9V battery and stepped it down to 3.3V for the microcontroller to operate.  A logical 1 outputs 3.3V from the microcontroller and a logical 0 outputs 0.0V.  On the second schematic sheet, the buffer and Zigbee connections are shown. 
[image: image32.emf]The buffer served to boost the 3.3V output signal from the microcontroller by outputting 5V through the use of the 5V voltage regulator.  This buffer was needed to turn on the test and fire FETs to a reasonable voltage to allow the proper current to flow.  With only 3.3V put on the gate, the FETs would not have been able to operate in the linear region.  Instead, with 5V the FET consistently turned on and allowed a current of approximately 120mA in test mode and 3.5-4A during fire mode.  Further, the connections to the Zigbee chip followed the typical pattern of input, output, power, and ground pins.  On the final schematic sheet, the complex interconnections to the five demultiplier chips are shown.  Each chip had five pins that connected to the microcontroller corresponding to four selector pins and one enable pin.  The demultipliers had a total of eighty outputs that corresponded to each firework.  By setting a certain configuration on the selector pins, a specific firework address could be found and the selector FET for that firework could be turned on with 5V on the gate.  For example, firework 8 would correspond to the enable pins being set to 1000 (binary) and a 0 (active low) on the enable pin.
[image: image33.emf]     Extensive subsystem testing was conducted to ensure the proper functionality of our receiver boards.  Once all of the parts had been soldered onto the board, simple test scripts were written to select pins on each demultiplier.  This in effect would verify the functionality of our firework selection process.  Through this testing effort, we were able to discover two minor problems with our boards.  For each demultiplier, the Vss pin was not properly connected to ground a small bridge wire had to be soldered to ensure each chip was properly grounded.  Also, a trace connecting power and ground pins had to be cut so as to avoid a short circuit on our board that could fry our components.
    While running through these test scripts, a DMM provided an indication of when the demultiplier chips were functioning properly.  If a pin was set high and 0.0V appeared on the multi-meter, more extensive testing had to be conducted.  Another important testing feature we used on the DMM was the diode/short circuit mode.  This allowed us to determine whether or not a proper solder connection was made between the microcontroller pin and demultiplier pin.  After running through many iterations of this testing, we were able to successfully ensure the proper functionality of our demultiplier chips.
     We conducted further testing using the diode/short circuit mode on the DMM to probe proper connections to the buffer chip, Zigbee chip, and test and fire FETs.  Once again, by writing short computer programs that toggled microcontroller pins, we were able to probe and determine if the proper pins were being set high or low on the chips.  The board layout below highlights the major areas that had to be debugged including the [image: image34.emf]4514D demultiplier chips, PIC18F6628 microcontroller, and test and fire FETs.  At the bottom of this board layout, one can also see the Jameco microfit connectors that served to link the demultiplier output pins to the gate of the firework selector FET.  These connectors were simple to use and ensured a tight connection to allow us to ensure proper functionality when selecting fireworks.  Each connector had sixteen output pins that were crimped and linked to the selector FET gates.  One last screw connector was used to tie ground to this board as well as link the sources of all of the selector FETs.  The ground connection created a common ground between the batteries, selector FETs, and the receiver board.  The other connector to the source linked the firework selector FET to ground either through the drain of the test FET or firework FET.  By running the current to ground through the test FET, the microcontroller can measure the voltage and ensure a proper connection for the igniter wire at the firework.  If the fire FET is turned on and the current runs through this FET to ground, 3.5-4A will run through the trace and heat up the igniter wire to light the fuse.
     Another important component to the receiver board is the software that runs on the microcontroller.  The main functions that run on this chip include the API identifier, wireless communication, test and fire FETs, and demultiplier selection process.
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In the software flow chart, the first box corresponds to the API identification protocol.  Essentially this function works that once the receiver board is powered on, it broadcast a unique identifier signal that can be interpreted by the transmitter control box as a certain module address.  The control box can then correctly indicate which modules are connected.  In running the wireless communication protocol, the receiver follows a very simple protocol.  After establishing its identification with the transmitter board, it waits to receive a command from the base station.  Upon receiving a command that is uniquely addressed and interrupt driven, the receiver board’s Zigbee chip communicates back to the control box that the signal has been received.  The transmitter board ensures that each signal that is sent out to the receiver boards is properly received.  
     Once the command or signal from the transmitter has been received, it is executed on the receiver board.  The board operates in either test or fire mode.  In test mode, the test FET is turned on high and pin F3 on the microcontroller is used to measure the voltage.  The microcontroller then passes a success if the pin measures a voltage above the threshold (approx. 2.2V) and a failure (open circuit) if below this.  The results are then communicated back to the control box wirelessly that attaches a failure message to a particular module, firework type, and firework number.  In fire mode, the fire FET is turned on and allows the flow of 3.5-4A of current directly to ground.  In order to properly select the firework to either test or fire, the demultiplier selection code is run.  Essentially, the receiver board receives a firework number command from the transmitter.  Consider the firework number 34.  The receiver has to determine which demultiplier and output pin to set to turn on the selection FET for firework 34.  The code first divides the firework number by 16 (sixteen outputs on each demultiplier chip).  The whole number represents which demultiplier to select and the remainder corresponds to the demultiplier pin to set to high.  This code would choose the third demultiplier chip and the third output pin.  The code was written so that fireworks 0-47 were bottle rockets, 48-71 were mortars, and 72-79 were fountains.  During this selection process, an immediate emergency stop command could serve as an interrupt to the system to stop all further firework fire executions and ensure system shut down.  This description provides a brief overview into the flow of the code when executing commands on the receiver board.  (For the full list of receiver code, please refer to section B.2 in the appendix).
     In choosing what chips were to be used on the receiver board, great attention and focus were placed on the microcontroller, demultiplier, fire and test FETs.  The choice for the microcontroller basically represented an ease of use and compatibility issue.  This microcontroller operated at 3.3V logic, used the C programming language, and allowed us to reuse many functions from the multi-boards used during the design review process.  Selecting the 74-4514D demultiplier chip offered an inexpensive solution to selecting many fireworks while still using a minimal number of microcontroller pins.  This chip used active high logic that output a high voltage of 5V each time the selector pins were set to that particular output pin.  This 5V output was ideal for turning on our firework selector FETs quickly and allowed them to operate in the linear region.  Lastly, the selection of our surface mount TO-252AA RFD1405 FETs resulted from an extensive trial and error process.  Our group tested numerous inexpensive FETs that could allow a drain current to pass through.  Ultimately, we ended up choosing these FETs because they had a low enough turn on and gate-source voltage so as to allow 5V to fully turn them on.  Other FETs would not turn with this gate voltage and this severely limited the drain current to roughly 1.5-2A.  For a 1-2 second ignition, approximately 3.5-4A is needed and these FETs turned on at 5V and gave us that necessary high drain current.
B.iii.6 Ignition
To select the firework to ignite, we use a simple transistor system shown below.  See Appendix A.8 and A.9 for a schematic and layout.  Basically, we use 5V from the DEMUX to the gate to open the circuit, allowing 4.0A to flow through the .011” stainless steel wire – this allows for ignition in approximately 2-3 seconds.  The 75 ohm resistor in series with the DEMUX and gate is used to limit the current that flows back into the DEMUX.  The 1 Mohm in series with the gate and the source is used to ensure fast discharge of the charge on the gate so the transistor will turn off quickly and the igniter turns off quickly when commanded to. 
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B.iii.7  Launch Pad




The launch pad consists of the physical module which held the fireworks as well as the ignition and receiver circuitry.  All the modules were constructed from ply wood and 2x4s.  Each module consisted of two parts, a bottle rocket launcher and a mortar/fountain launcher.  We used ½” PVC pipe to hold the bottle rockets and we a combination of fiberglass and HDPE commercial mortar tubes for our mortar module.  An ignition FET was attached onto the plywood near each launch tube.  All the fireworks shared a common 12V power and FET source but individual wires had to be run the gate of each ignition FET.  #6/32 machine screws and nuts were used as conductive holders for the .011” stainless steel fishing line.  The Mortar Launcher had a terminal strip at one end from which 8 wires for fountains could be run.  Each set of wires had two machine screw connectors to hold the ignition wire just as on the bottle rocket and mortar launcher.
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C. System Integration Testing

     For the transmitter board, our testing began with a set of connectivity tests to ensure ground and +9V weren’t shorted.  When we powered the board on, we began by loading our sender program onto the pic and programming the Xbee chip with the appropriate information.  Once it was established that the sender was emitting the correct signals over the air, we proceeded to build up the receiver boards.

For the receiver board, our testing consisted of basic connectivity tests to make sure that ground and +3.3V or +5V were inadvertently connected.  From there, the team loaded a program that would choose each pin from the DEMUX so as to prove with a DMM that the appropriate fireworks were being selected.  Lots of soldering issues emerged here.  One oversight we did make was test just the first (0) pin and the last (15) pin, assuming that if all the pins could turn off, and all the pins could turn on, the DEMUX must be wired correctly.  On two of the 15 DEMUXES used in our system, however, we ran into problems of shorting two selector pins together.  As a result, the DEMUX worked fine when the pins were all 0000 or all 1111, but when two were different (ie 1011 or 0111), the device failed to choose the appropriate firework.  Several jumpers needed to be run in order to further correct bad microcontroller pins that were identified in the course of testing.

     Once this connectivity was established, all that remained was to ensure the test and fire FETs were wired appropriately, so as to handle the large current moving through the igniter boards.

     Ultimately, our biggest problem was that of scale.  Producing 6 full-size modules, with 240 ignition boards, lends itself to some errors in the process of construction.  Once the modules were completed, we created a fireworks show that launched every firework from every module in 3 second intervals.  Using the automatic firing sequence on the control box, we tested the two screws for +12V when each firework was to be selected.

Once in the field on the day of launch, the team conducted several manual tests at the last minute to ensure that connectivity was established with all three modules.  We realized that the third module was producing all errors for any firework tested, so one team member ran to fix the issue mere minutes before launch time.  Upon successfully passing manual checks of several fireworks in this module, we were convinced that the system would work as anticipated for the pleasure of all viewers.

     By implementing the testing modes, we knew that our system would meet the two biggest design requirements prior to actually launching any fireworks at all:

· Safety

· Enjoyment

D. Users Manual/Installation Manual

Congratulations!!!  You have just purchased the Team Piratechnics v1.0 Wireless Fireworks Launcher!  This manual will guide you through the set up and use procedures.

1. How to install & setup the Team Piratechnics v1.0 Wireless Fireworks Launcher!

Installation is simple with the Team Piratechnics v1.0 Wireless Fireworks Launcher!  All modules come fully assembled and if everything is working correctly, it should be a breeze to install.  

A. First, find a clear and open area and place the various modules on the ground.  The Team Piratechnics v1.0 Wireless Fireworks Launcher comes with 3 modules, each with a rocket section, mortar section and fountain section.  
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 Rocket Module Example

B. Attach the respective 5 Jenco Adapters to the Piratechnics circuit boards attached to each module.


[image: image10]
C. You are almost there!  Now it is time to load up your fireworks show into the Team Piratechnics v1.0 Wireless Fireworks Launcher.  Carefully drop the fireworks into their respective tubes, starting at 0 and working your way up.  Tie a stainless steel ignition wire to the end of the fuse and twist the ends into the screw/nut on each end.  Repeat until all fireworks are loaded into the system.

[image: image11]
D. Now comes the fun part, designing the timing sequence of your show.  Open up the visual basic program that comes with the Team Piratechnics v1.0 Wireless Fireworks Launcher and begin.  You will be welcomed to a screen that looks like this:
[image: image37.emf]
E. Begin loading up your show by filling in the timing sequence and location of firework in the chart.  The module is the one of three modules included.  The delay builds on itself so keep adding to the timing.  For instance Launch #1 is ten seconds in and Launch #2 is five seconds after in this example. Click “Display Show” to preview the timing sequence of your show.  One can save this show by going to file – save and save it as a .csv file.  One can also open a previously saved show.


[image: image12]
F. Once you are done loading up your show, it is time to load your fireworks show onto the wireless transmitter box.  Attach the USB cable to the wireless control box and choose COM Port 7 on the program menu.  Turn on the transmitter box and click download show on the program menu.  It should begin to download into the transmitter and will indicate that is complete at the appropriate time.

G. Now that everything is loaded and you are ready to go, it is time to power up your Team Piratechnics v1.0 Wireless Fireworks Launcher.  This is done by taking 4 6V lantern batteries (per module) in parallel and attaching them to the appropriate power areas indicated on each module.


[image: image13]
H. The Team Piratechnics v1.0 Wireless Fireworks Launcher is now hot, so BE CAREFUL!!!  It is now time for the show.  Using your transmitter and staying at a safe distance, power on the transmitter control box and switch it to AUTO Mode.  


[image: image14]
I. The Team Piratechnics v1.0 Wireless Fireworks Launcher is now ready for testing.  Press the yellow test button – the system will now test the connections to ensure all fireworks programmed into the show are connected.  If there are any misconnections, it will inform you as to their location and you must go into the field and rewire them.  But remember to BE CAREFUL!!! It may also be a good idea to power down the module you are working on.
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J. It is now time to fire the system.  Press the green FIRE button once.  You will be directed to turn both of the keys to ARM.


[image: image16]
K. The Team Piratechnics v1.0 Wireless Fireworks Launcher is now good to go!  Simply press the FIRE button one more time and the show will begin.  Stand back and enjoy the glory of the Team Piratechnics v1.0 Wireless Fireworks Launcher!!!  In case of an emergency, simply press the red STOP button.  A screen will appear to tell the time until the next firework.


[image: image17]
2. How the user can tell if the Team Piratechnics v1.0 Wireless Fireworks Launcher is working:

[image: image18.png]



3. How the user can troubleshoot the Team Piratechnics v1.0 Wireless Fireworks Launcher:

A. Check the power and power grid of transistors underneath the module.  Use a DMM to ensure that the 12V is on all the screws.

B. Reinstall the launch program.

C. Ensure all connections are made.

D. Check life of the batteries.

E. Call the Team Piratechnics v1.0 Wireless Fireworks Launcher helpline of our on-call technician, Mike Clarke at (317)340-2036.

E. Conclusions

     Overall we felt our project was a total success!  Our team successfully constructed 3 modules, each capable of launching 80 fireworks.  These modules were used in an outdoor show and launched the majority of their fireworks timed to our design.  We were able to accomplish the main goals set out at the beginning of the semester of having electronic ignition, wireless control, multiple modules, and computer designed show.

     Although our team was very pleased with the results, we still acknowledge there is room for improvement.  Additional features could be added to the control box code to allow the user more feedback during the show as well as the ability to skip fireworks or delays.  Our firework show creator code could also be improved to allow the user to sink there show to music.  Improvement could also be made on the architecture of the receiver and igniter circuitry.  We also feel there is potential in designing a more efficient connection between the firework fuse and the steel wire igniter.

F. Appendices

     In order to save paper and reduce unnecessary clutter, we have burned most of our files onto a CD which we placed in this binder.  This Electronic Appendix is referenced in the following Appendix to allow you to easily find any document you may need.  

A.  Hardware Schematics

A.1  Control Box Schematic - Page 1 of 2
        See ‘Eagle Files’ Folder in Electronic Appendix for the following files:  Transmitter.sch
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A.2  Control Box Schematic – Page 2 of 2
        See ‘Eagle Files’ Folder in Electronic Appendix for the following files:  Transmitter.sch
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A.3  Control Box Eagle PCB
        See ‘Eagle Files’ Folder in Electronic Appendix for the following files:  
Transmitter.brd
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A.4  Receiver Board Schematic – Page 1 of 3
        See ‘Eagle Files’ Folder in Electronic Appendix for the following files: 
 Receiver3.sch
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A.5  Receiver Board Schematic – Page 2 of 3
        See ‘Eagle Files’ Folder in Electronic Appendix for the following files:  
Receiver3.sch
[image: image23.png]Fle Edit Draw View Tools Lbrary Options Window Help

EHSE E(22 Ve BE QA o> TH ?

o [ eeen
i
-
b 22
e P
e B
£ e ]
® .
x " " o
8 e bt B mensn SE——ar
e ¢ e EE N
o B0 ouivz e el ey
2l 4= = F
ES) 4 o e
Z Ao ol RS
/T oo i
0
ud
T

)

Date: 4/64/2088

oLi56:21p

TITLE: Receiverd





A.6  Receiver Board Schematic – Page 3 of 3
        See ‘Eagle Files’ Folder in Electronic Appendix for the following files:  Receiver3.sch
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A.7  Receiver Eagle PCB
        See ‘Eagle Files’ Folder in Electronic Appendix for the following files:  
Receiver3.brd
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A.8  Igniter Schematic – Page 1 of 1
       See ‘Eagle Files’ Folder in Electronic Appendix for the following files:  IgniterPCB2.sch
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A.9  Igniter Eagle PCB

        See ‘Eagle Files’ Folder in Electronic Appendix for the following files:  IgniterPCB2.brd 
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B.  Software Listings

B.1  Control Board Software

See ‘Sender Code’ Folder in Electronic Appendix for following files:

sugs.h

sugs.c

sender.c
B.2  Receiver Board Software


See ‘Receiver Code’ Folder in Electronic Appendix for following files:


sugs.h


sugs.c


receiver_special.c
B.3  Firework Show Creator1

See ‘Firework Show Creator Code’ Folder in Electronic Appendix for following files:

ShowDesign.vb

ShowDesign.Designer.vb

ShowDesign.resx

Fireworks Designer.exe

C. Project BOM

See ProjectBOM.xls for complete list of parts.  Links to suppliers are listed in file.

Datasheets of main components may be found in PDF form in the ‘Component Data Sheets’ Folder in the Electronic Appendix.

The following components may be found in the above resource:

	Log #
	Part Name
	MFCT
	MFCT Part Number
	Data Sheet Name - Located in 'Component Data Sheets' Folder

	1
	MOSFET N-CH 50V 14A TO-252AA
	Fairchild Semiconductor
	RFD14N05LSM
	Ignition FET.pdf

	2
	IC BUFFER TRPL NONINV SHMTT US88
	ON Semiconductor
	NL37WZ17US
	IC NONINV Buffer.pdf

	3
	IC 4-16 LINE DECOD/DEMUX 24-SOIC
	NXP Semiconductors
	74HC4514D
	4-16 DEMUX.pdf, HCT_FAMILY_SPECIFICATIONS.pdf

	4
	FT232RL
	Parallax Inc.
	604-00043
	FTDI Chip.pdf

	5
	MODULE ZIGBEE 100MW W/WIRE ANT
	MaxStream Inc
	XBP24-AWI-001
	XBEE Zigbee Product Datasheet.pdf, XBEE Zigbee Manual.pdf


D. Additional Documents

D.1  Please see Safety Protocols.doc in the Electronic Appendix.  

This document outlines necessary safety protocols we followed in demonstrating our system.

D.2  Microsoft Project file

Please see Team_Piratechnics_Plan_May_05.mpp in the Electronic Appendix.
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