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I.  INTRODUCTION

     Every year, thousands of injuries are reported due to fireworks.  The goal of our project is to prevent this, all the while keeping everyday firework displays fun and easy to put on.  This document will provide a high level overview of our project, including the system requirements, high level design decisions, and major component cost decisions.    

II.  PROBLEM STATEMENT

     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 an at home fireworks show is nearly impossible.  One must be 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.  

III.  SYSTEM DESCRIPTION AND BLOCK DIAGRAM

     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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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 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.

      Another feature will be the sensors on the bottom of mortar tubes.  This will allow the system to know if a mortar fires, but doesn’t exit the tube.  This will ensure one does not peer over a tube after the show that may hold a “dud” and advise one to approach the tube with caution.  LEDs will tell the operator whether a tube is safe to approach.

     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.  A clamp connected to the igniter will tell if a fuse is placed inside the heating element.  This will allow for the platform to count how many fireworks have been loaded and into which tubes they have been loaded.  

     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. 

Firework Show Design:  By being able to control the launch sequence of various fireworks, we will correct this problem and 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 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 shows 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.

     Another feature but a lofty goal is to have a preview mode.  This may require a lot of programming knowledge but it would be nice to have a preview mode to get a sense of the timing and location for how the fireworks display will look.

     Another key element of firework displays is to have it be coordinated to music.  By giving the everyday consumer the ability to load music and have it synchronized with the fireworks launch sequence, the entire fireworks experience will be greatly enhanced.

     Below is the block diagram of our system.  The next page shows preliminary diagrams of a firework platform and the three different types of launchers that will accommodate three kinds of fireworks.
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IV.  SYSTEM REQUIREMENTS

IV.I  Overall System Requirements
Our system will:
· Implement critical safety features to protect users from fireworks

· Red LED illumination on mortar tubes to communicate state of system to operator
· Provide key security mechanism to prevent accidental launch during loading of fireworks

· Place large, well-marked emergency stop button on top of base station to cut execution of a launch sequence

· Use wireless protocol to communicate with the launchers from a safe distance of at least 200 feet

· Construct a durable and secure base from which to launch fireworks
· Display exhilarating fireworks shows for user enjoyment

· Usability

· Launch fireworks with electronic ignition device

· Use software interface to preprogram base station with timed launch sequence

· Launching does not require USB connection with laptop or PC

· Preview fireworks display on computer prior to physical launch

· Initiate launch sequence with simple press of “Go” button with key inserted

· Data describing the available fireworks is displayed in software application

· Battery for both base station and launching

· Wireless communication

· Base station sends launch command for a specific firework type to a specific pod
· Launch pods decode the signal from the base station and make appropriate launch decision

· Launch pod logs error in base station but does not stop launch sequence if an attempt is made to launch a firework after that quantity has been expended

· Base station displays on LCD screen which launch pods are currently connected

IV.II  Subsystem Requirements
· Computer Software Front-end

· Easy-to-use software, written in VB.net, lets user enter when to launch a specific firework, at a specific time (or interval), from a specific launch pod
· Interface allows user to view what types of fireworks are available as well as quantities remaining in each pod
· Output of program is text-based data file that is interpreted by the base station during the launch sequence (format should be firework type, launch time)

· Format of the file is “(time in seconds) (pod code) (firework code)”

· Pod code is indicated on visible label attached to pod

· USB Interface between Computer and Base Station

· Use virtual com port and associated write functions to load new launch sequence into microcontroller’s EEPROM
· Program is stored in absolute location in memory, in 3 byte sections.

· As information is sent in 8 bit segments, microcontroller loads EEPROM with data

· Base Station

· Slide button changes transmitter from launch mode to connectivity testing mode

· In testing mode:

· Tell receivers to start testing igniter connectivity

· Receivers notify base station of test results (go / no go)

· Use LCD display to indicate errors in connectivity during test mode
· Emergency stop button that halts launch of fireworks immediately

· Key that only allows execution when the key is turned to “GO” position

· Send launch command at a specified time to all pods connected in network
· Reset button
· Wireless Communication Protocol

· Communicate with > 200ft. range outdoors
· Facilitate sending and receiving between base station and pods

· Base station communicates with all pods simultaneously
· Pod communicates with base station during test mode only
· Message sent from transmitter contains identifier for intended pod
· Fireworks Pod

· Push button sensor indicates when mortar tube is loaded
· Ability to launch a specified tube upon command from base station

· Increments tube for each pending firework to be launched
· Connect to MUX in order to handle limited # of output ports on microcontroller
· During test mode

· Check connectivity of ignition circuit for each firework location

· Report errors back to base station

· Report OK if no errors detected

· Reset button to clear current firework to be launched
· Electronic Ignition

· Coiled heat element to ignite fuse

· Reusable for multiple ignitions

· Capable of receiving low level current signal to determine if connected properly

· Launch Pad

· Plywood base with individual divisions built with a mix of PVC and cardboard pipes.
· Base of pad will be staked to ground to ensure stability

· Protection for battery source and receiver circuitry
IV.III  Future Enhancement Requirements
· Motion sensor (Passive Infrared Sensor)
· Shut down launch of fireworks if motion detected within 20 ft of launch pad

· Synchronization with music
· Motors to adjust direction of launch to the wind direction

· Buoyant Firework modules for water based firework shows
V.  LOW LEVEL DESIGN
V.I
Computer Software Front-end

• Overview

     The software interface will be written in VB.net.  The purpose of the software is to create a timings file that is downloaded to the microprocessor.  By having an easy-to-use interface, the user does not need to type in (by hand) the exact timings of the show.  A screenshot is included below.
• Interface Standard

     Each show will be stored in a file outside the program, using the standard (time) (pod) (fw code) format.  Shows can be loaded and saved inside the launch program.  In order to download the program and connect with the microcontroller, the software will write to the virtual com port and use standard serial port functions to write the data stream via USB.  The microcontroller will store the data in a static location and increment the memory address as additional bytes are stored.

• Software Design

     Using VB.net, the software will provide a click-button interface for inserting fireworks at specific times.  

• Design & Schematic Diagram of Hardware
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• Testing Plan

· Ensure that a user can enter specific launch parameters (firework type, timing of launch)

· Verify that the user can visualize the types and number of fireworks used during the pyrotechnic display

· Develop test output text file to describe the launch sequence and verify that timing file follows proper format
V.II
USB Interface between Computer and Base Station
• Overview

     Since only basic communication requirements between the base station and the computer are required, the USB interface will mimic a standard serial interface.  This will allow data to be written easily to the microcontroller, but without the complexity of writing firmware for the microcontroller.

• Interface Standard

     When the USB cable is connected, the base station microcontroller enters receive mode.  Any data that is received via the USB interface is then stored sequentially at a static memory location in the EEPROM.

	Initial Address
	Address + 1 byte
	Address + 2 bytes

	Upper 8 bits of launch time (in seconds)
	Lower 8 bits of launch time (in seconds)
	4 bits for pod identifier, and 4 bits for FW Code


Transmission is complete when FFFF (1111 1111 1111 1111) is sent from the computer to the base station.
• Design & Schematic Diagram of Hardware

     Since there is only one UART available on the PIC18F1420, an electric switch had to be built from a Quad Bilateral Switch and a Hex Inverter.  This allows the UART receive and transmit pins to be used either on the USB connector (FTDI) or the ZigBee (XBee) wireless interface.
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FTDI USB Interface
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• Testing Plan
· Auto-detect USB hardware and automatically open the software application in the Windows operating system environment
· Put test software on microcontroller that will display any input from the USB serial line to the LCD screen (similar to technique used in an earlier task)
· Develop user interface (GUI or button) to allow for data to be stored or loaded from the software application on the PC to the base station memory
V.III
Base Station

• Overview

     The base station is the “brains” of the fireworks ignition system.  The transceiver can communicate in one of two modes:  USB and ZigBee transmission.  Since it will never be necessary to transmit both wirelessly and via USB simultaneously, an electronic DPDT switch will redirect UART data transmission to the appropriate chip (if USB bus power is detected, the switch enters USB mode, else it is in ZigBee transportation mode).
     Several switches control the base station performance.  A slider switch specifies whether the base station is in testing or launch mode.  Once the slider switch is in the launch mode, an additional keyed switch must be turned to initiate the launch sequence.  Also, the emergency stop button immediately interrupts launch sequence.  If the e-stop is activated, the entire system must be reset before another pyrotechnic show can commence.
     The LCD display is used to provide feedback to the user as well as to indicate errors in connectivity during the test phase.
• Software Design

On power-up
If USB is detected (on port that connects directly to USB bus power)

modeSelect == USB


Specify FTDI setting on DPDT circuit (port A4)


Setup FTDI com port connection

Else


modeSelect == XBEE


Specify XBEE setting on DPDT circuit (port A4)

Connect to XBEE Chip and setup transparent mode point-to-multipoint broadcast network

If testSwitch == True


modeTest = 1

Else


modeTest = 0

goLaunch = 0
On USB connect (port that connects directly to USB low-to-high)


modeSelect == USB

Switch DPDT circuit to USB mode

Setup FTDI com port connection

On USB disconnect (port that connects directly to USB high-to-low)


modeSelect == USB

Switch DPDT circuit to XBEE mode

Setup XBEE transparent mode network

On E-STOP

Kill base station program

Main program for base station transmitter
while(true)

If (ESTOP = 1)

Kill program

Else if (PROGRAMMING = 1)


Suspend and receive program, pending reset

Else if (modeSelect = USB)

Look for start data signal (0x0000)


receivingData = 1


While (receivingData = 1)



If last 4 bytes = 0xFFFF




receivingData = 0



Else




Collect byte of information




Save information to EEPROM




Increment currentAddress

Else if (modeSelect = XBEE)


If (modeTest = 1)


Broadcast “Initiate test” message



Display “Testing…” message on LCD



Poll each end-point for a response message



Save responses to an array



If (all bits in byte are 1 for OK)




Clear display




Display “All circuits OK”



If (errorBit = 1)




Clear display




Display “Err Pod # FW #”




Display “Offest #”




Quit

Else if (modeTest = 0)



If (goLaunch = 0)




Do nothing.



Else if (goLaunch = 1)




Start seconds timer




runningFlag = 1



Set currentAddress to location in EEPROM of program



while (runningFlag)




If (ESTOP = 1)






Kill program





Load launch from static timer




If loaded data = 0xFFF






runningFlag = 0






break




If timeofcurrentlaunch < seconds timer






Send fire command via XBEE






Wait for confirmation (resend if needed)






Increment currentAddress





Small delay




End while
• Design & Schematic Diagram of Hardware

Microcontroller
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• Testing Plan

· Ensure proper functionality of the UART to USB switch (toggle between two alternatives)

· ZigBee Chip
· Use proto-boards and LEDs to test wireless broadcasting between base station and receiver.

· Once connectivity with one receiver is established, use test program to check broadcasting between base station and 3 receiver boards.

· Finally, test polling ability for base station to receive messages back from each receiver board.
· Test/Launch Mode
· Verify that the hardware interrupt will transition from the test to launch sequence
· Verify test mode message sent via UART (checked by terminal and forcing switch into USB transmission mode)
· Keyed Launch/E-stop
· E-stop button to halt all firework launches in the middle of the show
· Verify that no launching can begin until the key has been turned and base station reset to ensure a safe launching environment

· LCD Display
· Verify power to the LCD display
· Ensure that the screen can display a particular a predefined phrase
V.IV
Wireless Communication Protocol

• Overview

     The ad-hoc wireless network will be set up as a point-to-multipoint network, with the base station acting as the coordinator for the receiver end point devices.  Messages will be broadcast using transparent mode in order to mimic the performance of a standard serial interface as much as possible.  Messages will contain information that describes the specific pod number that should execute the message as well as the type of firework that should be launched.

• Interface Standard

Messages broadcast from the base station in launch mode will use the following format:
	Message format

	4 bits for pod identifier
	4 bits for FW Code


	Firework
	FW Code

	Mortar
	0000

	Bottle rocket
	0001

	Fountain
	0010

	Roman candle
	0011


Messages received by the base station in testing mode will use the following format:
	Message format

	4 bits for pod identifier
	4 bits for status code


	Status
	Status Code

	Ready to launch
	0000

	Open circuit detected
	0001


• Software Design

     Standard serial port functions will be used to write to the UART serially regardless of whether the USB or XBee chip is selected for transmission.
• Design & Schematic Diagram of Hardware

XBee Chip for Wireless Communication
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• Testing Plan
· Force selection of USB as the serial output device and check that the proper messages are being sent from the base station.
· Using two protoboards in close proximity write test software that will include display LEDs to indicate connectivity status and when data is being sent/received.

V.V
Firework Pod Receiver Subsystem
• Overview

      The receiver communicates to the base station to either test or fire the fireworks.  In Test Mode, a low current is sent through each igniter to determine whether a complete circuit exists that will allow for proper ignition.  If a short is found, the receiver must transmit back to the base station which igniter malfunctioned.  In Fire Mode, launches the appropriate firework to launch based on the command from the base station.  The receiver can only launch one firework at a time, and launches each kind of firework in sequential order.  Because it launches in a sequential order, the fireworks must be loaded in the proper order.

• Interface Standard

     Messages received from the base station in launch mode will use the following format:
	Message format

	4 bits for pod identifier
	4 bits for FW Code


	Firework
	FW Code

	Mortar
	0000

	Bottle rocket
	0001

	Fountain
	0010

	Roman candle
	0011


Messages transmitted by the receiver in testing mode will use the following format:
	Message format

	4 bits for pod identifier
	4 bits for status code
	8 bits for ckt #


	Status
	Status Code

	Ready to launch
	0000

	Open circuit detected
	0001


• Software Design

while(true) // Always process incoming messages – no other intelligence required

Store incoming data stream


If (bitsCollected = 8)



// Determine if message is relevant to this pod



If buffer = 0xFF




For i = 0 to numIgniters





Send test current





If no current detected

Report open loop (using above message format)






Break;




End for


Else if podNum = thisPod



Fire circuit for specific FW code




Increment current circuit number to next circuit


End if
End while

• Design & Schematic Diagram of Hardware

Igniter Array
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Zoom in on Igniter Array
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Test and Fire Mode Power Selectors and Module Power Keyed Switch
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• Testing Plan

· Range

· Receive signals and communication from the base station for ranges 100ft, 150ft, 200ft, 300ft
· Communication
· Send signal between base station and each receiver board
· Verify launch command to designated igniter on receiver board
· Ensure proper signal addressing for launch sequence (Mortar, Rocket, Fountain, etc.)
· Add Demux to circuitry and re-verify
· Transmit
· Transmit to base station the occurrence of a problem with the firework connections – Test Mode
V.VI 
Electronic Ignition

• Overview

   Having done successful tests using a six volt battery across a stainless steel spring and steel wool, we are confident that thin stainless steel wire will generate enough heat to light a fireworks fuse.  This is taken from the fact that a fuse will ignite anywhere above 400°C.  Knowing this and the fact that stainless steel can actually be used as an ignition element, we used Figure 1 to see exactly what gauge would be needed to produce heat above 400°C at a current of 4.0A using nichrome (NiCr) wire.  Further, we corrected this chart for the use of stainless steel by noting in Figure 2 that the resistance of NiCr is about 50% greater than stainless steel; thus, the amperes necessary for ignition should be 50% greater than what is in Figure 1.  Adjusting accordingly, we will test which stainless steel wire at gauges 28, 26 and 24 works best while still being durable enough to be used and attached to our ignition system.
[image: image13.png]FRTUEONPOLEN I MO ST OENT VIR W00 UL DT RYRER TS

AWG { INCHDIA

s
9
10
n
1
B
14
15
16
n
1
1
)
2
n
5
24
F
2%
7
25
2
3

DegreesF 400 | 600 | 800 1000 | 1200 | 1400 | 1600 | 1800 2000
DegwesC 205 [ 315 |4 |38 | 6@ | Te0 &1 | 9z (1093
Awmperes
28 n4| 2 |4 |2 e | | m |
a4 18 | 268 | 345 |4 s [ e (@ o | 108
a0 162 | 13 | w7 |35 |46 | s |es n |9
91 e | 12|28 |35 | |4 | e |
81 ms | 161 | 28 |25 | 35 | w8 |4 5 |6
an 98 | 16 | e |25 | ma2 | 342 |4 P
264 84 | 16 |15 (s [ 25 | 22 345 | 405 |46
051 72 | 10 | s (161 |20 | 245 |29 | 343 | 302
051 64 | 81 | [mr |1 | 2 |1 | 294 | 336
048 55 | 15 | o5 |mr | ws | ws |z | 245 |21
240 48 | 65 | 82 |1 | ma2 | s |w7 | 27 | ;7
36 43 | 58 | 72 |87 | | m7 |2 | ms |2
e 38 | 51 |63 |76 [ o1 | 1 B B2 | ms
w5 33 | 43 |53 |65 | 78 | e4 |1 e | 143
w3 29 | 37 | 45 |85 | es | 82 |9 n 15
om6 2 | 33 | 40 |48 | s9 | 7 3 | % |m
o0 an | 29 | a4 |42 |51 |6 71 | 82 | oea
om9 w2 | 2;2 | 3 |36 |43 | g2 [e1 |1 |8
159 L7 | 214 | 26 32 | 38 | 45 [s3 | s1 | &
4 L4 | 184 | 225 (213 | 33 | 30 |46 | 53 | s
o126 124 | 11 | 195 238 | 285 | 34 (30 | 45 | 51
o 108 | a1 | 17 | 210 | 281 | 295 |34 | 39 | 44
0100 o2 e | ol ume | ozl o2m Do | sz | oag




Figure 1 - Temperature vs. Current of NiCr1
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Figure 2 - Stainless Steel Comparison to NiCr1 

     For the resistors, we needed a way to create 4.0A with a 6V or 12V battery.  Thus, we chose resistors that are suitable for high power.  At 6V, we chose a 1.5ohm TR35 resistor that can handle up to 35W (only need to handle 24W).  If the 6V proves too hard to get a stable current or runs out too quickly, we will switch to the 12V battery and use the TEH70P brand resistor shown below.  This will require it rated at 3ohms and allow up to 70W (only need to handle 48W).  The third middle pin on the 12V resistor is used to connect the heat sink to ground.  These resistors are highlighted in the build of materials and below:
[image: image1.emf][image: image20.emf]
6V 35W 1.5ohm Resistor (TR35-T0-1.5J-ND)2                      12V 70W 3.0ohm Resistor (TEH70P3R00JE-ND)3
     Another key piece of the ignition system was the wire to actually carry this current.  We needed a gauge thick enough to handle the carrying of a 4A current.  Using the copper wire max current vs. gauge chart found on our wiki, we decided we will need a gauge of at least 23.4
• Design & Schematic Diagram of Hardware

See the igniter array above for the outline of the BJTs.

• Testing Plan

     Preliminary testing has been conducted with steel springs, steel wool, and varying voltage supplies.  Further testing will be focused on the use of thin stainless steel wires to construct single use igniter coils that will be wrapped around the fuses.  We have set preliminary goals for this testing to find an igniter that requires 6 or 12 V and no more than 4.5 A.
V.VII
Launch Pad 
• Overview

     The launch pad consists of the physical launching tubes for the fireworks as well as the circuitry that controls ignition.  The physical module will consist of a plywood base 3’ x 3.5’.  On this platform, launch tubes and igniters will be attached for 84 fireworks, 27 Mortars, 48 Rockets, and 8 Fountains.  The Rockets will use ½” x 2’ PVC pipes placed in a 3”grid as launching tubes.  The Mortars will have 1 7/8” x 12 ½” cardboard tubes spaced 4” apart.  Cardboard is used in stead of PVC because an exact diameter of 1 7/8” and PVC only comes in 1 ½” or 2”.  Also, PVC pipes were avoided for the Mortar launchers because hazardous fumes are released when PVC is burned.  Four 9” x 12” squares will be left empty for four aerial fountains and four igniters will be wired with 6” to 10” extensions so that four ground fountains can be placed around the module.  This is required to keep the large quantities of sparks generated by ground fountains away from the other fireworks.  The final 6” x 3’ section of the platform will be for the receiver circuitry and batteries.
• Interface Standard

     For the Mortars, Rockets, and Fountains, a common 20 AWG ground wire will be shared.  A single 20 AWG wire will have to be wired to each firework igniter (rough estimate 150’).  Finally, power must be provided for the touch sensors on the mortar tubes.  This power may be provided locally by a single AA battery on each tube, or from the lantern batteries that power the igniters.  If the lantern batteries are used, a common power wire will need to be run to connect all the mortar tubes’ switches and LEDs.

• Design & Schematic Diagram of Hardware
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• Testing Plan

      Before we begin full scale construction, we will construct a single mortar tube with sensor switch to test “Fire” and “Test” mode.  We have already tested firing a mortar from a 2” PVC pipe and this experience has led us to conclude it an unsatisfactory material for mortar launch.  Once we can launch a single firework, we will scale up our project to full scale.
VI. PRELIMINARY BILL OF MATERIALS
[image: image21.png]



VII.  CONCLUSIONS
     In closing, we hope you are now able to have a better sense of our project.  We hope to incorporate wireless communication via ZigBee and use a USB based microcontroller.  Additionally, we have decided to use a heat element as our reusable ignition source.  We also plan to incorporate a safety feature to sense if a firework fails to launch.  The platform will also have the intelligence to count how many fireworks are loaded and will launch appropriate tubes upon a simple launch command from the base station.  We will expand on how we will accomplish these goals in our low level design.
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Firework Module Layout
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