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Almost every 4th of July, the Payne family puts on a firework show at their family cottage in the rural countryside of Pennsylvania.  Last year, the torch was passed to the younger generation to take over responsibility of setting off the fireworks.  The brave youngsters gathered their ammunition and marched into the field, ready to begin their assault on the night sky.  The show went well at first, mortars filled the sky accented by rockets and “Oooohs” and “Aaaaaahhs” echoed across the field.  That’s when disaster struck.  A mortar misfired and only shot fifteen feet in the air instead of two hundred.  It exploded, raining down molten sparks onto the kids.  Luckily, no one was seriously injured, but sadly this is not always the case.  This project will ensure that those children are never placed in that risk again and make firework launching safe and enjoyable.  
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According to the Center for Disease Control and Prevention, four people were killed and over ten thousand people had to be taken to the emergency room due to 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.  
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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.   Clearly, something can be done to minimalize the risks of some of these factors.  

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 fireworks show at home 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.  
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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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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 work similarly to a model rocket engine starter in which a specific current is run through the starter which in turn catches fire and launches the rocket.  Instead of launching a rocket, we will ignite the firework’s fuse.  For a small model rocket, a wired launcher is usually sufficient for sending the launch current to the starter.  Since we will be firing a multitude of fireworks specifically timed, we will need to design a more sophisticated remote launching set-up.  We plan to incorporate multiple ignition bases connected to fireworks in the field that will be controlled wirelessly by a computer programmed transmitter.  This will allow for the safe, effective launch of fireworks.

Another feature will be the loaded tube illumination.  By using a sensor on each fireworks launch tube, one will be able to identify if a firework is still inside the tube.  This will provide two benefits.  First, one will be insured that the firework is loaded correctly into the tube and it is at an appropriate level for launch.  Second, one will know if the firework remains in the tube after being ignited.  This will ensure one does not peer over a tube that may hold a “dud” and advise one to approach the tube with caution.
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 allow one to see if the remote ignition device is safely connected to the fuse.  This will ensure that all fireworks light and that everything is in working order before the launch.  In all, the test mode function will be a final check to ensure everything is connected correctly.

The proximity sensor feature will ensure no one approaches the launch pad during a launch.  While this may be a lofty goal, it will ensure that nothing is able to get too close to the system platform during a launch.  If a launch is going along and one approaches the system, the ignition sequence will stop.

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.  Typically, people just use what they can find such as 

[image: image10.emf]Electric Igniter

Receiver

Wireless

Communication

Programmable

Transmitter


[image: image11.emf]
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.

   
Lastly, a key element is to have multiple launches take place.  This will require specific timing and engineering to light the appropriate fuses and will allow for a complete show to be put on.  We anticipate one should be able to build on this function to have as many fireworks going as desired.
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While our concept for the total solution is quite comprehensive and complex, our team will implement a prototype that merely demonstrates the feasibility of the proposed solution.  Since four talented electrical engineers will be collaborating on this project, we anticipate being able to implement nearly all of the features documented in the proposed solutions section.

The safety features we plan to demonstrate in May include:

· Remote launch firecrackers from a safe distance, in order to eliminate the need to light the firecracker by hand

· Emergency stop button to cut ignition sequence

· A connectivity test mode to determine whether the firecracker will launch as anticipated

· Secure platform to serve as physical base for launches

· LED illumination indicating imminent launch

The “cool” features we will demonstrate include:

· Connect wirelessly from base station to ignition stations

· The ability to store a timer sequence inside the base transmitter station

· USB interface with computer, providing plug-and-play capability

· Software interface for the creation of new fireworks programs
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Many technologies are available on the marketplace that would implement the functionality we have described thus far.  Several important needs arise from our solution to the problem:  wireless communications, USB-capable microcontroller, electrical igniter, low-cost remote power solutions, and sensory equipment.
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To implement wireless communications inside the final prototype, several technologies are available.  These include

· Infrared

· RF (Nordic Techologies, such as the nRF2401)

· Bluetooth

· ZigBee

There are various tradeoffs between these technologies related to cost, node capacity, range, power consumption and battery life, and ease of use.  These considerations will be analyzed as part of our high level design.

[image: image15.emf]

USB has risen to ubiquity among desktop and laptop computers, while the old RS232 serial port faces near extinction in the upcoming years.  In order to make connectivity as simple as possible, USB will be our interface of choice.  We will need to acquire a microcontroller that contains a universal serial bus port, as well as any material that will enhance our understanding of this technology.  By using specific software to communicate with the microcontroller, we will be able to make initial tests with the chip.  Once basic communication is established, we will develop a custom interface that is tailored specific to our fireworks application with VB.Net.
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Another main component to consider for available technologies is the ignition mechanism used for this system.  In the initial stages of proposal, we are considering three different methods: electric matches, heat elements, and electric arcs.  

Electric Match:  The process of electric firing allows the user to ignite multiple firework devices from a safe and remote distance.  In its physical form, an electric match consists of two conductive lead wires that are shorted by a very fine (high AWG 20-24) wire that forms a connective bridge across the leads.  This fine wire is coated in a composition similar to a match head that is easily combustible.  When a current near 1.0 to 1.25 Amps is applied across the leads, this fine bridge wire heats up which in turn causes ignition of the electric match and pyrotechnic device.  To generate this current, “wet” cell batteries are typically used where multiple batteries are connected in series.  For this technology, assembly is required to build the electric matches by purchasing electric match blanks and a dip kit.  Typical prices for these items are $39.95 for a kit and $17.94 for forty electric match blanks.

Heat Element:  For this firing mechanism, a heating element will be used to heat up the fuse and cause it to ignite.  In order to control this electronically, a current will need to be run through this heating element to dissipate the energy as heat into the system.  This process of Joule heating releases energy as heat into the system as the current passes through the resistance in the wire.  By varying the current flow, the heat released by the element should be to be controlled.  One drawback for this system is that it is very difficult to directionally control the heat that is dissipated into the system.  A method would have to be developed to focus the heat on a specific part of the pyrotechnic fuse to cause ignition without interfering with other parts of the system due to high temperature levels.  Since the heating element will most likely be placed at the end of the launching tube, special care needs to be taken so that nearby components are not melted or become dysfunctional due to the intense heat.

Electric Arc: In addition, the idea of using an electric arc or spark plug concept is being pursued.  In essence, this method of ignition employs the principal of producing an electric spark through the breakdown of gas.  By placing the fuse between the plates of a highly charged capacitor, a rapid discharge of charge from the capacitor can cause an electric arc or spark across the terminals of the plates.  This spark will be used to ignite the pyrotechnic fuse.  One significant drawback of this method is the sensitivity of the environment in which the fuse is placed.  Also, a very high voltage is needed on the plates of the capacitor to cause this discharge and spark.
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Each of these ignition configurations requires a reliable power source which presents the issue of gathering power through wall outlets or batteries.  For this project, we will draw power from batteries to allow for greater mobility and flexibility of the launching system.  There are a few options when looking at batteries that include: disposable, rechargeable, and battery packs.  Within disposable batteries, there are a variety of metal oxide based configurations that include Lead acid (car batteries), Zinc-Chloride, and Alkaline.  For rechargeable batteries, common configurations include Nickel Metal Hydride, Nickel Cadmium, Lithium Ion, and rechargeable alkaline.  Battery packs are in essence a series or parallel combination of other types of batteries that allow for the power supply of batteries to produce more current or voltage to be used in the system.  The myriad of options for choosing a battery make this a critical design decision.  For example, disposable batteries typically hold their charge longer than other batteries and are typically cheaper.  However, they can only be used once before they are discarded.  On the other hand, rechargeable batteries last for multiple charge and discharge cycles, but these types of batteries tend to leak more of their charge even when current is not being drawn from the battery.  Also, rechargeable batteries tend to be more expensive.  The battery pack that represents a combination of multiple batteries could prove to be the best option since it can meet and exceed the extensive voltage and current requirements of the system.  The charge capacity and voltage / current output characteristics of these battery configurations will be a very important design feature.
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Since the main purpose for developing this pyrotechnic launching system is to provide a remote controlled system that can be operated safely, certain sensors must be included to protect the user from dangerous scenarios.  For this system, a proximity and a touch sensor are being considered to provide additional safety features.  The proximity in essence will work similar to the sensors used in yard-lights for residential that turn on at the detection of a moving target.  This sensor will work to detect the presence of anyone around the launch platform during a pyrotechnics launch that will automatically shutdown the system so as to prevent any injuries.  Along these same lines, a touch sensor can be used to automatically shutdown the launching system if a person is touching a launching tube or other extremely dangerous location.  Once again, this sensor will work to prevent user error from resulting in serious and possibility life threatening injuries.  Another sensor could be used to detect if a firework is loaded into a tube which could be helpful to detect if a firework misfires and doesn’t exit the tube.  These sensors will require closed loop feedback control of the system to determine when it is safe to fire.
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This project will encompass many areas of Electrical Engineering, including circuit design, component engineering, communications, and computer programming.

[image: image22.png]Igniter





First, we will need to find a way to ignite fireworks electronically.  We will look at both traditional firing mechanisms like an electric match, but also experiment with our own design of a thermal igniter and an electric arc igniter.  Once we have established the best approach for ignition, we will then look to how we can selectively send ignition signals to multiple fireworks.
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This task will mainly involve circuit design.  We will need to design a breadboard that can send the necessary amount of voltage and current to the igniters.  We will also need to be able to select a specific firework from the ones connected to launch.  Once we are able to selectively launch fireworks, we will have to address how we can communicate a launching command to this circuit wirelessly.
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Engineering this interface will involve researching wireless technology and selecting the best suited for our purpose.  The main concern will probably be safety, and thus we will need to select a technology that can communicate over several hundred feet.  Once we have selected a technology and learned how to use it to send signals, we will need to design the brains behind what signals are sent.
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This will first involve circuit design and programmable micro-controllers.  We will need to be able to program in a firing sequence to a micro-controller that will then relay that sequence wirelessly to the ignition circuitry.  Once this is done, we will need to find an interface to download a firing sequence from a computer to the micro-controller.  
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The interface between computer and base station will involve learning how to use USB.  In conjunction with this, we will design a simple computer program that will allow the user to construct the firing sequence and design a fireworks show. Once created, it will be converted into a suitable format for the micro-controller and then downloaded via USB to the transmitter.  
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The above outlines the basic requirements needed to launch fireworks remotely.  We will also look to add additional features for added safety and reliability.  We will need to incorporate E-Stop circuitry into the device so that the firing sequence can be terminated at any time during a show.  Another safety feature would be a sensor to detect whether a firework is loaded in the tube.  This sensor would help in setting up the show as well as help the operator detect ‘dud’ fires.  We would also like to have a test mode which would allow you to do a dry run through your fireworks show without actually launching the fireworks.  This will help to ensure that everything is wired correctly.
[image: image28.emf]

This project addresses a serious safety concern that causes thousands of injuries a year.  It also allows amateur firework enthusiasts to create and perform their own firework shows just like professionals.  This project also incorporates many facets of electrical engineering such as circuit design, wireless communication, computer programming, control systems, and electrical component engineering.  We feel that this project can be constructed under the budget of $500 without issue.  The main expenses will include the electric igniters, the wireless transmitter, the bread boards for receivers and transmitter.  All of these will be relatively inexpensive and have been used in previous projects.   By the end of the year, we hope to present a firework show on campus completely remote controlled by our device.  We also feel that we will have grown as engineers through the design and construction of this project.
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