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Abstract

Teenagers encompass six percent of the driving population but account for 14 percent of all fatal accidents.  Through research of reputable sources, we have determined the leading cause for these accidents to be speeding.  No current solutions have provided a significant reduction in the teen driver fatality rate.  Our solution is a standalone unit that uses the Trimble Lassen iQ GPS receiver in conjunction with the Strategic Test Triton-ECO computer module, a 2 GB Ritek compact flash card, the Spark Fun Electronics’ breakout board for CF cards, a three and a half inch speaker, and an externally mounted antenna.  Road map data supplied by Navteq includes the speed limits and coordinates for every road.  The GPS will report to the CPU the current speed of the car as well as its location.  The unit will produce a warning tone when the driver exceeds the speed limit by a predetermined amount based on the speed limit of that specific road (supplied by Navteq).  
Executive Summary


Teen driver deaths are an escalating problem.  In 2004, car crashes accounted for 290 teen deaths in Pennsylvania alone (FARS).  One hundred and fifteen of these accidents were related to speeding (FARS).  Obviously, the current methods of solving this problem are not satisfactory, as deaths are still on the rise (NHTSA).  The existing solutions are rules and regulations that are simply not having a proven effect on America’s youth.  It is time that someone uses an engineering-based thought process to try and solve this complicated problem. 


We have designed a device that utilizes a Global Positioning System (GPS) receiver that works in conjunction with road map data that will warn the driver when they have exceeded the speed limit by a predetermined amount.  This standalone system will run off of the car’s battery and will produce an audible warning tone similar to that of when a seatbelt is not worn.  The unit will utilize Navteq road data, which includes the speed limits and coordinates of every single road in America, as well as a basic GPS unit.  The unit we have selected based on our cost calculations is the Lassen iQ basic GPS receiver, which is manufactured by Trimble, the leader in GPS technologies.  The receiver, which costs sixty dollars, will determine the position and speed of the car.  By identifying its position, we can link the car to a specific road and find the speed limit for that road from the database.  If the car has exceeded that speed limit, we are able to sound an alarm when that limit is exceeded by a significant amount.

The idea of a non-modifying, car alert system would be easily marketable to parents and teens alike, as we would assume all drivers would like to better their driving skills, therefore decreasing the risk of accident related injuries and deaths.  Although the price tag may be around 250 dollars, adults and families cannot put a price tag on their lives. 

Introduction

Problem Background
Motor vehicle accidents are the number one killer of teen’s ages 15 to 18 today, according to the Kansas Department of Transportation.  According to the National Highway Traffic Safety Administration, drivers ages 15 to 20 account for over six percent of all licensed drivers in the United States, however they account for about 14 percent of all fatal motor vehicle accidents.  This is disproportionate to the percentage of the driving population they encompass.  In 2004, nearly 300,000 teen drivers were injured and about 3,600 lost their lives in car crashes (NHTSA).  
There have been efforts made to lessen the amount of teens being involved in accidents.  One of these efforts would be the mandatory supervised driving practice, otherwise known as permits.  This requires the new driver to complete a number of hours driving under the supervision of a licensed adult driver.  Graduated licensing programs have also been introduced in recent years. “These systems gradually introduce inexperienced drivers to more difficult driving situations as they master steps along the way” (Teen Driving in Pennsylvania).  Some restrictions used in this program include curfews and limits on the number of passengers in the car at any given time.  Many states have risen the minimum driving ages as well.  Although all of these measures have been implemented recently, statistics from the NHTSA actually show an increase in the number of fatalities for drivers between the ages of 15 to 20.
Problem Statement 

A relatively high percentage of teen drivers are involved in fatal motor vehicle accidents compared to older drivers.  We must decrease the number of these accidents that occur.  This problem needs to be approached from an engineering standpoint.  Current solutions made attempts at solving this problem by dealing with teen immaturity through the proposal of different legislations.  These have been largely ineffective in reducing teen driver deaths.  We plan to create a solution utilizing various technologies that will aide in the accomplishment of our goal; reducing teen driver deaths.  
Criteria
The final product must be effective in encouraging the driver to slow down.  There should be conclusive evidence that our device has had a positive impact on the drivers’ habits.  It must not hamper the overall mechanical ability of the vehicle.  Several other requirements our product must meet for us to consider it successful would be as follows.  It should be cost efficient for both the manufacturer and the consumer (i.e. less than $400 for the consumer).  Also, the unit should be easy enough for anybody to install in any vehicle without modifications.  Our product must be capable to receive updates (road map updates) as to maintain its accurate function.  If our product meets these requirements, we will consider it a successful project.
Constraints
A major constraint for solving this problem would be obtaining the initial funding to start the development and testing of our product.  This design process will require the construction of several units in order to ensure the proper functioning of the device and conclusive evidence towards its effectiveness (through a field test).  Another problem we face is acquiring the roadmap data at a reasonable price.  
We would then need to write software to interpret this data for use in our product.  This poses a problem for us as no one has tried to create such a program as of yet (for the type of data we can use) because it would be a somewhat difficult to code for.  Please refer to Appendix D for more information regarding the format of the data our program would need to work with.
Survey of Literature

There is no shortage of information and statistics regarding teen driving fatalities.  These statistics do not provide any insight into what might be causing the accidents however, unless we filter out the unwanted information and decide what is useful to us.  A quick search on the internet would reveal millions of hits when searching for keywords such as “teen driver fatalities.”  We found numerous articles and websites with information regarding our topic, but how can we determine if those sources are reputable?

The determination of whether a source is reputable is just as important as the research itself.  One of the biggest problems in finding reputable data for car accidents is what the organization’s reasoning is for collecting and sharing the data.  For example, an insurance agency may show stunning death rates in order to scare the general public into buying insurance from their company.  By analyzing our main sources, we hope to prove that they show honest statistical data and have a true concern for our nation’s teen driving problems.  Many sources were used in our research, but three main sources provided the most pertinent and thorough information.  










The first seminal source for our research is the Insurance Institute for Highway Safety. Despite its deceiving name (an insurance institute), it is actually a non-profit organization that is said to, “help reduce deaths, injuries, and property damage from motor vehicle crashes” (About the Institute, par 8).  One more reason this source is recognized is that they have dedicated much specific effort and time into the subject of teen drivers.  They have even produced a video titled, Young Drivers: The High Risk Years.  This demonstrates that they have committed a lot of their time and effort into producing representative data for this topic. 
The second and third seminal sources are extremely important and useful as they are both government agencies.  These agencies include the Department of Health and Human Services, a branch of the Centers for Disease Control and Prevention (CDC), and the Department of Transportation, a branch of the National Highway Traffic Safety Administration (NHTSA).  The Youth Risk Behavior Surveillance department of the CDC conducted specific research on teen mortalities, stating motor vehicle accidents to be the main cause, accounting for 32.3  percent of teen deaths (Youth Risk, 2).  The National Highway Traffic Safety Administration served as our most important source.  The NHTSA’s main focus is to “conduct research on driver behavior and traffic safety,” making them of key importance in our statistical analysis (About NHTSA, par 4). 

Statistical analysis of crash data is of key importance in our research into the possible reasons for the occurrence of accidents.  The data used in our statistical analysis was obtained through the Fatality Analysis Reporting System from the National Highway Traffic Safety Administration.  A query was created to list all reported motor vehicle incidents involving a driver between the ages of 16 and 20 in the state of Pennsylvania resulting in at least one fatality (in 2004).  Our query resulted in 290 instances.  Further parameters were also requested in this search such as the day of the week, time of accident, reported cause, type of road, weather, and vehicle conditions.
An important statistical parameter we need to know is how big of a sample is needed to accurately reflect the entire population.  Because of this, we used Survey Systems’ “Sample Size Calculator” to compute the sample size needed for a 95 percent confidence interval with a margin of error of plus or minus five percent.  This calculation resulted in a sample population size of 290.  This means the population was not large enough to be accurately represented by a smaller sampling than what we had.  Therefore, we had to take all 290 instances we had received from the search into account. 

Once we had the relevant data in hand, we analyzed it to look for trends.  The creation of charts aided us in this analysis.  These trends were then used to prepare a hypothesis as to the main cause of teen motor vehicle accidents.  In the end, we concluded that speeding was the leading contributor to the majority of teenage driving accidents.  Please see Appendix A for charts representing the data we gathered in our research and the trends we saw from them.
The Solution

Statement of Work

The first part of our project was to create a hypothesis about teen drivers and their habits and attempt to prove it through studies and analysis.  Upon doing research through the Fatality Analysis Reporting System, we determined that speeding is by far the largest cause of deaths for teens between the ages of 15 to 20.  With a solid hypothesis and supporting data, we were able to brainstorm a solution to this problem.  

All current solutions are based on legislation, and that is exactly what we wanted to avoid.  We wanted to propose a solution from an engineer’s point of view.  As a result, we proposed a device that uses breaking technologies to meet our objectives.  Our unit will make use of a GPS receiver and other various electronic components to slow drivers down.  With our final product theoretically created, we could then develop our design further and eventually create a working prototype.

Alternatives
There were many alternatives we discussed and analyzed at a theoretical standpoint.  We gave careful thought to each of these solutions and reasoned as to why they were not the best solution for our criteria.  Several of these solutions included:
· A speed limiter used to set the maximum speed of the automobile:  We felt 
that this was a bad idea because sometimes the speed limit needs to be broken.  
For example; merging onto the highway, performing an evasive maneuver or 
driving in an emergency situation.  Hindering the mechanical operation of 
one’s vehicle is dangerous to both the driver and surrounding traffic. 
· Increased driving ages and / or training:  This was another possible 
solution we came up with.  As we discussed earlier, these legislations have 
already been put in place by many states and have shown no effect on the 
number of accidents caused by teenagers.  
· “Safety” Cameras:  These government-controlled cameras are being used in 
Britain at the current time.  Many people feel they are unnecessary and an 
invasion of privacy.  According to Ben Webster, a correspondent for The  
Times newspaper in the UK, “the safety benefits of speed cameras have 
been exaggerated.” 
· Increased police presence:  Obviously, one could say that a simple means for 
reducing the number of speeding drivers would be to increase the number of 
police present on the roads.  This idea poses a few problems; increased 
employment is costly for the government and state, and police officers cannot 
be everywhere at once. 
· Higher speeding ticket fines:  This idea was also brought up as a possible 
solution.  We believe that raising tickets to an exuberant amount would likely 
lead to a flooding of the court system from contested speeding tickets.  

Results
We concluded from our research that speeding was the largest contributor to teenage driving accidents.  After deciding against many alternative solutions (above), we came up with a device capable of warning the driver when they exceed the speed limit.  
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Speed Limit Buffer

 The device will be able to locate the vehicle using a GPS receiver and establish the road upon which it is traveling and its current speed.  For more information on GPS and how it works, please refer to Appendix C.  The speed limit data for each specific road is supplied to the unit through its onboard database, from which we can then determine if the automobile is traveling too fast.   There will be a buffer zone for which the driver is allowed some margin for exceeding the speed limit, while still preventing excessive speeding.  Buffers will be set based upon the speed limit in question.  For roads with higher limits, a larger buffer will be set (65 mph limit / 10 mph buffer) as to not cause traffic flow issues.  Similarly, roads with lower speed limits (15 mph school zone / 0 mph buffer), would have much smaller buffers as well.  See figure 10-1 above for a graphical representation of this.  If the speed limit and given buffer zone are exceeded, the device will sound an alert for the driver, notifying them that they need to slow down.  This alarm will continue to sound until the automobile is traveling within the allowed buffer once again.  This process will run at a rate of one time per second, as this is the transmission rate for the GPS coordinates.  For a visual representation of this process, please see Appendix B.
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 The components and data needed to produce this product will be provided by industry leading suppliers.  Our GPS receiver is provided by Trimble, a world leader in GPS technology.  Their Lassen iQ GPS receiver and antenna is a package the size of a postage stamp.  It consumes less than 100 milliwatts of power and is designed for use in embedded solutions such as ours.  The module has two sensitivity modes, which it will switch between depending on the satellite signal strength.  We sourced this 




product for sixty dollars at Sparkfun.com.
Our road database is also supplied by an industry leader.  Navteq supplies road map data to over 30 automobile manufacturers for use in their satellite navigation systems as well as popular internet navigation websites such as Google Maps, Yahoo Maps, and Mapquest.  Navteq contains road map data for 52 countries all over the world including Malaysia, Greece, and Singapore.  These maps are continually updated by Navteq employees that drive the roads and record any important features for them.  Up to 160 road attributes are noted, including type of road, surroundings, miscellaneous road signs, and most importantly, speed limits.  
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Tying all of this together will be a CPU control unit from which will manage both the coordinates and speed sent from the GPS and the road map data from Navteq.  The Triton-ECO made by Strategic Test is the CPU module which will be utilized in our design.  It features a 400 MHz processor that runs the Linux operating system.  It also features 16 MB SDRAM and 8 MB of flash memory which we will use to store the program itself.  Since this is not enough memory for the Navteq data as well as the program, we will need an outside memory source.  Fortunately, the module has a compact flash card interface built in.  Using this interface, we can use a compact flash card, similar to those in digital cameras, to store the Navteq database.  We picked a two gigabyte card manufactured by Ritek, which can be found for around fifty dollars (Newegg.com).  This computer module will execute the program (process) discussed above and control the output for the alert tone from the built-in speaker.  Please refer to Appendix E for a detailed parts and price list.  
All of components are integrated into a single unit that can be installed easily within the interior of any automobile without modifications.  The unit is about five inches long by three inches wide, and is close to an inch tall.  These small dimensions mean it can be mounted out of site under the dashboard or a seat.  The car’s 12 volt battery will be the source for the device’s power.  A notional sketch depicting the various components of the device can be found in Appendix F.
The device will encompass the following features and options for some user adjustability:
· Data logger:  This could be used in a future field study with willing 
individuals to monitor their driving habits with the tone on or with it off.
· Data Port:  A serial port could be used to upload the logged data files to a PC 
as well as for future software updates.  These updates may include new roads 
and expansion packs for new countries, etc.
· Volume control:  This will allow for some adjustability if the user is hard of 
hearing.  The user will not be allowed to turn the volume down completely as 
this would obviously defeat the purpose of the product.
· Variable frequency of alert tone:  The alert tone will vary with the amount 
that the driver exceeds the speed limit and buffer.  At its maximum, the alert 
tone will sound at up to four times a second, creating more urgency for the 
driver to slow down.
· Password protected options:  These options may be password protected by 
an adult or possibly a government agency in the future.
Discussion and Conclusions

Though most of the specifications of our project have meticulously planned out there are still a few unknown factors.  In order for the device to function, software needs to be designed to correlate the location given by the GPS with the road and speed limit data.  Software of this type has not been created and implemented in this manner before.  The ability for the unit to maintain a high level of functionality in tight urban settings may also be a problem because the accuracy of GPS can be as much as five meters off, which may lead to false road identification or none at all.  We also need to resolve what will happen if the vehicle is traveling down a road not present in the database.  The success of our project also relies heavily on the consumers purchasing the device.  The willingness of consumers to purchase such a device and what they would be willing to pay for it still remains unknown.  Currently, designing a prototype would cost around $300 plus the cost of the Navteq data (although Navteq supplies most developers with sample data upon request).  The final, mass-produced product will optimistically cost the consumer around $250.  Please see Appendix E for a detailed cost breakdown.
Recommendations for Future Work
In the future, we would like to see an effort towards a working prototype with the specifications we have provided.  Once this prototype has been completed and appropriately tested to work out the bugs and problems, a field study should be conducted.  This study would be carried out with several units placed in the willing subject’s vehicles.  At first, the sound alarm would be disabled and the unit would only record driving habits and the durations for which they have speeded.  Step two would enable all features of the device and log the same parameters as in step one.  Comparing the data of the amount of time spent speeding in both situations would give compelling evidence towards the relative effectiveness of the product.  From there, further modifications and testing would be performed until the product is reliable and effective enough for the consumer market.
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Appendix A – Charts
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Data obtained and compiled from a query from the Fatality Analysis Reporting System (FARS) Web-Based Encyclopedia (see works cited).  Parameters: drivers ages 16-20, involved in a crash resulting in at least one fatality within Pennsylvania.  All charts created by Sean Killeen in Microsoft Excel.
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Appendix B – Process Flowchart
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(Created by Stephen Evasic with a trial version of Smart Draw 7)
Appendix C – GPS Technology

GPS or Global Positing System is a worldwide radio-navigation system formed from approximately 24 satellites and their ground stations (Trimble). GPS uses these satellites as points of reference to accurately calculate the position of objects all over the world. “In a sense it's like giving every square meter on the planet a unique address” (Trimble).

The actual process of GPS takes place in several simple steps. It first uses a process called triangulation in which it measures your distance from three different satellites to accurately calculate you positioning on the globe (Trimble). They then have to calculate the distance away from the satellites by timing how long it takes a signal sent to the satellite to arrive to the receiver. Next they have to figure out which satellites are being used and where exactly in their orbit they are positioned (Trimble). Each of the 24 satellites has its own specific orbit. “Back on the ground all GPS receivers have an almanac programmed into their computers that tells them where in the sky each satellite is, moment by moment” (Trimble).  The Department of Defense continuously checks the exact altitude, position and speed of each satellite to update this almanac.  

GPS is also prone to errors which may give false calculations.  These “ephemeris errors” need to be checked for.  The errors are caused by gravitational pulls from the sun and moon and also by pressure of solar radiation (Trimble). Almost all of these errors can be factored out by mathematics (Trimble).  Modeling is also used in which one can predict what the timing delays may be depending on the atmospheric conditions for a particular day (Trimble).  
Appendix D – Navteq Data Types

Data is available from Navteq in six different formats.  Four formats require the use of third party software.  These data types include ArcView Shapefile, ArcInfo, MapInfo, and Oracle.  The remaining two formats, GDF and SIF+, are ASCII representations of Navteq map data (Navteq).  These formats require software to be written to access the raw data and interpret it so useful information can be obtained.  Geographic Data Files (GDF’s), which will be used in the creation of our product, are a European standard used to describe roads and transfer road data (Ertico).  This data format has three levels.  The first level, level zero, provides basic topology information.  Followed by level one, this is the most widely used level of data.  In this format, land and road features are recorded such as number and width of lanes, turn restrictions at intersections, signs, and bodies of water (Ertico).  This level of data is most commonly found in satellite navigation systems of automobiles.  The third level of road data is level two.  It offers the same road network data as level one however to a significantly less degree of detail.  Level two data is used mostly in the calculation of trip times since the extra data is not needed in such calculations (Ertico).  


Geographic data files are represented as readable 80 character ASCII datasets where each set of numbers corresponds to a specific road attribute (Ertico).  A sample of this data may be found below:  



Appendix E – Parts List & Price Breakdown
Here is a list of the various components we need in order to build a working prototype:
· Trimble’s Lassen iQ – 12 channel GPS receiver, 86 mW @ 3.3V power consumption, dual sensitivity modes with automatic switching, TSIP download capability gives fast startups 
                                                        More Info - http://www.trimble.com/lasseniq.shtml
· Strategic Tests’ Triton-ECO – 400 MHz Intel XScale PXA255 CPU, 16 MB SDRAM, 8 MB                   


             flash memory, Compact Flash card interface, 3.3V power 



             supply, 4 serial interfaces and 1 USB, AC97, Linux 2.8.10 O/S
                  More Info - http://www.strategic-test.com/pxa270_pxa255_sbc/triton-eco_pxa255_module.html
· Ritek’s 2GB CompactFlash Card – 2GB non-volatile memory, low power consumption, 80X 



        speed, 3.3V operation voltage, 100,000+ erase cycles
                                                                       More Info - http://www.ritekusa.com/ebproductdetail.asp?id=9
· Spark Fun Electronics’ CF – small size (1.5” x 2.3”), 20 pins in a 0.1” single row header Card Slim Breakout Board    configuration, standard CF socket, economical and simple

     More Info - http://www.sparkfun.com/shop/?shop=1&cart=664928&cat=66&
· Generic GPS Antenna – magnetic mount, 5 meter cable, male SMA connector, designed for use 



with automobiles, 26dB gain

     More Info - http://www.sparkfun.com/shop/?shop=1&cart=664928&cat=64&
· Trimble’s HFL to SMA adapter – Hirose HFL (connector found on Lassen iQ) 




     female to standard SMA female, 6” long 
    
 More Info - http://www.sparkfun.com/shop/?shop=1&cart=664928&cat=64&
· Power Acoustiks’ KP32 Speakers – 3.5” diameter, 2-way, 90dB SPL, 100W RMS
                 More Info - http://www.shop.com/op/aprod-p25410208-k24-g4-~3%2E5%22+speaker-nover?sourceid=3
______________________________________________________
Here is a list of the prices for the various components and possible vendors as well:
Lassen iQ = $60 from SparkFun.com

Triton-ECO = $135 each in quantities of 10 from Strategic-Test.com
2GB CF Card = $50 from Newegg.com

CF Card Slim Breakout Board = $20 from SparkFun.com

GPS Antenna = $13 from SparkFun.com

HFL to SMA adapter = $10 from SparkFun.com

KP32 Speakers = $5 from Shop.com
---------------------------------------------------
Total cost for one unit  =  $293       +      the price of the Navteq data
Appendix F – Notional Sketch
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                          (Created by Stephen Evasic with a trial version of Photoshop CS2)
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Figure 10-1. Made in Excel.
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