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1 PROBLEM STATEMENT 
 
1.1 Background 
 
Vehicle collisions at intersections account for a large percentage of overall traffic 
accidents. Figure 1 shows three of the most common ways for collisions at intersections. 
 

 
Figure 1: Common reasons for collisions at intersections 

 
The situations illustrated in Figure 1 account for 65% of injury accidents and 70% of fatal 
accidents [1]. It is also true that for the past thirty years, the annual fatality rate due to 
traffic accidents in the United States has been over 40,000. 
 
We can prevent a large number of these accidents from occurring if we could provide 
drivers with warnings about potential collisions. For example, if a system could warn a 
car sitting at an intersection that another car is about to run the light, the driver waiting at 
the intersection would then not immediately start driving the minute the light turns green 
for him since he would be aware that there could be a potential collision with a car 
running the light. 
 
Our project concentrates on using technology to provide warnings to drivers about 
potential accidents and collisions at intersections. 
 
1.2 The Design 
 
Vehicle Infrastructure Integration 
 
The Accident Warning System we plan on creating falls under a broader system called the 
Vehicle Infrastructure Integration (VII). This system enables real-time wireless 
communication between cars and between cars and static intelligent stations or units to 
help create an efficient and safe transportation system. VII is a massive system whose 
various applications and technologies are under research and testing in various parts of 
the world – especially in the United States and Europe. Figure 2 illustrates the many 
varied applications of VII. 
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Figure 2: Applications of VII 

 
• Safety 

Other than accident warning systems at intersections, the other ways to provide 
safety to drivers is to also provide them with path and speed suggestions. 
Pedestrian warning could be implemented alongside warnings of potential car 
collisions. Furthermore, on a straight road, when a car is attempting to overtake 
another car, then the VII system could help in completing the maneuver 
successfully and safely. 

 
• Entertainment 

There would no longer be a need to carry iPods or wait on popular radio stations 
for a particular favorite song. The driver could simply request a song to be played 
and the VII system would play that song. This could further be expanded if the 
driver wanted to play verbal trivia or some other games while driving. 

 
• Tutor 

The VII system could act as a tutor to amateur drivers in training to earn their 
license. The trainees could be provided suggestions and evaluations on how they 
are driving and what they could do to improve their driving. 

 
• Traffic Management 

This ties up with the safety aspect of VII. Data on the traffic situations at various 
parts of a highway or region of a state could be transmitted to a remote traffic 
station from where traffic management at a large scale could occur. 

 
• Routing 

This is an aspect of VII which is already in use currently. Planning routes to 
destinations will continue to be part of the VII experience. 

 
• Weather 

Each car will be equipped with weather sensing technology. Detailed information 
such as humidity, cloud cover, temperature, etc would be read by a car and 
transmitted to a weather station. This would allow weather stations to have real-
time accurate data on weather conditions in even remote areas, thus providing 
weather stations with the capability of more accurate weather prediction.  

 
These are only some of the applications of VII. 
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Dedicated Short Range Communication 
 
Dedicated Short Range Communication (DSRC) is a wireless communication protocol in 
the 5.9 GHz frequency band with a bandwidth of 75 MHz [2]. It refers to short to 
medium range wireless communications that offers data transfer in a vehicular ad-hoc 
network. The IEEE Standard for it is 802.11p. This standard is exclusively for 
transportation communication systems. 
 
1.3 Deliverables 
 
Our project exclusively focuses on the Safety aspect of VII using DSRC. The goal of our 
project is illustrated by Figure 3. 
 

Figure 3: Accident Warning System at Intersections 
 
There are two types of messages that can be sent from the OnBoard Unit to the Roadside 
Unit. They contain information on the speed and location of the car in which the 
transmitting OnBoard Unit is located.  
 
1. Status Messages 

The Roadside Unit receives these and simply logs them. No action is taken on 
these messages. 

 
2. Event Messages 

The Roadside Unit needs to take action on the basis of these messages. 
 
From Figure 3, we notice two main components of the accident warning system: 
 
1. Roadside Unit (RSU) 

This is a component of the system which acts as the central unit. It is in constant 
contact with the traffic light in order to determine when the light will turn red. 
Once it realizes that the light will turn red, it starts treating all messages from the 
OnBoard Unit as Event Messages. Hence, it uses the speed and location 
information being transmitted to determine whether the car transmitting the 
message will run the red light, and if it will, then it needs to warn the other cars of 
this possibility. 
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2. OnBoard Unit (OBU) 
This is a component of the system located within a car. It constantly calculates the 
speed and location of the car, and transmits this information to the Roadside Unit. 
It also receives the warning signal from the Roadside Unit telling it to activate the 
alarm system in order to warn the driver of whether a car will run the light. 

 
We have further narrowed our goal by placing the following restrictions on our project: 
 
1. Range of DSRC communication 

The transceiver range is limited to about 250 meters. We have chosen 250 meters 
because of the following concerns: 
 
a. Closely located intersections 

If there are closely located intersections, then we do not want the data 
and warnings being communicated to overlap. Hence, in order to prevent 
such a fiasco, we have chosen 250 meters of communication range since it 
limits the system of communication to one intersection. 

 
b. Irrelevancy of warnings to cars far away from the intersection 

If a car is far away from an intersection, then even though it receives the 
warning of another car running the light, that information is irrelevant to it 
since it is not in any danger of colliding with the speeding car. 

 
Figure 4 illustrates how the Roadside Unit and OnBoard Unit are only aware of 
the traffic around a certain limited range around them. 
 

 
Figure 4: Range of awareness of OBU and RSU 

 
2. System of Communication 

There will be no communication between cars. All communication will occur 
between the Roadside Unit and the OnBoard Unit. This aspect of the project is 
shown in Figure 5. 
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   Figure 5: Only RSU-OBU Communication 

 
Thus to summarize, the following are the goals of our project: 
 
1. Accident Warning System of only whether a car will run the red light 

This means that there will be no path and speed suggestion provided to the 
driver. There will also be no warning for pedestrians crossing the road. The 
project only deals with warning a driver if another car is about to run the red 
light. 

 
2. Limitation to only one speeding car 

Unlike a real-life scenario, there will only be one car approaching the intersection, 
and one other car receiving a warning of whether the approaching car will run the 
red light. 

 
3. Real-Life demonstration 

We hope to accomplish a real-life demonstration of the working project. 
 
4. Technical Documentation 

A comprehensive documentation will be completed and delivered to the advisors 
of this project. 
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2 REQUIREMENT SPECIFICATIONS 
 
2.1 Principle of Operation & System Block Diagram 
 
The principle of operation is illustrated by the System Block Diagram depicted in Figure 6. 
 

 
Figure 6: System Block Diagram 
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Speeding Car 
OnBoard Unit consists of a GPS which constantly determines the location and speed 
of the car in which the unit is located. This information is logged by a laptop and sent 
to the transceiver, which sends it to the Roadside Unit. 

 
Roadside Unit 

The Roadside Unit transceiver receives the speed and location information from the 
OnBoard Unit. It verifies if the light is turning red anytime soon, and if it is then it 
calculates whether the speeding car will run the red light. If it will run the red light, 
then a warning signal is sent to the transceivers of all OnBoard Units. 

 
Traffic Light 

We are simulating the traffic light on a microcontroller. The microcontroller has an 
external clock which helps it keep track of the period of time the light should remain 
a certain color. It is directly connected to the Roadside Unit laptop, to which it sends 
a control signal defining the point after which the Roadside Unit needs to consider all 
messages from the OnBoard Unit as Event Messages. 

 
Warning Signal 

If the speeding car will run the red light, then a warning message is sent from the 
Roadside Unit transceiver to the transceivers on the OnBoard Units of the speeding 
car as well as the waiting car. 

 
2.2 Input 
 
There are two inputs to the Accident Warning System. 
 
1. GPS 

This input contains information on the speed and location of the car in which the 
GPS is located. It is constantly sent to the Roadside Unit. 

 
2. Traffic Light 

This input allows the Roadside Unit to judge when to regard the speed and 
location information from the OnBoard Unit as Event Messages. 

 
2.3 Output 
 
There are two kinds of output from the Accident Warning System. 
 
1. Warning Signal 

A warning signal is sent from the Roadside Unit transceiver to the OnBoard Unit 
transceiver of the speeding and waiting cars in order to warn both cars that the 
speeding car is about to run the red light. 

 
2. No Action 

If the speeding car will not run the red light, then no action is taken by the 
Roadside Unit and hence no warning signals are received by the OnBoard Units. 
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2.4 Acceptability Test 
 
The acceptability test is to ensure the successful execution of the real-life demonstration of 
an accident warning system involving a single speeding car. If the car is about to run the 
red light, then a warning should flash on the laptops of the speeding and waiting car. If it 
is not going to run the red light, then no action should be taken. 
 
2.5 Product Cost 
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3 TECHNOLOGY SURVEY 
 
3.1 Global Positional System 

 
Overview 
 
The Global Positioning System, or GPS, can show you your exact position on Earth any 
time, anywhere, in any weather. The system consists of a constellation of 24 satellites that 
orbit 11,000 nautical miles above Earth’s surface and continuously send signals to ground 
stations that monitor and control GPS operations. 

GPS satellite signals can be detected by GPS receivers, which calculate their locations 
anywhere on Earth within a meter by determining distances from at least three GPS 
satellites. No other navigation system has ever been so global or so accurate.  

GPS, formally known as the Navstar Global Positioning System, was initiated in 1973 to 
reduce the proliferation of navigation aids. By creating a system that overcame the 
limitations of many existing navigation systems, GPS became attractive to a broad 
spectrum of users worldwide. GPS has been successful in virtually all navigation 
applications, and because its capabilities are accessible using small, inexpensive equipment, 
GPS is being utilized in a wide variety of applications across the globe. 

 

Figure 7: Constellation of Satellites 

The principle behind GPS is the measurement of distance (or “range”) between the 
satellites and the receiver. The satellites tell us exactly where they are in their orbits by 
broadcasting data the receiver uses to compute their positions. It works something like 
this: If we know our exact distance from a satellite in space, we know we are somewhere 
on the surface of an imaginary sphere with a radius equal to the distance to the satellite 
radius. If we know our exact distance from two satellites, we know that we are located 
somewhere on the line where the two spheres intersect. And, if we take a third and a 
fourth measurement from two more satellites, we can find our location. The GPS receiver 
processes the satellite range measurements and produces its position.  

GPS uses a system of coordinates called WGS 84, which stands for World Geodetic System 
1984. Likewise, GPS uses time from the United States Naval Observatory in Washington, 
D.C., to synchronize all the timing elements of the GPS system. 
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Figure 8: GPS Principles of Working 

 
Figure 9: GPS Working Stepwise 

 
The basic GPS service provides users with approximately 100-meter accuracy, 95% of the 
time, anywhere on or near the surface of the earth. To accomplish this, each of the 24 
satellites emits signals to receivers that determine their location by computing the 
difference between the time that a signal is sent and the time it is received. GPS satellites 
carry atomic clocks that provide extremely accurate time. The time information is placed 
in the codes broadcast by the satellite so that a receiver can continuously determine the 
time the signal was broadcast. The signal contains data that a receiver uses to compute the 
locations of the satellites and to make other adjustments needed for accurate positioning. 
The receiver uses the time difference between the time of signal reception and the 
broadcast time to compute the distance, or range, from the receiver to the satellite. The 
receiver must account for propagation delays, or decreases in the signal's speed caused by 
the ionosphere and the troposphere. With information about the ranges to three satellites 
and the location of the satellite when the signal was sent, the receiver can compute its 
own three-dimensional position. An atomic clock synchronized to GPS is required in 
order to compute ranges from these three signals. However, by taking a measurement 
from a fourth satellite, the receiver avoids the need for an atomic clock. Thus, the receiver 
uses four satellites to compute latitude, longitude, altitude, and time.  
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Working Principles of GPS 
The GPS works in five logical steps: 

• Trilateration 
• Measuring Distance 
• Precise Timing 
• Satellite Positioning 
• Error Correction 

 

 
• Position is calculated from distance 

measurements (ranges) to satellites. 
 
• Mathematically four satellite ranges are 

needed to obtain exact position. 
 
 

Figure 10: Step 1 – Trilateration of Three Satellites 
 

• Distance to a satellite is determined by measuring how 
long a radio signal takes to reach us from that satellite.  

• To make the measurement we assume that both the 
satellite and our receiver are generating the same 
pseudo-random codes at exactly the same time.  

• By comparing how late the satellite's pseudo-random 
code appears compared to our receiver's code, we 
determine how long it took to reach us.  

• Multiply that travel time by the speed of light and 
you've got distance.   

Figure 11: Step 2 – Measuring Distance 
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• Accurate timing is the key to measuring 

distance to satellites.  
• Satellites are accurate because they have 

atomic clocks on board.  
• Receiver clocks don't have to be too accurate 

because an extra satellite range measurement 
can remove errors.  

 

Figure 12: Step 3 – Precise Timing 
 
 
 
 
 

• To use the satellites as references for range 
measurements we need to know exactly where they are.  

• GPS satellites are so high up their orbits are very 
predictable.  

• Minor variations in their orbits are measured by the 
Department of Defense.  

• The error information is sent to the satellites, to be 
transmitted along with the timing signals.  

 

Figure 13: Satellite Location 
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Figure 14: Error Correction 

In the real world there are lots of things that can happen to a GPS signal that will make its life less 
than mathematically perfect. Some of the prominent sources and solutions to errors are: 

• As a GPS signal passes through the charged particles of the ionosphere and then through the 
water vapor in the troposphere it gets slowed down a bit. A way to get a handle on these 
atmosphere-induced errors is to compare the relative speeds of two different signals. This 
"dual frequency" measurement is very sophisticated and is only possible with advanced 
receivers. 

• Trouble for the GPS signal doesn't end when it gets down to the ground. The signal may 
bounce off various local obstructions before it gets to our receiver. This is called multipath 
error and good receivers use sophisticated signal rejection techniques to minimize this 
problem. 

• The atomic clocks they use are very, very precise but they're not perfect. Minute 
discrepancies can occur, and these translate into travel time measurement errors. 

• The policy called "Selective Availability" or "SA" and the idea behind it was to make sure that 
no hostile force or terrorist group can use GPS to make accurate weapons. Basically the DoD 
introduced some "noise" into the satellite's clock data which, in turn, added noise (or 
inaccuracy) into position calculations. The DoD may have also been sending slightly 
erroneous orbital data to the satellites which they transmitted back to receivers on the 
ground as part of a status message. On May 1, 2000 the White House under President 
Clinton’s administration signed a Presidential Order to discontinue the intentional 
degradation of the GPS signals to the public beginning at midnight. 
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Civilian Accuracy Technology 
 
Prior to 1 May 2000 Global Positioning Systems accurate up to 100 meters (300 feett) 
due to “Selective Availability” feature enabled by he Department of Defense to prevent 
terrorist and rouge nations from using GPS as a targeting mechanism. The U.S. military 
was able to quickly develop and test their ability to selectively block accurate GPS 
transmissions in areas of conflict or where U.S. security was at risk. When the U.S. Air 
Force Space Command turned off SA last night, GPS became incredibly accurate for the 
entire planet. After President Clinton signed the Executive Order removing. This allowed 
GPS receivers to be accurate up to 10 meters (60 feet). Accuracy up to 10 meters is not 
enough for various civilian applications such as GIS, mapping, construction, mining and 
vehicle tracking. Hence, to overcome this inaccuracy in tracking, a couple of other 
techniques were used to bypass the limitations put fourth by the Department of Defense 
to make bring the accuracy up to 5 centimeters (2 inches). The following three 
technologies have been implemented by the Federal Aviation Administration, 
Department of Transportation and various other groups to improve the accuracy of GPS 
signals.   
 

• Wide Area Augmentation System (WAAS) 
The Federal Aviation Administration (FAA) has designed a Satellite Based 
Augmentation Systems (SBAS) to improve the accuracy, integrity and availability 
of the Global Positioning System (GPS) required by civilian throughout the United 
States. The SBAS designed by the FAA is called the Wide Area Augmentation 
System (WAAS). Since a GPS unit already consists of a satellite receiver, correction 
signals were sent out on these frequencies than to use an entirely separate system 
and thereby double the probability of failure. Existing GPS satellites did not have 
any additional channels that could be used for this feature, so instead it was 
planned to add broadcasters to existing communications satellites. In addition to 
lowering implementation costs by "piggybacking" on a planned launch, this also 
allowed the signal to be broadcast from geostationary orbit, which meant a small 
number of satellites could cover all of North America. WAAS has twenty-five 
Wide-area Reference Stations positioned throughout the United States which 
compare the GPS signal with known (surveyed) coordinates. With WAAS 
implementation accuracy of the GPS increases to 3 meters (10 feet). Figure 15 
shows how the accuracy of the GPS varies and its coverage throughout the United 
States.   
 

 
Figure 15: WAAS Accuracy and Coverage 
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• Differential Global Positioning System (DGPS) 
Differential Global Positioning System or "DGPS" can yield measurements good to 
a sub meter level in moving applications and even better in stationary situations. 
Differential GPS involves the cooperation of two receivers, one that's stationary 
and another that's roaming around making position measurements. DGPS 
improves GPS accuracy by using a high-performance GPS receiver (reference 
station) at a known location. Since the reference station receiver or beacon knows 
its exact location, it can determine errors in the satellite signals. The error data for 
each tracked satellite is formatted into a correction message and transmitted to 
GPS users. These differential corrections are then applied to the GPS calculations, 
removing most of the satellite signal error and improving accuracy. 
 

 
Figure 16: DGPS Working 

 
Product Overview 
 
Market overview of the different types of GPS provided us with various options available 
to us. A brief overview of the products considered for the project and why were they 
rejected is provided in the table below. 
 

Table 1: GPS Product Comparision 
Product Cost USD Accuracy (WAAS) Accuracy (DGPS) Reason Rejected 

GlobalSat BU-353 79.00 5 meters NA Not Accurate 
Magellan AC12 Board 160.00 1 meter 0.8 meter Accepted 
Magellan DG14 Board 1500.00 1 meter 40 – 70 cm Expensive 
Trimble BD950 Board 2000.00 5 meters 1 meter Expensive 

 
We chose the Magellan AC12 Board for our project because it was accurate enough for 
our project requirements and also within budget. Apart from being accurate the Magellan 
AC12 also had two bidirectional serial RS232 ports for communication with other 
peripheral devices. 
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United States Coast Guard Beacon Coverage 
 
NAVCEN operates the Coast Guard Maritime Differential GPS (DGPS) Service and the 
developing Nationwide DGPS Service, consisting of two control centers and over 60 
remote broadcast sites. The Service broadcasts correction signals on marine radio beacon 
frequencies to improve the accuracy of and integrity to GPS-derived positions.  
 
The Magellan AC12 board can use the radio frequencies from the beacons to provide 
accuracies up to sub meter level. Coverage in the Amherst, MA area is provided by two 
beacons. One is located in Acushnet, MA and the other is located in Hudson Falls, NY.  
Figure 17 shows the coverage of the United States Coast Guard beacon signals in 
Massachusetts.  
 

 

 
Figure 17: United States Coast Guard Coverage in Massachusetts 

 
 
 
 
 
 
 



Team Pishro-Nik & Ni  October 19, 2006 

Page 17 

 
Figure 18: Position of Beacon Station Relative to Amherst MA 
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3.2 Transceiver 
 
Wireless Network IEEE Standard 
 
The IEEE 802.11 standard denotes a set of Wireless LAN standards. The 802.11 family 
includes six over-the-air modulation techniques that use all the same protocol. A brief 
summary of some of the standards and their characteristics is provided in Table 2 [3]. 
 

Protocol Release Date Operational Frequency Data Rate (Typical) Data Rate (Maximum) Indoor 
Range 

802.11a 1999 5 GHz 25 Mbit/s 54 Mbit/s 30 m 
802.11b 1999 2.4 GHz 6.5 Mbit/s 11 Mbit/s 50 m 
802.11g 2003 2.4 GHz 25 Mbit/s 54 Mbit/s 30 m 
802.11n 2007 2.4 GHz or 5 GHz 200 Mbit/s 540 Mbit/s 50 m 
802.11p 2008 5.9 GHz 27 Mbit/s 54 Mbit/s ? 

Table 2: Summary of 802.11 family 
 
The most popular standard is the 802.11b. 802.11a and 802.11g are the second most 
popular standards. The 802.11p and 802.11n standards are still under research and 
standardization process. The 802.11p is specifically for DSRC VII systems. 
 
IEEE 802.11p Standard 
 
Bandwidth 

75 MHz (5.850 – 5.925 GHz) 
 

Channels 
There are 7 non-overlapping 10 MHz channels. 2 of the channels can be combined to 
make one 20 MHz channel. This is illustrated in Figure 19 [2]. 

 

 
Figure 19: DSRC Channel scheme in United States 

 
 

It is important that all safety messages are transmitted on one designated channel in 
order to ensure that all vehicles listen to the proper one for such messages. 
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Reserved Channel 
This is also called the “guard channel”. 5 MHz at the lower end of the spectrum 
are reserved for it. 

 
Service Channels 

Channels 172 and 184 are reserved for safety related applications. However, these 
two are not meant to be an option for regular safety communication. The 
remaining six channels (174, 175, 176, 180, 181 and 182) can be used for non-
safety communication. 

 
Control Channel 

This channel is strictly for safety related communication and non-safety related 
communication is strictly limited in terms of transmission line and interval. This is 
illustrated in Table 3. 
 

 RSU Vehicle 
Maximum Data Transmission Duration 750 μs 580 μs 

Minimum Interval Between Data Transmissions 100 ms 750 ms 
Table 3: Control Channel usage limits for non-safety transmission in USA 

 
Power 

Usually less than 2 W but up to 30 W for qualified public safety applications on the 
Control Channel. 

 
Product Overview 
 
There are no commercially available 802.11p transceivers. The first are scheduled to 
appear in the market around 2012, according to Mr. Gary Pruitt from Arinc. Table 4 
illustrates our technology survey for the Transceiver [4] [5] [6] [7]. 
 

Transceiver Company Characteristics Price Decision 
OTTO on Board MarkIV Range: 300 m 

802.11p 
Data Rate: 27 Mbps 

RS232 Serial Port 

Not for Purchase Cannot be 
Bought 

Q-Free RSU and OBU Q-Free Range: 20 m 
802.11p 

RS232 Interface 
USB Interface 

- Too short 
Range 

Tsunami QuickBridge Proxim Range: 100 m 
802.11a/b/g 

10/100Base-TXEthernet 
54 Mbps (Max) 

$2500.00 Too 
Expensive 

Airbornedirect Serial Bridge Quatech Range: 100 m 
802.11b/g 

RS232 Interface 
Wireless AP 

$236.00 Bought 

Table 4: Overview of Transceiver Product Survey 
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Our key goals in the search of a transceiver were the following: 
 
1. Range 

The Accident Warning System is to work across a radius of 200 m around the 
‘traffic light’. Hence, we need a transceiver which transmits and receives data over 
a range of about 250 m. 

 
2. Interface 

We are using laptops to act as the system which logs GPS data, calculates whether 
a car will run red light, and also as the system which receives the warning signal of 
a car running the red light and alerts the driver. The easiest and most convenient 
interface is the serial port. Hence, we looked for the RS232 port interface to be 
available in the transceiver. 

 
We began our transceiver technology survey with the assumption that a commercially 
available 802.11p transceiver is available in the market. Upon researching and contacting 
the companies, MarkIV and Q-Free, we realized that our assumption was incorrect. 
Hence, we switched to finding an 802.11b transceiver which could work in lieu of the 
802.11p transceiver. Once an 802.11p transceiver is available, then the 802.11b transceiver 
could simply be replaced. 
 
Our search for a suitable 802.11b transceiver brought us to the Proxim Tsunami 
QuickBridge. This product was perfect for a transceiver except for the fact that it was too 
expensive. The Quatech Airbornedirect Serial Bridge on the other hand, is as suitable as 
the Proxim Tsunami QuickBridge and is also within price range. Hence, we purchased the 
Airbornedirect Serial Bridge Development Kit. 
 
The Development Kit comes with the following components [4]: 
 

1. AirborneTM Embedded Wireless Device Server 
2. Evaluation Board (6” x 9”) 
3. Access Point Router 
4. Quick Start Guide 
5. Power Supply 
6. Serial Port Cable - DB9F to DB9M 
7. ISP Cable - DB25M to DB25M 
8. External Antenna 
9. 9 Volt Battery 
10. Software CD includes: 

a. Evaluation utilities 
b. Kit user’s guide 
c. Module firmware 
d. Release notes 
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       Figure 20: Airbornedirect Serial Bridge Development Kit 

 
3.3 Current State-of-Art Practice 
 
Global Positioning System 
 
Currently commercial GPS receivers are capable of receiving Wide Area Augmentation 
Signals (WAAS) which gives these receivers an accuracy of around 3 meters depending on 
signal reception and environmental conditions. For some applications this is not an 
acceptable measure of accuracy. To overcome this obstacle the civilian sector has come up 
with the use of Differential Global Positioning System (DGPS) which was explained in 
detail earlier. There exist two different methods of DGPS implementation that vary on 
cost and accuracy.  
 
The first implementation uses the correctional signals from the beacons placed by the 
United States Coast guard, which can be accessed freely by any DGPS receiver. The only 
draw back in using this implementation is being in the area that has this coverage. This 
increases the accuracy of the GPS system to about 0.8 – 1 meter. A standalone GPS 
receiver is not enough to implement this solution as they are not equipped to receive the 
radio waves from the beacons. Two different hardware solutions are commercially 
available to implement a DGPS system. 

• Magellan DG14 Board is equipped with both a GPS and a DGPS receiver, in 
other words, it can receive signals from both the GPS satellites and also from 
the United States Coast Guard beacons and provide correction ability. This 
board cost 1500 USD, which is a fairly expensive solution. 

• Magellan AC12 Board can be attached to a DGPS Beacon receiver enabling it to 
receive both GPS satellite signals and the Coast Guard correction beacon signals. 
The AC12 Board cost 160 USD. A compatible and commercially available DGPS 
receiver is provided by NAVTEQ, the SBX-3 Board, which cost 425 USD with 
the DGPS antenna. This solution is relatively cheaper than the DG14 Board.   
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The second implementation makes use of local beacon stations installed and maintained 
by individuals. This implementation increases accuracy to a few centimeters. The AC12 
Board can be used as a GPS receiver attached to transceiver can be used, along with a 
base station that has to be setup. The Magellan DG14 Board can be configured to act as a 
base station, but the correctional signals from the DG14 have to be transmitted to the 
receivers in the area. Two different types of transceiver solutions can be implemented that 
vary in cost and signal strength.  

• Freeware provides low cost spread spectrum UHF receivers that can transmit 
correctional signals from the base station to the receivers. Using Freeware 
transceivers does not require a FCC license but they can only be used in direct 
line of sight setting due to signal characteristics. Hence, this implementation is 
not possible in urban settings.    

• Pacific Crest is the other type of transceiver that can be used in setting with 
line of sight is not possible. This requires an FCC license and each transceiver 
costs 1200 USD. One transceiver will have to be installed on the base station 
and the other transceiver on the GPS receiver such as the AC12 Board. 

 
Accident Warning System 
 
The state-of-the-art practice is currently being done by the PReVENT organization. This is 
a European project being conducted by a consortium of organizations ranging from car 
companies to electronics companies to universities. 
 
PReVENT is a much broader project than our accident warning system project. It deals 
with the following fields [1]: 
 
Safe Speed and Safe Following 

• Co-operate seamlessly with the driver through the most suitable HMI channels, 
and suggest the proper velocity and headway for the given driving conditions. 

 
• Automatic detection, locating and relevance check of hazards through traffic and 

weather based on onboard sensors and a positioning system such as GPS.  
 

• Testing a local, self-organized car-to-car communication system for establishing a 
decentralized communication network with both oncoming and following cars. 

 
Lateral support and driver monitoring 

• Examining a next generation adaptive lane-keeping support system, especially for 
use in situations where lane markings are missing, ambiguous or when the visibility 
is restricted. 

 
• Studying a lateral and rear area monitoring application that enhances the driver’s 

perception of collision risk in the lateral and rear area of the vehicle - especially 
when detection is very difficult due to limited visibility or critical overload on the 
driver’s attention. 
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• Testing a stand-alone lane-change assistance system with integrated blind spot 
detection that assists the driver in lane-change maneuvers while driving on 
multilane roads. 

 
Intersection safety 

• Speed recommendation to driver 
 
• Predicting the trajectories of the driver’s car and other nearby vehicles 

 
• Testing a driving simulator allowing the development of active safety applications 

with state-of-the-art and future technology. 
 

• Investigation of an intersection infrastructure able to communicate bi-directionally 
with all vehicles passing the intersection. The traffic light is able to communicate 
the delay for the color change, and the vehicle is able to communicate an 
estimation of the friction coefficient in order to forward this information to other 
vehicles arriving at the intersection. 

 
Function field vulnerable road users and collision mitigation 

• Versatile 3D sensor technology for urban collision mitigation and protection (for 
pre-crash or blind spot surveillance applications), 

 
• High performance sensor systems - including real-time object classification, capable 

of reliably classifying pedestrians, bikes, motorcycles, cars and trucks 
 

• Collision mitigation through the intervention of active structural components such 
as controllable bumpers, crash boxes, motor hoods, and safety belt pre-tensioners. 

 
• Collision mitigation through autonomous or semi-autonomous braking, which 

significantly reduces kinetic impact energy by mutual adaptation and suitable 
combination of sensors and actuators to achieve integrated, actuator-powered 
collision mitigation systems 

 
• Collision mitigation in terms of pre-fire and pre-set applications, aiming to 

improve the efficiency of reversible (belt-pre-tensioning) and non-reversible 
(airbags) restraint systems by providing additional set-up information to them 

 
• Collision mitigation by prevention of truck acceleration from stationary, when 

pedestrians or other VRUs are present in the blind spot area, in particular in front 
of the truck 

 
We are of-course only concerned with the Intersection Safety aspect. As we mentioned 
earlier, the PReVENT Intersection Safety Project deals not only with an accident warning 
system but also with providing speed suggestions to drivers as well as path suggestions on 
the basis of trajectories calculated of other vehicles at the intersection. Traffic 
management also comes into play by traffic information at the intersection being 
analyzed and decisions being made upon them. Pedestrian warning is another aspect 
which is not present in our project. 



Team Pishro-Nik & Ni  October 19, 2006 

Page 24 

 
We are using only a GPS to track a car’s speed and location. The PReVENT organization 
on the other hand uses a variety of technologies to accomplish the task of keeping 
intersection traffic information. 
 
Laser Sensor and Video Camera 

These are within the vehicle and sense the road around for obstructions and moving 
vehicles. They also guide the vehicle in which they are located in terms of speed and 
path to be taken as the vehicle approaches the intersection. This is done by detecting 
lane markings and the white arrows indicating turning lanes. Figure 21 shows the area 
detected by the sensors. 
 

 
Figure 21: Area of detection of on-board vehicle sensors 

 
Figure 22 shows where the sensors are located in a vehicle. 

 

 
Figure 22: Location of sensors in a vehicle 
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The sensors are also used to build a dynamic high-accuracy map of the intersection 
using static objects. This provides an accurate position of the vehicle on the 
intersection. 

 
GPS 

This provides the location of the host vehicle on the map. However, as a GPS is not 
very accurate in localizing exactly where the vehicle is located on the intersection, it is 
used alongside the on-board laser sensor and video camera in order to provide an 
accurate position of the vehicle. 

 
Transceiver 
 
There are not any commercially available 802.11p transceivers in the market. Since OTTO 
on Board is the only 802.11p transceiver whose data sheet is available on the web – it is 
easily the state-of-art practice. 
 
The OTTO on Board has been developed by a consortium of companies including Arinc, 
MarkIV, Highway Electronics and Transcore to name a few. It is currently under test by 
the US Department of Transportation. A brief summary of the important features of the 
OTTO on Board are: 
 
1. Range: 300 m 
2. Data Rate: 27 Mbps 
3. Interface: Serial Port 
 
Figure 23 shows the OTTO on Board transceiver logo. 
 

 
Figure 23: OTTO on Board 
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3.4 Project Specification 
 
To summarize the Technology Survey section, our project specifications are shown in 
Table 5. 
 

Transceiver GPS 
Company: Quatech Company: Magellan 

IEEE Standard: 802.11b 
Range: 200 m 

Accuracy: 5 m (without VAAS), 3 m (with VAAS),  
0.8-1 m (with DGPS) 

Table 5: Project Specification 
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4 MDR PROTOTYPE SPECIFICATIONS 
 
4.1 Aim 
 
The component we hope to have accomplished by the MDR is: 
 
1. Transceiver Set-Up 

The transceivers should be communicating with each other 
 
2. Traffic Light 

The traffic light should have been successfully implemented on a microcontroller 
 
3. GPS-Laptop Communication 

The GPS should be successfully transferring speed and location information to the 
speeding car OnBoard Unit laptop 

 
4.2 Acceptability Test 
 
The acceptability test to accomplishing each part of the MDR Prototype is the following: 
 
1. Transceiver Set-Up 

Garbage information will be sent and received through the transceivers. If the 
information is successfully transmitted and received then this part of the MDR 
prototype is successful 

 
2. Traffic Light 

LED on the breadboard will represent the traffic light and their operation should 
successfully simulate a real traffic light 

 
3. GPS-Laptop Communication 

Speed and location information of the car should be successfully received by the 
OBU laptop 
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