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INTRODUCTION
  The main artery for traveling in and out of Toronto, Ontario, is Highway 401, a thoroughfare that expands to 12 to 14 lanes at its widest. And at over 350,000 vehicles per day, including 45,000 trucks, Highway 401 is exceeded in terms of traffic volume only by the Santa Monica freeway in Los Angeles. "It's world-class congestion. It comes to a grinding halt at rush hour virtually every day," Brian Marshall, of the Canada Transportation Development Centre, said.
NEED OF INTELLIGENT HIGHWAY

Traffic is a growing problem in almost every city in the world. The average American motorist spends 36 hours in traffic delays every year. The cost of traffic congestion just in the United States is $78 billion, representing the 4.5 billion hours of travel time and 6.8 billion gallons of fuel wasted sitting in traffic. Billions more dollars have been spent on electronics and systems to alleviate this logjam. 

Government transportation agencies are seeking out new, cheaper technology to replace the high-priced loop sensors and other invasive technologies that have been used in the past. 
CURRENT TRAFFIC TRACKING METHODS

The next time you are driving to work, take a minute to look at the technology in place to keep traffic flowing. Over the past two decades, state departments of transportation have installed billions of dollars worth of electronics to keep an eye on and manage traffic.
	


Here are the three basic devices used in managing traffic today: 

· Loop detectors 

· Video cameras 

· Electronic display signs 

LOOP DETECTORS

 Loop detectors are wires embedded in the road that detect small changes in electrical voltage caused by a passing vehicle. Traffic speed can be determined by detecting how quickly cars pass between two sets of loop detectors. Volume and speed data is transmitted to a central computer, which is monitored by local transportation departments.                                                                                       
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An induction-loop trigger is a length of electrical wire buried just under the asphalt. Usually, the wire is laid out in a couple of rectangular loops resting on top of each other.
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When a car drives over an induction loop, it disturbs the loop's electromagnetic field. This changes the total inductance of the loop circuit.


This wire is hooked up to an electrical power source and a meter. When you send electrical current through a wire, it generates a magnetic field. Positioning the wire in concentric loops, as in any electromagnet, amplifies this field. 

This sort of field affects not only objects around the loop, but also the loop itself. The magnetic field induces an electrical voltage in the wire that is counter to the voltage of the circuit as a whole. This significantly alters the flow of current through the circuit. 

The intensity of this induction depends on the structure and composition of the loop; changing the layout of the wires or using a different conductive material (metal) will change the loop's inductance. You can also change the inductance by introducing additional conductive materials into the loop's magnetic field. This is what happens when a car pulls up to the intersection. The huge mass of metal that makes up your car alters the magnetic field around the loop, changing its inductance. 

The meter in the system constantly monitors the total inductance level of the circuit. When the inductance changes significantly, the computer recognizes this shift and knows that a car has passed over the loop. 

This is the most common trigger mechanism, but it's not the only one in use. Some areas have had success with radar, laser or air-tube sensors

VIDEO CAMERAS
If the detectors sense a slowdown or an increased quantity in traffic, workers can use video cameras to get a better understanding of what's causing it. 
The computer is the brains behind the operation. It is wired to the cameras, the triggers and the traffic-light circuit itself. The computer constantly monitors the traffic signal and the triggers. If a car sets off a trigger when the light is red, the computer takes two pictures to document the violation. The first picture shows the car just on the edge of the intersection and the second picture shows the car in the middle of the intersection. 
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Most modern red-light-camera systems use digital cameras. Older ones use 35-mm cameras, in which case the film has to be collected for development periodically.
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In some states, a ticket is issued to the car's owner, no matter who's actually driving. In these states, the red-light camera only needs to photograph the car from behind, since the authorities only need a clear view of the rear license plate. In other states, the actual driver is responsible for paying the ticket. In this case, the system needs a second camera in front of the car, in order to get a shot of the driver's face. The ticket is still sent to the car's owner, but the authorities have the information available if there is any disagreement down the line. 

ELECTRONIC BOARD SIGN

Messages can be displayed on electronic signs to warn motorists of congestion ahead and to advise of alternate routes. 
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FUTURE TRAFFIC TRACKING SYSTEM
"The traditional loops in the road and cameras up on poles and guys sitting behind desks looking at monitors is too expensive to extend as far as people would like," Marshall said. Installing these detectors, cameras and signs has been a long process to complete, and is costing billions of dollars for state and federal governments to implement. Transportation officials are now searching for cheaper alternatives for managing traffic. 
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HYPERBOLIC MULTILATERATION AND CELLOCATE
      You are in a shrinking minority of the American population if you don't own at least one electronic communications device. There are more than 119 million cell-phone users in the United States as of July 2001. Each day, thousands more sign up. Millions more have two-way pagers. The radio signals emitted from these devices can reveal our location at anytime. This ability to locate cell-phone users will become a vital component of future traffic-management systems. 

On a short stretch of highway in Calgary, Alberta, Cell-Loc is testing out its new cell-phone tracking technology. In July 2001, the company sent a known vehicle down a 1.25-mile (2-km) section of a major highway, through the heart of the town, to test the accuracy of its system. The truck carried a GPS receiver onboard to compare the system's accuracy. 
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Here's how the Cellocate system will work: 

· Listening posts are placed throughout a city, either next to a cell-phone base station or in independent locations. Listening posts are comparable to half a base station: They can detect but not transmit radio signals. 

· Three listening posts are needed to get a two-dimensional position of a cell-phone user. 

· Listening posts detect cell-phone transmission; decode it and then time-stamp the arrival of a wave front from the transmission. 

· Once three towers have time-stamped a transmission, the information is quickly sent to a central computer that uses hyperbolic multilateration to determine the cell phone's position on a highway. 

"Hyperbolic multilateration" is just a fancy way of saying triangulation. A position is determined by locating the intersection of the hyperbolas from the radio waves detected by the listening posts. By analyzing how long it takes the radio wave to reach the listening post from the cell phone, a computer can calculate almost precisely where someone is located on the highway. If the person's location on the map is shown as off the highway, the computer corrects for this and snaps the location to the road. The entire process of detecting a person's position occurs in seconds. 

Cellocate is accurate within 330 feet (100 m) 67 percent of the time. Within 990 feet (300 m), the system is accurate 95 percent of the time. It supports AMPS (Advanced Mobile Phone System) and CDMA (Code Division Multiple Access) air interfaces. Cell-Loc is pursuing partnerships with cell-phone service providers. The service, which would allow cell-phone users to receive instant, personalized traffic warnings, will likely be available in a year or two and cost about $4 or $5 per month. 

PROVIDING INFORMATION

Once information is detected from cell phones, it has to be disseminated to motorists. In order for drivers to be routed around traffic, they must be informed of how fast the traffic is flowing, if it's clogged or if there is an incident blocking traffic altogether. This is where the cell-phone service provider comes into the picture. The provider would send this information out to customers. 
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What a traffic information site might look like


There are three ways to transmit information to motorists: 

· Collected information is fed into a large repository that can be accessed via a Web site. A map on the screen would show various roadways in green, yellow and red to indicate free-flowing traffic, slow traffic and clogged traffic, respectively. 

· Registered users, whose locations are known, are sent customized traffic reports based on the road and direction in which they are traveling. Systems will also advise users of alternate routes around congested areas. 

· Information is displayed on conventional electronic road signs. 

By getting information to the customers more quickly, developers believe that commuters will have enough time to react to these warnings and find another way around the congested areas. This would be an advance compared to how information is released today, which is primarily through radio or television news reports. By the time the radio and TV report an incident, it's typically too late for most commuters to act on the information. 

TAGGING

Transportation agencies are installing electronic toll tag readers along major highways. In some cities where toll booths are common, radio-frequency tags are attached to cars. As cars pass the reader, it detects the tag and subtracts a set amount of money from a prepaid account.
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These radio tags, or transponders, can be used to time vehicles between points in a freeway system. Unlike with a toll booth, drivers would not have to slow down for the reading device. They would merely drive past it. By analyzing a particular car's time between two points, a computer can determine the car's location and speed. 

These tags and the cell-phone tracking systems will make it almost impossible for someone to travel undetected, which has raised privacy concerns about this new technology. Cell-Loc has said that it would not sell information about motorists' locations to advertisers.
E-Z PASS

You never want to be stuck on a toll road without a pocket full of change. It can be a bit nerve-racking to dig through the car seats, trying to find something to give to the toll booth attendant while drivers behind you honk and yell for you to move on. These are the kinds of situations that cause delays at toll plazas. 
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Toll plazas like this one are familiar sites to millions of drivers.


Today, most toll roads are equipped with an electronic toll-collection system, like E-ZPass, that detects and processes tolls electronically. E-ZPass is used by several U.S. states, but most other electronic toll systems are very similar to E-ZPass. Basically, E-ZPass uses a vehicle-mounted transponder that is activated by an antenna on a toll lane. Your account information is stored in the transponder. The antenna identifies your transponder and reads your account information. The amount of the toll is deducted and you're allowed through. 

Electronic toll collection is designed to make traffic flow faster, as cars don't have to stop to make a transaction.

Millions of drivers pass through toll booths every day. Traditionally, the process is to put some change in a basket, which tabulates the coins and opens a gate to allow the driver through. Today, many local and state traffic agencies have installed or are installing electronic readers that allow drivers to pass through toll stations without coming to a complete stop. The names of the systems vary, but they all work in pretty much the same way. 
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Motorists can drive through E-ZPass toll lanes without stopping.


BASIC COMPONENTS

Here are the basic components that make the system work: 

· Transponder 

· Antenna 

· Lane controller - This is the computer that controls the lane equipment and tracks vehicles passing through. It is networked on a Local area network (LAN). 

· Host computer system - All of the toll plaza LANs are connected to a central database via a Wide area network (WAN). 

Drivers usually have to pay a deposit to obtain a transponder, which is about the size of a deck of cards. This device is placed on the inside of the car's windshield behind the rearview mirror. A transponder is a battery-operated, radio frequency identification (RFID) unit that transmits radio signals. The transponder is a two-way radio with a microprocessor, operating in the 900-MHz band. Stored in this RFID transponder is some basic account information, such as an identification number. 

Antennas, or electronic readers, are positioned above each toll lane. These antennas emit radio frequencies that communicate with the transponder. The detection zone of an antenna is typically 6 to 10 feet (2 to 3 m) wide and about 10 feet long. These two devices, the transponder and the antenna, interact to complete the toll transaction. 

Some electronic toll-collection systems may also include a light curtain and treadles. A light curtain is just a beam of light that is directed across the lane. When that beam of light is broken, the system knows a car has entered. Treadles are sensor strips embedded in the road that detect the number of axles a vehicle has. A three-axle vehicle is charged a higher toll than a two-axle vehicle. These two devices are safeguards to ensure that all vehicles are counted correctly. 

HOW IT WORKS
By installing electronic toll-collection systems, government agencies believe that traffic will move faster. The idea is that even if commuters have to slow down for the toll booths, they can get through faster with a system like E-ZPass. Motorists no longer have to worry about stopping to deposit or hand over the toll -- and there is certainly no searching the car for loose change. As long as they've paid on their E-ZPass account, they just have to rely on the lane antenna to read the signals from the transponder. 
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Here's how the system works: 

· As a car approaches a toll plaza, the radio-frequency (RF) field emitted from the antenna activates the transponder. 

· The transponder broadcasts a signal back to the lane antenna with some basic information. 

· That information is transferred from the lane antenna to the central database. 

· If the account is in good standing, a toll is deducted from the driver's prepaid account. 

· If the toll lane has a gate, the gate opens. 

· A green light indicates that the driver can proceed. Some lanes have text messages that inform drivers of the toll just paid and their account balance. 

The entire process takes a matter of seconds to complete. The electronic system records each toll transaction, including the time, date, plaza and toll charge of each vehicle. Typically, consumers maintain prepaid accounts. A yellow light or some other signal will flash to indicate if an account is low or depleted. 

The rules regarding how fast you can pass through the toll plaza vary from system to system. Some traffic agencies allow drivers to pass through the system at 55 miles per hour (86 kph). Others want you to slow down to 30 mph (48 kph), or even 5 mph (8 kph). 

These lanes are monitored using video cameras. Some states allow cars to drive right through the toll plaza as the antenna detects the transponder. If you try to go through the plaza without a transponder, the camera records you and takes a snapshot of your license plate. The vehicle owner then receives a violation notice in the mail. 

SOURCE OF KNOWLEDGE
· www.TechnlogyReview.com
· www.GlobalTechnoScan.com/Intelligent_traffic

 HYPERLINK "http://www.globaltechnoscan.com/Intelligent_traffic.htm" \t "_blank" .htm
· www.Research.vt.edu
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