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Ramp meters are traffic signals placed on freeway entrance ramps or freeway connectors to control the flow of vehicles entering the freeway or moving from one freeway to another.  They are designed to improve the average speed of all vehicles traveling on a freeway mainline by decreasing congestion that can result when too many cars enter at certain points.  The capacity of a free-flowing freeway easily exceeds 2000 vehicles per hour per lane (vphpl).  When the lane becomes congested, the capacity of the freeway lane drops approximately to 1500 vphpl.  A free-flowing traffic lane can carry 33% more cars than a congested lane.  It is in the interest of the public to keep the freeways moving freely.  Ramp meters thus increase the total number of cars that can be accommodated on a freeway.  

At some locations, ramps with meters also offer vehicles with two or more occupants a priority treatment by allowing them to bypass the traffic signal controlling access to the freeway.  This encourages carpooling.

The concept behind ramp metering is simple: by using a signal at on-ramps, Caltrans can regulate the rate at which vehicles enter the freeway.  Vehicles entering at short intervals are less likely to slow down existing mainline traffic and can merge onto the freeway with less potential for accidents. Otherwise, they will experience bottlenecks generated by non metered on–ramps. 

TYPES OF RAMP METERING

District 7 serves Los Angeles and Ventura Counties, consisting of 870 metered ramps and 19 metered connectors, making it the largest ramp metering District in California. The District’s additional 378 on-ramps and freeway-to-freeway connectors are not metered due to geometric constraints, heavy on-ramp traffic or freeway light traffic condition.

There are three types of ramp metering in District 7:

1. Fixed Time/Time of Day Metering (TOD)

2. Local Traffic Responsive Metering

3. System Wide Adaptive Ramp Metering (SWARM)

It should be noted that all three types of metering could have one of the following ramp entry modes:

· One Car per Green Metering -- One vehicle per cycle per lane is permitted to enter the freeway. The metering rate varies from 3 to 15 cars per minute; in other words, a metering cycle varies from 4 to 20 seconds.  Assuming that the typical green time is 2 seconds, the remaining cycle interval is red time varying from 2 to 18 seconds.

· Platoon Metering -- Two to three vehicles per cycle per lane are permitted to enter the freeway per green light. Typically, platoon metering is used where rates of more than 900 vehicles per hour per lane are needed.

1. Fixed Time/Time of Day Metering (TOD)

Fixed time ramp metering is the simplest form of ramp metering which breaks up platoons of vehicles entering the freeway. This is a ramp meter with a pre-programed metering rate for the particular control period based on historically averaged traffic conditions. The cycle length is “set” and does not change or respond with freeway mainline conditions.  This is the primary drawback of this metering system. Typically metering rates are 180 to 900 vph per lane and 600 to 1320 vph per lane for platoon metering.  This type of ramp metering is used on a limited basis in District 7 when mainline loops are down or during construction. 

2. Local Traffic Responsive Metering

Local traffic responsive metering (also called local mainline responsive metering) is directly influenced by mainline traffic conditions just upstream of the ramp/connector during the metering period. If the volume and the occupancy on the mainline freeway drop respectively below a preset critical volume and critical occupancy, the controller can override the set metered rates and allow more cars on the freeway up to the point of turning the meters to constant green light. The primary criticism of local traffic responsive metering is that it reacts only to traffic conditions adjacent to the ramp and does not consider what is happening on the rest of the freeway system. Local traffic responsive metering is widely used in District 7.

3. System Wide Adaptive Ramp Metering (SWARM)

As the name indicates, it adapts the local traffic responsive metering concept to a whole section of freeway. System Wide Adaptive Ramp Metering, in abbreviation SWARM, is a relatively new ramp/connector metering system developed by National Engineering Technology (NET) Corporation. SWARM seeks to optimize traffic flow on the mainline and is responsive to actual conditions throughout the system and to recurrent as well as non-recurrent congestions.

SWARM is conceived as an effective new tool in ramp metering, capable to adjust the metering rate of several consecutive ramp meters based on actual traffic conditions.

Since 2001, SWARM has been tested  on different freeways of District 7 which presented potential heavy congestion. The tests done in 2001 and 2002 indicate that SWARM presents specific advantages over the two above-mentioned types of metering, such as: 

· It maximizes traffic flow on the mainline.

· It is responsive to actual traffic conditions throughout the system.

· It is responsive to recurring and non-recurring congestions.

However, SWARM present some disadvantages:

· Ramp control and traffic surveillance devices must be connected to a computerized communication center.
· Communication lines have to be maintained at all times in order for SWARM to operate properly.
· SWARM requires accurate data from mainline and on and off-ramp detectors in order to work effectively.
· It is more complicated than traffic responsive and fixed-time metering.
Some of them prevent SWARM to be used at any freeways in the District. In other words, SWARM may not work as well on any freeway corridors. Further testing of SWARM will be conducted on other corridors and it is projected that SWARM eventually will be in operation throughout District 7.
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