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Ramp Metering Using  
Wavetronix SmartSensors

Ramp metering is a tool used by traffic and ITS engineers to manage the flow of vehicles entering controlled-
access highways or freeways. Controlled-access freeways generally consist of high-occupancy roadways, which 
in turn result in low or variable speeds and contribute to potential merge friction from vehicles entering the 
freeway. The principle behind ramp metering is to evenly space the merging vehicles by metering them, reducing 
the likelihood of congestion and accidents on the mainline.

The Wavetronix line of reliable, non-intrusive SmartSensors detect all the parts of the ramp metering system: the 
mainline flow, presence at the stop bar, and traffic queue on the ramps. There is always a SmartSensor for your 
application, whether it is system-wide traffic response or fixed-time operation. Although ramp configurations vary, 
Wavetronix will help you design a ramp metering solution that fits the needs of your application.

Ramp stop-bar detection
For stop-bar detection across the country, Wavetronix created the SmartSensor Matrix: a true presence radar 
vehicle detector with 16 antennas that can detect stopped vehicles in a 90 degree arc that expands out 140 ft. 
from the sensor.

In a multilane ramp metering configuration, there are two zones for each lane of travel. The first zone is configured 
before the stop bar. It is triggered when a stopped or slowed vehicle is waiting to enter the freeway. This zone 
can be as large as needed and must be long enough to work effectively as a presence detector when there are 
multiple cars in the queue. 

The second zone is not always required, but is useful for systems that use a “passage zone” to ensure the vehicle 
has left the detection area. This zone signals back to the controller that the car has successfully cleared the area 
and the green light can be given to the next vehicle, as shown below. Wavetronix SmartSensors can have up to a 
0.5-second delay in detecting a vehicle, so the passage zones can be small five-ft. zones. In some situations, it may 
be easier to make one zone that covers the whole roadway and tie it into the same channels on the controller. 
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Passage zones

Presence zones

Ramp queue detection
For ramp queue detection, the type of sensor you will want to use depends on the type of ramp: straight, clover-
leaf, or long.

Straight-approach ramps
The SmartSensor Advance detects vehicles as they approach the intersection and protects vehicles in the 
dilemma zone. This detection can happen at multiple zones along the approach, resembling a series of loops 
along a 600–900 ft. area of detection. There are several ways to detect the level of arriving traffic flow. One way 
is to monitor queue levels by configuring the SmartSensor Advance to detect the speeds when queue spillback 
reaches setback locations of interest. This method allows you to continuously activate different channels based 
on estimated queue length. 

A 2009 ramp queue detection report conducted for Mn/DOT by SRF Consulting used four channels to estimate 
queue length in this way. The study reported that the average error in queue length was 9.2 ft (2.8 m) and the 
absolute average was 36.1 ft (11 m). These excellent results were achieved as the queue length on the ramp 
fluctuated from 0 to over 250 ft. and back six times during the almost two-hour period from 3:15 to 5:00 p.m.
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Note. This feature can also be used in busy off-ramp scenarios where an extension on green at the end of the 
ramp may be needed to prevent backup onto the controlled-access roadways. 

Clover leaf approaches or long ramps
If detection is needed beyond 500 ft. or the on-ramp is clover-leaf shaped, we suggest using the SmartSensor HD 
for detection. The SmartSensor HD can detect vehicles traveling perpendicular to the sensor up to 250 ft. away. 

In several systems, the occupancy of a particular part of the roadway is used to adjust the signal timing at the stop 
bar. Sometimes this occupancy is detected by loops or micro loops. The SmartSensor HD can be used to emulate 
this occupancy detection over a particular space. Using the SmartSensor HD’s loop emulation and corresponding 
rack cards, the HD will output a call when the space in front of the sensor is occupied. This is especially useful for 
replacing loops with HDs.


