
1

AN-0015

WX-501-0083
www.wavetronix.com

Improved Intersection Counts Using SmartSensor 
Matrix Counting Channels

SmartSensor Matrix is installed at hundreds of intersections around the United States as a reliable and cost-effective alternative to 
inductive loops and video detectors. After the SmartSensor Matrix is successfully integrated into stop bar detection systems, one 
question is commonly asked: “How well does the SmartSensor Matrix count vehicles?” In order to answer this popular question, 
Wavetronix conducted numerous vehicle counting tests and published AN0013 Counting Vehicles on Signalized Roadways Using the 
SmartSensor Matrix.

Based on the results of that research, Wavetronix created a counting channel, which is a new channel-type option for the Smart-
Sensor Matrix. The following sections present test results for the new counting channel and describe the detection zones, channel 
mappings and sensor mounting locations that yielded the best results.

Controller Interface
Many traffic controllers provide a method for collecting traffic volume counts based on the signals presented to the controller’s 
detector channels. SmartSensor Matrix’ interface to the traffic controller for vehicle counting is the same as for stop bar detec-
tions–the Click 112/114 detector rack cards.

Detection Zones for Counting
The SmartSensor Matrix has special output channels that are designed to count vehicles. These channels produce an output pulse 
of a user-defined length when the center of a tracker crosses the front edge of a zone assigned to a counting channel.

These special counting channels work better for counts at the stop bar than normal channels (refer to AN0013). This is because 
with a normal channel, if two vehicles are in a zone at the same time, only one output pulse is created. With a counting channel, 
the sensor keeps track of separate trackers and counts them as they cross into a zone associated with the channel. This means that 
even if there are two trackers (vehicles) in the same lane and the same zone at the same time, they will produce one output per 
tracker, resulting in a correct count.  

It is recommended that zones for counting channels be approximately five feet long, but the zone length is not as critical as when 
normal presence channels are used for counting.

It is also recommended that detection zones for vehicle counting be assigned to unique output channels. By keeping the traffic 
control and vehicle counting detections on unique output channels, it is possible to signal the traffic controller simultaneously with 
both types of data.

Installation Locations
The SmartSensor Matrix was evaluated for accuracy counting at the stop bar and counting as vehicles exit the intersection. Both 
of these cases represent different counting applications with various associated benefits. 

Stop Bar with 4 Lanes - Mast Arm Mounting
Counting vehicles at the stop bar is a natural choice for SmartSensor Matrix installations because it allows two functions to be 
performed at once: stop bar detection and vehicle counting. The detection zones for counting channels can be placed anywhere 
along the approach. The preferred location for zones that will be used for counting channels is 5–10 feet beyond the stop bar, if the 
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sensor view permits; otherwise, 40 to -50 feet before the stop bar. 

It is recommended that a zone’s leading edge be located at least 20 feet after the configured start of a lane. This allows trackers to 
become established before being counted. Although less critical than for normal channels, zones for counting channels work best 
when located where vehicle queuing is less likely to occur.
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Figure 1 – Configuration for counting vehicles at the stop bar of a four-lane approach with counting channels

The test results shown in Table 1 below are taken from a stop bar test performed on a four-lane approach similar to the intersection 
depicted in Figure 1. The sensor was mounted on the signal head mast arm, which is the preferred location for a stop bar installa-
tion. The overall count accuracy for this test was 96.82%.

Vehicle Counts
Lane Sensor Truth Count Accuracy
1 48 48 100.00%

2 357 353 98.88%

3 297 285 95.96%

4 52 44 84.62%

Total 754 730 96.82%

Table 1 – Test results for mast arm-mounted sensor using counting channels

Stop Bar Only with 6 Lanes – Near-side Mounting
In this test, the sensor was mounted on a vertical pole on the near side of the intersection (the lane closest to the sensor was the 
right-hand turn lane). This is the third choice of mounting locations and is recommended when the opposite-direction mast arm 
is not suitable for mounting the sensor, or when only one traffic phase is used on the approach. 
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Figure 2 – Configuration for counting vehicles at the stop bar of a six-lane approach with counting channels

The results shown in Table 2 below are taken from a test of a six-lane approach, similar to the approach shown in Figure 2. The 
accuracy over all lanes was 97.64%.

Vehicle Counts
Lane Sensor Truth Count Accuracy
1 75 73 97.33%

2 190 184 96.84%

3 227 218 96.04%

4 171 172 99.42%

5 97 93 95.88%

6 89 89 100.00%

Total 849 829 97.64%

Table 2 – Test results for near-side mounted sensor using counting channels

Stop Bar and Departing Lanes
For some intersections, it is possible to provide stop bar detections for the approaching lanes and count vehicles in the opposite-
direction departing lanes. In Figure 3, the counting detection zones are located such that vehicles can de-queue before they are 
counted.
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Figure 3 – Configuration for counting vehicles as they exit an intersection

The test results shown in Table 3 below are taken from a test performed on the three lanes exiting an intersection, similar to the 
intersection shown in Figure 3 above. The overall count accuracy for this test was 97.56%.

Vehicle Counts
Lane Sensor Truth Count Accuracy
1 507 506 99.80%

2 514 526 97.72%

3 178 197 90.36%

Total 1199 1229 97.56%

Table 3 – Test results when the counting detection zones are located in lanes departing an intersection

Summary
The test results described in this report indicate that SmartSensor Matrix can be successfully used in numerous vehicle-counting 
applications, which allow stop bar detections and vehicle counting to occur simultaneously. For best results, it is recommended that 
detection zones for vehicle counting be placed so that a minimum amount of queuing occurs over the zone.

The majority of count-related errors occurred because of occlusion or multipath in the farther lanes of the sensor. There were some 
errors due to long vehicles, such as semi tractor trailers, breaking up into more than one vehicle. As a basic trend, the count accuracy 
decreased as the number of lanes between the sensor and the lane being analyzed increased. The results of the three test sites are 
stated in Table 4 below. 

Vehicle Counts
Mounting Location Sensor Truth Effective Count Accuracy
Stop Bar - 4 lanes mast arm mounting 754 730 96.82%

Stop Bar - 6 lanes near side mounting 849 829 97.64%

Midblock – Upstream Detection 1199 1229 97.56%

Table 4 – Summary of Matrix counting accuracies for various mounting locations
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Wavetronix is interested in hearing how you have used SmartSensor Matrix to add vehicle counts to your installations. Do you 
have other applications in mind for SmartSensor Matrix? Let us know how we can help.
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