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Counting Vehicles on Signalized Roadways Using 
the SmartSensor Matrix

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 painstakingly analyzed the 
results to determine the simplest, most reliable guidelines for vehicle counting applications. The following sections 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
Wavetronix testing revealed that the SmartSensor Matrix counts vehicles most accurately when detection zones are as narrow as pos-
sible across a lane (approximately two feet wide at the lane center). This width is narrow enough to detect gaps between vehicles and 
still detect vehicles travelling at the posted speed limit on the roadway. Detection zones for vehicle counting work best in locations 
where vehicles are most likely to be free flowing (i.e. the vehicles are moving and have had a chance to de-queue from the stop bar).

Note. The detection zone shape can be non-rectangular; the important thing is that a vehicle-counting zone has the 
desired width at the lane center and that it does not cross the center of another lane.

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

Figure 1 – Detection zones do not need to be rectangular. Each zone shown is approximately two feet wide at the center of the lane.
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Note. The counting accuracy of the SmartSensor Matrix will degrade as speeds exceed 50 mph.

Installation Locations
The SmartSensor Matrix was evaluated for counting accuracy at two different types of installations: at the stop bar and at midblock 
locations away from the stop bar. Each of these locations represents different counting applications with various associated benefits.    

Stop Bar – Approach Only
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 should be located downstream of the stop bar in 
order to maximize the likelihood that traffic will have had a chance to de-queue before being counted.    
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Figure 2 – Configuration for counting vehicles at a stop bar

The test results shown in Table 1 are taken from a stop bar test performed on a four-lane approach, similar to the intersection 
depicted in Figure 2. The approach had a posted speed limit of 35 mph and the left turn movements were protected. The overall 
count accuracy for this test was 80.47%.

Vehicle Counts
Lane Sensor Truth Count Accuracy
1 36 42 85.71%

2 36 50 72.00%

3 33 38 86.84%

4 31 39 79.49%

Total 136 169 80.47%

Table 1 – Test results when counting detection zones are located just downstream of the stop bar; speed limit = 35 mph

Stop Bar and Departing Lanes
For many 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, note that the detection zones for counting are located such that vehicles can de-queue before 
they are counted. Not only can the sensor perform two functions (stop bar detections and vehicle counting), but the test performed 
on departing lanes shows that the count accuracy is better than when counting at the stop bar.
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Figure 3 –  Configuration for counting vehicles as they exit an intersection

The test results shown in Table 2 are taken from a test performed on a 45 mph roadway with three lanes exiting the intersection, 
similar to the intersection shown in Figure 3. The overall count accuracy for this test was 92.59%.

Vehicle Counts
Lane Sensor Truth Count Accuracy
1 194 204 95.10%

2 153 171 89.47%

3 78 84 92.86%

Total 425 459 92.59%

Table 2 – Test results when counting detection zones are located in lanes departing an intersection; speed limit = 45 mph

Midblock – Upstream Detection
When stop bar detection is not the primary objective, the SmartSensor Matrix can be installed at a midblock location where traffic 
is generally free flowing. The advantage of looking upstream at free flowing traffic is that vehicles can be tracked over the maximum 
possible range of the sensor (beyond the 140-foot, 90-degree arc). These factors can result in better count accuracies compared to 
installations with shorter tracking distances, such as when vehicles enter the sensor’s view from the side of an exterior beam.  
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Figure 4 – Configuration for counting vehicles at a midblock location
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The test results shown in Table 3 are taken from a test performed at a three-lane midblock location where the posted speed limit 
was 45 mph, similar to the intersection represented in Figure 4. The overall count accuracy for this test was 99.74%.

Vehicle Counts
Lane Sensor Truth Count Accuracy
1 160 158 98.73%

2 161 162 99.38%

3 65 65 100.00%

Total 386 385 99.74%

Table 3 – Test results when the SmartSensor Matrix is located midblock and counting vehicles as they approach the sensor; speed limit = 45 mph

Note. These results are not guaranteed for all installations. The tests were performed on installations that were not 
specially tuned or otherwise treated to maximize results.

It is important to note that the majority of count errors represented in these test results are not simply missed presence detections; 
the main source of vehicle undercounting is a phenomenon called “tracker chaining.” 

Tracker chaining is when two independently tracked vehicles get close enough to be covered by a single, larger tracker. This occurs 
most frequently as vehicles are de-queing from the stop bar. When this happens, the presence detection is maintained, but the 
distinction between the back of the leading vehicle and the front of the following vehicle is not preserved. As a result, only one 
vehicle count is registered.

Summary
The tests results described in this report indicate that the SmartSensor Matrix can be successfully used in several vehicle-counting 
applications–some of which allow stop bar detections and vehicle counting to occur simultaneously. 

For best results, it is recommended that detection zones for counting be approximately two feet wide and located so as to maximize 
the likelihood that traffic will be free flowing when detected.

Vehicle Counts
Mounting Location with 2-ft zones Sensor Truth Count Accuracy
Stop Bar - Approach Only; speed limit = 35 mph 136 169 80.47%

Stop Bar and Departing Lanes; speed limit = 45 mph 425 459 92.59%

Midblock - Upstream Detection; speed limit = 45 mph 386 385 99.74%

Table 4 – Test result summary of SmartSensor Matrix counting accuracies for various mounting locations

Wavetronix is interested in hearing how you have used the SmartSensor Matrix to add vehicle counts to your installations. Do you 
have other SmartSensor Matrix applications in mind? Let us know how we can help.
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