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The Opticom™ Infrared (IR) Emergency Vehicle Preemption (EVP) system was first introduced in 1968 and has been 
providing reliable service for over 45 years. The technology was revolutionary when launched and remains the most 
widely deployed EVP technology in the world, supporting thousands of emergency calls every day. Over the years, 
the Opticom IR product has been the subject of numerous federal and customer studies that attest to the significant 
benefits it provides in an EVP environment, from both a safety and response time perspective. Infrared does 
however have limitations and the Opticom GPS system was introduced in 2002 to overcome these limitations.

With hundreds of customers, Opticom GPS is now the preferred choice for new EVP deployments by over 10:1 
when compared with Opticom IR. In addition, more than 50 existing Opticom IR customers upgrade to Opticom GPS 
each year to take advantage of lower operating costs and improved performance.

Overview
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Both Opticom™ IR and Opticom GPS systems operate under the 
same basic principle. As the emergency vehicle approaches a 
signalized intersection, it communicates with that intersection 
to modify the signal timing and activate a green phase in the 
direction of travel of the emergency vehicle. There are several 
requirements to make this EVP activation effective:

1. The activation must be early enough to allow: 

 a.  any vehicular traffic between the emergency vehicle  
and the intersection time to clear out of the path of the 
emergency vehicle. 

 b.  pedestrians crossing the road in front of the emergency 
vehicle time to exit the roadway safely.

2.  The activation must be late enough to avoid the roadway being 
cleared prematurely and unnecessarily impacting traffic flow.

3.  When the emergency vehicle reaches the intersection, it must 
have a clear path of travel in its chosen direction, without the 
need to slow down or stop.

4.  As soon as the emergency vehicle exits the intersection, the 
activation request must be immediately dropped to allow the 
intersection to resume its normal cycles, minimizing the impact 
on other vehicular traffic.

This is where the difference between an IR and a GPS system 
becomes apparent. 

Operation

Opticom IR emitter 
sends a secure, encod-
ed priority request to the 
intersection. 

1

2 Opticom detector receives IR signal 
and relays the request to Opticom 
phase selector.

2

Opticom GPS vehicle 
equipment transmits 
vehicle speed, 
direction and turn 
signal status to GPS 
intersection 

Opticom phase selector validates request from 
the radio/GPS unit and alerts the traf�c control 
system to request a green traf�c signal.

As vehicle enters radio range, 
the Opticom radio/GPS unit

 relays the request to 
Opticom phase 
selector.

1

3
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Because an IR system uses a flashing beam of infrared light to communicate from the vehicle to the intersection, the system relies on 
the intensity of that light received by the intersection to estimate the distance (weaker light assumes greater distance) of the emergency 
vehicle from the intersection. When this estimated distance from the intersection (actually, light intensity) is reached, the EVP sequence is 
initiated. Although the ability of the IR system to detect infrared light up to ½ a mile from the intersection requires precision technology, it 
is not precise enough to track subtle changes in vehicle speed; nor can it determine exact vehicle location.

Unfortunately, there are many factors that can reduce the intensity of the infrared light being received by the intersection  
at a given distance. These factors can include:

In all of the cases above, the light intensity will be reduced or in severe cases completely blocked. As a result, the vehicle must now be 
closer to the intersection before it is deemed to be at the threshold distance to activate EVP. Unfortunately, it is very difficult for the IR 
receiver to know when any of these conditions are present. As a result there is no way for the system to automatically compensate for these 
conditions. When this happens, activation occurs later than required, making it more difficult to achieve the EVP requirements listed above. 

A late activation means that other vehicles do not have time to clear the intersection ahead of the emergency vehicle, pedestrians may 
still be crossing the road when the emergency vehicle reaches the stop bar, or the traffic light may not have had time to cycle to green. 
In these cases, the emergency vehicle will be required to slow down or stop before proceeding through the intersection. This has a direct 
impact on emergency response performance. The necessity to reduce speed or stop at the intersection means:

Advantages of OpticomTM GPS

• Aging infrared light sources (emitters) on the vehicle, particularly older strobe-based emitters

• Dirty or misaligned optical receivers (detectors) at the intersection

•  Obstacles in the line of site between the vehicle and intersection (e.g., signs, buildings, etc.); seasonal obstacles  
(e.g., leaves on trees) can be especially problematic

• Certain climatic conditions, especially heavy fog or smoke

• In very rare cases sunlight, if especially intense and at the right angle, can drown out a detector

• Curves in the road that affect the angle of approach, especially multi-lane roads where this angle may be inconsistent

• A degradation in response time, increasing the risk to those waiting for the first responders

•  An increased propensity of the emergency vehicle to cross against a red, increasing the risk of an accident

• Increased fuel consumption as a result of stopping and starting

• Increased wear on vehicle systems, such as brakes and drive trains
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To address these issues and to keep the system operating at peak performance, routine maintenance of the IR system is critical. 
Historically, the following steps have been taken to mitigate these issues:

All of the above result in recurring costs for the agency maintaining the system, as well as the need to routinely travel to the intersection 
and vehicle to perform maintenance. Without such intervention, the performance of the IR system and hence the emergency response, 
degrades over time. This degradation is especially insidious, as it is slow and results in an ongoing lowering of system performance 
expectations by the system’s users.

•  Increase the EVP activation point (distance from the intersection) to compensate for potential future degradation.  
This will directly impact other vehicular traffic, since the intersection may be ready to receive the emergency vehicle  
well before it arrives.

•  Routine cleaning and realignment of the IR detectors at the intersection. This was historically done every 12 months in 
conjunction with replacing incandescent bulbs in the traffic lights, but with the introduction of long-lasting LED traffic 
lights, much of this routine maintenance has stopped, leaving the IR system to degrade. 

• Replace aging strobe emitters on the vehicles as the light output is decreased.

• Pruning of trees and removing other line-of-site obstacles. 

To illustrate the benefit of GPS versus IR, 
consider Las Vegas Boulevard. With traffic 
congestion, palm trees lining the corridor, 
pedestrian walkways over the street, etc., using 
IR technology presented some challenges, namely 
the urban obstacles found in a metropolitan area. 
Eleven intersections on Las Vegas Boulevard 
were converted from IR to GPS and an analysis 
of a portion of those intersections points to 
the conclusion that GPS technology provides 
improvements in the time it takes to get through 
the intersections; approximately 32%.

Response time on Las Vegas Boulevard decreased by 32%. 
With IR they got through the intersections in 34 seconds and with GPS it takes 23 
seconds, on average. 
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Opticom™ GPS Overcomes IR Limitations

Unlike IR systems, the Opticom GPS system utilizes satellite-derived GPS coordinates to determine precisely where the emergency vehicle 
is located relative to the intersection. This is combined with a bi-directional purpose-built radio that communicates between the vehicle 
and the intersection. This bi-directional radio allows the vehicle to “handshake” constantly with the intersection to ensure EVP is only 
activated precisely when required, even during transient conditions such as rush hour traffic. Because the radio no longer requires a direct 
line-of-site to the intersection, it is not subject to aging or degradation and it does not need to be cleaned. Therefore, all of the factors 
impacting IR systems mentioned above are eliminated with GPS.

One key contributing factor to the improved performance of the Opticom GPS system compared to an IR system, is the use of estimated 
time of arrival (ETA). The Opticom GPS system transmits its exact location to the intersection once per second. Rather than simply using 
the estimated location of the vehicle (based on light intensity) to activate EVP (as is necessary in an IR system), the Opticom GPS system 
is capable of activating EVP based on the estimated time the vehicle will arrive at the intersection (taking into account location and speed 
variations). This ensures that activation is performed early enough to clear both traffic ahead and the pedestrian crossing, while not leaving 
cross-traffic waiting any longer than necessary. ETA is especially important when vehicles traveling at different speeds will utilize the 
system (e.g., an ambulance versus a fully loaded pumper truck) to avoid faster vehicles outrunning the system.

As a result, with an Opticom GPS system:

Operating costs are also reduced, because routine maintenance (e.g., cleaning detectors, replacing emitters) is eliminated and wear and 
tear on the vehicles is reduced due to fewer stops.

• Response times are improved, due to more predictable and timely activation

• There is less likelihood of having to cross against a red light

• Other vehicle traffic is impacted less, due to EVP’s activation times being minimized

“ We piloted Opticom™ GPS for several months 

before committing to a conversion from Opticom 

IR. In the end, we found that the GPS system was 

much more suited to working around the many 

obstructions on Las Vegas Boulevard.”

                  –  Erik Newman, Senior Deputy Fire Chief,  
Clark County Fire Department
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In addition to eliminating the key limitations of an IR EVP  
system, Opticom GPS provides many additional capabilities, 
including: 

Turn signal dependent mode

When the driver of the emergency vehicle activates the left 
turn signal, this can be used to activate the left turn arrow at 
the upcoming intersection (only if the vehicle is turning left), 
minimizing the impact on traffic flow and allowing the emergency 
vehicle to proceed left unimpeded. Optionally, the system can be 
configured to always activate the left turn arrow.

Preemption around corners

Similar to the turn signal dependent mode, when the driver 
activates the turn signal, the system can be setup to automatically 
relay the preemption request to the next intersection around the 
corner. This is especially useful when an emergency vehicle is 
turning onto a short block.

Call bridging

Call bridging will hold an intersection in preemption mode when 
a second emergency vehicle requesting priority is following 
behind the first. This is useful when vehicles are exiting a fire hall 
in a staggered fashion. While available in IR, operation is more 
extensive and predictable in the Opticom GPS system because of 
the improved location accuracy.

Ease of maintenance

Both the intersection and vehicle components of the Opticom  
GPS system can be networked to provide remote access.  
This allows most firmware updates and provisioning changes  
to be made from the desktop, greatly reducing the number of 
truck rolls required to maintain the system.

Improved measures of performance

Because vehicle speeds entering and exiting the intersection 
are captured in the logs of the Opticom GPS system whenever a 
vehicle is requesting EVP (whether it gets it or not), this data can 
be collected and analyzed by the Opticom Central Management 
Software. This data is then used to more precisely measure the 
effectiveness of EVP at any given intersection and then fine-tune 
system configuration parameters, such as approach zones and 
ETA activation points, to improve through-speed, ensuring the 
system is operating at peak effectiveness and that response  
times are minimized.

Evacuation mode

The Opticom GPS system allows low priority vehicles to be 
converted to high priority vehicles, either on-demand or at a 
predefined time on a predefined route. This is useful when city 
buses equipped with low priority transit signal priority need to  
be commandeered to move a large quantity of people quickly,  
in response to a major event or incident. 

Non-Opticom GPS-specific EVP enhancements

In addition to enhancements specific to Opticom GPS, the newer 
Opticom Phase selectors used in both Opticom IR and Opticom 
GPS applications contain several additional enhancements:

•  Increased log capacity – 10,000 logs, versus 1,000 in the 
older phase selectors

•  Time plans – allows any preemption configuration parameter  
to be changed automatically, as a function of time of day or  
day of week. This is useful when automatically modifying 
activation points and hold times for especially heavy periods  
of traffic each day

•  Relative priority – provides the ability to prioritize (user 
programmable) competing EVP or TSP requests based on the 
type of vehicle requesting it. For example, if a pumper truck 
and an ambulance are both approaching the intersection in 
conflicting directions, the system can be provisioned to give  
the pumper truck EVP over the ambulance.

Additional Benefits of Opticom™ GPS
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For more information, visit 

www.gtt.com

Global Traffic Technologies, LLC

7800 Third Street North 

St. Paul, Minnesota 55128-5441

1-800-258-4610

651-789-7333

www.gtt.com

In summary, the Opticom™ GPS system offers numerous advantages over IR-based EVP systems, 
resulting in improved performance and reduced operating costs. This benefit is amplified by 
providing not only by the increased capabilities of the Opticom GPS system, but by restoring the 
key EVP performance lost when the IR system is aging or has not been actively maintained. 

Summary
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