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Executive Summary 

As train frequencies and traffic volumes increase, the need for safer highway-rail grade crossings 

is paramount. Closing or grade separating crossings may not be practical or even possible for all 

situations; therefore four quadrant gates, amongst other possible treatments to prohibit gate running 

violations, may be used to provide a higher level of safety than conventional crossing treatments. 

At crossings between two adjacent signalized intersections, preemption, and signage may prevent 

vehicles from queuing within the crossing itself, but some risk of vehicles becoming trapped by the 

timed exit gate descents might still remain. Sensors, either inductive loops or radar (among other 

potential detection technologies), can be installed to detect vehicles and would extend exit gate 

closure until the crossing is clear and conversely allow for either simultaneous or near simultaneous 

entry and exit gate descents if no vehicles are present. Radar detection can cover the whole crossing 

surface area between the gate arms and is mounted above the destructive forces transferred 

through the pavement from trains and vehicles, resulting in a longer life cycle and lower installation 

and maintenance cost than inductive loops. Worker safety benefits may also accrue compared to 

the time and equipment needed to install and repair loop infrastructure. 

Through two grants awarded by the Federal Highway Administration, the North Carolina Department 

of Transportation's Rail Division sponsored an evaluation of a dual matrix radar system to determine 

its reliability, functionality, and robustness for potential use with dynamic exit gate operations at 

four-quadrant gated, highway-rail crossings. The radar system was evaluated to determine its 

detection accuracy for consideration of use in detecting vehicles traversing a crossing so as to 

delay or reverse descent of the exit gate if a vehicle is between the gates upon the approach of 

a train and the activation of the crossing warning system. The system selected for evaluation was 

the Wavetronix SmartSensor® Matrix radar system for which the radar sensor adapted for rail use 

is named SmartSensor-Rail®. The project evaluated the performance of the system and identified 

adaptations to the system necessary for use in a railroad crossing application. In addition, a sample 

of activation data were collected on safety improvements to vehicle operations with dynamic gate 

operations as they relate to motorists' behaviors, especially violating down or descending gates. 

Island Radar Company indicated that they developed a specialized controller that continuously 

evaluates the correspondence between redundant radar sensors to provide a unique operational 

redundancy and full-time cross-checking to the railroad applications. 

For this project. NCDOT acquired and jointly implemented with Norfolk Southern Railway and Island 

Radar dual radar systems with video recording capabilities at seven locations along the H-line 

between Salisbury and Durham, NC; the first three locations were activated in March 2014 and 

the next four locations between February and April 2016. Continuous and event triggered video 

monitoring with recording capability was also installed to evaluate activation timing and vehicle 





Chapter 1: Radar System Description 

INTRODUCTION 

As train speeds and traffic volumes increase, the risk to automobiles at highway-rail grade crossings 
increases due to a smaller window of response, longer stopping distances, and more train momentum. 
The safest solution is either crossing closure or grade separation, but in many cases site constraints or 
cost will not allow these solutions. Instead four quadrant gates can be used as an alternate to deter 
motorists from driving around active entrance gates, effectively sealing a crossing while it is active. 

However, there is a risk of vehicles becoming trapped within the four quadrant gates (particularly 
likely with nearby adjacent intersections). To mitigate this, sensors can be installed to detect vehicles 
within the crossing to delay an exit gate descent allowing the vehicle an opportunity to get out of 
the crossing area prior to train arrival. With sensors, the exit gates can operate independently so that 
only the exit gate descent is delayed when a vehicle is detected. The entry gates would continue to 
function as normal. Currently, inductive loops are traditionally installed within the roadbed by some 
agencies, but non-intrusive technologies like radar detection could offer alternative reliable detection 
along with lower maintenance cost and longer expected life cycles. 

All of the sites in the evaluation are in urban environments with closely spaced intersections on 
both sides, and along the H-Line between Salisbury and Durham, NC, where a majority of the 
State's Amtrak trains operate. This research focused on the performance characteristics of the radar 
system, its interaction with the highway-rail grade crossing warning system, and the influence of site 
characteristics on system performance. For this study, an activation is defined as an event where a 
train is detected by the approach circuit which triggers highway-rail grade crossing warning devices. 
Whereas, a detection is defined as an event where the radar senses a vehicle within a crossing island. 

BACKGROUND 

Although the number of incidents at highway-rail grade crossings in North Carolina has decreased 
steadily throughout the last decade, in 2012 the 45 incidents that did occur resulted in 39 injuries 
and 2 fatalities (1). As North Carolina continues investing in the Southeast Corridor along with other 
states to provide higher speed rail service to the region, train speeds and frequencies will continue 
to increase, further increasing the need to implement innovative and technologically sophisticated 
safety improvements to mitigate and eliminate crash exposure potential between vehicles and trains. 
Since 1995, North Carolina's "Sealed Corridor" program has focused on highway-rail grade crossing 
consolidations, closures, grade separations, and improvements to traffic control warning devices at 
numerous crossings along the H-line between Charlotte and Raleigh, NC ( 2). The program included 
the installation of 4-quadrant, gated crossings with pre-timed exit gate operations where applicable 
to provide a "sealed corridor" type treatment. North Carolina's experience with four-quadrant gated 
crossings has determined that they are a safe, effective, and fiscally responsible treatment for 
improving safety where grade separations, closures, or other treatments such as median separators, 
may not be practical. 

Four-quadrant gates are an active warning system that blocks all vehicular lanes in either direction 
to prevent drivers from weaving around the entry gates. The American Railway Engineering and 
Maintenance-of-Way Association's (AREMA) Communications and Signals Manual describes the 
operating characteristics of a four-quadrant gate and specifically the exit gate operating modes 
(EGOM) (3). 
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