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Figure 1.  LiDAR-Based Scanning System for Grade 
Crossing Assessment Installed on FRA’s DOTX 218  
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Figure 2.  System Diagram of ARROWS as Installed on 
FRA’s R-4 Hi-Rail Research Platform 

 

Figure 3.  LiDAR Sensors and IMU Mounted to the Rear of 
DOTX 218  
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scheme known as Lightweight Communications 
and Marshalling (LCM), which is used in robotic 
applications and satisfied the requirements for 
the needed number of data channels and high 
capture rates. 

A typical three-dimensional contour map of a 
crossing rendered from an urban area is 
illustrated in Figure 4.  The colors on the 
contours produced by the LiDAR surveying 
system in the vicinity of the crossings indicate 
near-grade elevation changes and measure the 
reflectivity of objects and road markings.   

 
Figure 4.  Three-Dimensional Map of Urban Grade 
Crossing Captured with LiDAR-Based System 

When the system scans a grade crossing, the 
following information is generated:  

• A three-dimensional map of the crossing 

• A scalar parameter (e.g. “planar deviation”) 
that represents the profile of the crossing 

• The roadway/track crossing angle 

• The name of the railroad and the appropriate 
subdivision 

• The crossing location as described by GPS 
coordinates and milepost information 

• Track class 

• Track number 

A feature that identifies the presence of gates 
and whether the gates are working at the time of 
train passage is being integrated into the 
system. 

As this technology is being developed, survey 
data is being transferred to a server hosted by 
the University of Michigan.  Users can search 
for grade crossings of interest based on GPS 
location, planar deviation, the measure of 
crossing evaluation, or survey identification 
number.  The user interface for the database is 
shown in Figure 5.  Users can open a three-
dimensional map similar to the one shown in 
Figure 4 for viewing or download it from the 
database interface.  Grade crossings can also 
be viewed through satellite imagery available 
from Google services. As data is being collected 
during ongoing FRA surveys, it is being 
uploaded to a storage server for use by FRA or 
any FRA-designated party.  FRA is in the 
process of migrating data storage from this 
temporary development server to a system that 
will be integrated with other FRA data 
management systems. 

 
Figure 5.  Grade Crossing Database Interface 

RESULTS 

After the system was installed in March 2013, 
FRA has evaluated the performance of the 
system while conducting several surveys as part 
of ongoing RD&T tests.  More than one 
thousand grade crossings have been scanned 
during initial testing.  Data collected from these 
crossings have been used to improve feature 
detection algorithms to enhance automated 
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