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Executive Summary

Building on the success of Phase I, Phase II of the Railroad Information Sharing Environment
(RISE) established collaborative relationships between the Federal Railroad Administration
(FRA), Volpe, railroad safety stakeholders, and the third-party data steward, the University of
Maryland — Center for Advanced Transportation Technology Laboratory (CATT Lab). This
project, conducted between September 2021 and February 2025, developed issue analysis teams
(IATs) around pressing railroad safety topics identified by FRA, Volpe, and railroad
stakeholders, including railroad operators and railroad safety special interest groups. In this
phase of the project, two IATs were established around the topics of rail property trespassing and
vertical profiles of highway-rail grade crossings. Each IAT included representatives from FRA,
Volpe, and railroad stakeholders, including railroad operators and railroad safety special interest
groups.

The Vertical Profiles of Highway-Rail Grade Crossings IAT identified the need for data and
analytical tools to determine potentially high-risk grade crossings for commercial vehicles.
Specifically, the IAT expressed interest in discovering grade crossings with the risk of
commercial vehicles making contact with the roadway surface, causing the vehicle to become
stuck or “hung-up”, thus increasing exposure to a train-to-road vehicle collision. To address this
critical safety need, the team used open-sourced United States Geological Survey (USGS) data to
estimate vertical profiles at every grade crossing in the US. The team also analyzed commercial
motor vehicles traversing target grade crossings. This analysis provided insights into which type
of design vehicles may make contact with the grade crossing infrastructure.

Next, this project developed a secure online non-injury railroad property trespassing data
collection form and database to support the FRA Railroad Trespassing Enforcement Grant
Program. All grantees used this form to enter and submit trespassing observations to FRA. As of
February 12, 2025, grantees submitted 3,993 trespassing events that include observations on
4,975 individuals. This database provided FRA and grantees valuable information on trespassing
hot spots and characteristics of individuals engaging in trespassing activities.



1. Introduction

Phase II of the Railroad Information Sharing Environment (RISE) project continued to foster
collaborative relationships across the railroad safety industry. Upon gathering information on the
critical safety challenges from the railroad stakeholders, two issue analysis teams (IATs) were
established. While the Railroad Trespassing IAT was paused due to a lack of data sharing, the
team established a framework for collaboratively identifying challenges around trespassing data
collection and sharing. The Highway-Rail Grade Crossings IAT developed a user-friendly
dashboard to identify and investigate the vertical profile of any highway-rail grade crossing (GX)
in the US based on elevation data from the United States Geological Survey (USGS). These
estimates were fused with GX information from the FRA Grade Crossing Inventory to give users
deeper insights into GX environments. The GX dashboard was supplemented with the
development of a commercial motor vehicle simulation tool. This tool allows users to select a
design vehicle, alter its parameters as needed, and simulate the vehicle traversing a target grade
crossing profile.

This project also developed a secure online non-injury trespassing data collection form for the
FRA Railroad Trespassing Enforcement Grant Program. This form enables grantees to efficiently
document trespassing enforcement activities. These submissions are used to populate a database
to support FRA trespassing safety analysts.

1.1 Background

Building on the success of Phase I, Phase II of the RISE project re-engaged railroad safety
stakeholders to identify and address critical railroad safety issues. Upon identifying the topics of
trespassing and vertical GX profiles, the RISE team worked with stakeholders to document the
needs and challenges that stakeholders face in addressing safety concerns about these topics.

A separate task was to develop, operate, and maintain a secure online non-injury rail property
trespassing form and database. This form was developed under the guidance of several previous
grantees.

The outcome of the discussions with stakeholders on each of these topics defined the objectives,
approach, and scope as described in the following sections.
1.2 Objectives

The objectives of the research were to work with railroad safety stakeholders to identify critical
safety challenges and strategies to address these challenges. Based on the discussions with
stakeholders, the following objectives were identified:

1. Assess the state of practice in non-injury railroad property trespassing data collection and
analysis.

2. Develop a product to enable the secure and efficient collection of non-injury railroad
property trespassing data collection.

3. Develop a national database of vertical profiles of every GX in the US.
4. Develop tools to identify potentially high-risk GX.
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1.3 Overall Approach

To meet the project objectives, the team participated in several stakeholder outreach activities,
including in-person and virtual meetings with each IAT and one-on-one meetings with individual
stakeholders. These meetings were used to define a research plan that addressed stakeholders'
needs around the topics of trespassing and vertical profiles of highway-rail grade crossings.

Though the Railroad Trespassing IAT was ultimately paused, the team used stakeholder insights
to develop a secure online non-injury railroad property trespassing data collection form and
associated database. Developed under the guidance of previous trespassing enforcement
grantees, this form is being used by all of FRA’s Railroad Trespassing Enforcement Grant
Program grantees and is available for any interested railroad agency to use.

The Vertical Profiles of Highway-Rail Grade Crossings IAT identified the lack of data and tools
to support grade crossing risk assessment. The team discovered that vertical profile data is often
collected by state or local highway departments and is not frequently shared with outside entities.
To overcome this challenge, the team explored national-level elevation data sources and
ultimately leveraged the United States Geological Survey (USGS) database. The North American
Rail Network (NARN) was conflated with the OpenStreetMap (OSM) road network to establish
an updated grade crossing location inventory to overcome inaccurate grade crossing locations in
the FRA Grade Crossing Inventory. The locations of these grade crossings and the road
geometry were then used to estimate the change in road elevation at locations 30 feet away from
each end rail, as defined in the American Association of State Highway and Transportation
Officials (AASHTO) guidance on planar deviation. These elevation changes were fused with the
FRA Grade Crossing Inventory to create a national database of grade crossing elevation profiles
with associated data on each grade crossing environment. This data was then used to create a
Tableau dashboard that allows users to explore the database with an intuitive interface and data
visualizations.

Recognizing that the vertical profile is not the only component in grade crossing risk assessment,
a commercial motor vehicle simulation model was also developed. This simulation tool
leveraged design vehicles from a study conducted by West Virginia University (WVU). The tool
allows users to select the vertical profile for the USGS-based method and various design
vehicles. Users can then simulate the design vehicle traversing the target grade crossing to
determine if the vehicle safely crosses the grade crossing or if the design vehicle makes contact
with the grade crossing surface.

1.4 Scope

This research leveraged stakeholder engagement to identify critical railroad safety challenges
and products to address those challenges. To do so, the team developed products to address
stakeholder challenges in collecting and analyzing data around the topics of non-injury railroad
property trespassing and vertical profiles of highway-rail grade crossings. The non-injury
railroad property trespassing database only includes submissions from FRA’s Railroad
Trespassing Enforcement Grant Program grantees. The data leveraged by the vertical profiles of
the highway-rail grade crossings dashboard is based on information derived from the USGS,
NARN, OSM road network, and the FRA Grade Crossing Inventory.
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1.5 Organization of the Report

The remainder of this report is organized as follows. The next section describes the data used to
analyze vertical profiles at grade crossings. Section 3 presents the details of the methods used in
the analysis. Section 4 presents the results of the analysis, and the products developed for the
Vertical Profiles of Highway-Rail Grade Crossings IAT. Section 5 describes the effort to develop
a secure online non-injury rail property trespassing data collection form and database. The final
section of the report presents the conclusions of this research.



2. Data

The first step in developing the dashboard was to identify and evaluate data sources that provide
insights into the safety risks of high vertical profile GXs.Additional data sources beyond the GX
Inventory were used to evaluate the accuracy of GX locations. The team also developed a
method to discover “ground truth” data to validate the accuracy of planar deviation estimates
derived from USGS elevation data. As described in the following subsections, the development
of the planar deviation dashboard leveraged data from diverse sources, including the FRA Grade
Crossing Inventory, GX Incident Data, North American Rail Network (NARN), United States
Geological Survey (USGS), OpenStreetMap (OSM), and the Illinois Height Modernization
(ILHMP) LiDAR dataset. The following subsections describe each dataset and how each was
integrated into the dashboard.

2.1 Highway-Rail Crossing Inventory Data

FRA Grade Crossing Inventory data are a comprehensive database maintained by FRA. It
includes detailed information about each highway-rail crossing in the United States, reported by
each state's Department of Transportation and railroads. The data is reported using Form 71 and
encompasses various aspects such as location, classification, railroad details (e.g., train speed
and volume), highway characteristics (e.g., annual average daily traffic, number of lanes, posted
speed limits), and traffic control information. Both States and railroads contribute to this
inventory to ensure it contains information on every grade crossing in the country. Railroads are
required to update their information in the inventory every three years, or sooner—as in specific
circumstances such as the installation of new warning devices or the closure of a grade crossing
[1]. This systematic data collection helps maintain up-to-date records and enhances safety at
railroad crossings. As of June 1, 2024, the database includes information on 242,621 active
highway-rail crossings across the US, each identified by a unique crossing ID and featuring 255
distinct attributes. Table 1 illustrates the percentage distribution of key attributes within the
dataset.

Table 1. Percentage distribution of key attributes within the Highway-Rail Crossings
Inventory Dataset

Attribute Categories Percentage of records
Public 67%
Ownership Private 32.8%
NA 0.2%
At Grade 84%
Crossing position RR Over 7%
RR Under 9%
Commercial 14%
Farm 19%
Industrial 17%
Development Institutional 1%
Open Space 24.3%
Recreational 1%
Residential 20%
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Attribute Categories Percentage of records
RR Yard 0.7%
NA 3%
Rural 34%
Road at crossing Urban 24%
NA 42%
Yes 9%
Presence of low ground No 36%
clearance sign
NA 35%

2.2 Highway-Rail Crossing Accident Data

The Highway-Rail Grade Crossing Accident database is a comprehensive repository containing
information on collisions between railroad on-track equipment and highway users at public and
private crossing sites. All grade crossing collisions, regardless of severity or monetary damage,
are reported using Form 57, ensuring a standardized data collection method. Railroads are
required to submit immediate reports for fatal crashes and accident reports within 30 days of the
accident [1]. The database includes information on crossing conditions, the type of highway
vehicle involved, train speed at collision, environmental factors like time of day and weather
conditions, demographic details of the driver involved, and so on. FRA’s Office of Railroad
Safety maintains this database as a national resource to improve safety at railroad crossings. The
database contains records from 1975 to 2024, documenting 246,129 incidents as of June 1, 2024.
The data reveals that 176,507 incidents involved vehicles moving over the crossing, 42,126
incidents due to vehicles stopping on the crossing, and 25,689 incidents due to vehicles
becoming stalled or stuck on the crossing. Texas reported the highest number of incidents among
states, followed by Illinois and Ohio.

2.3 United States Geological Survey

The primary dataset leveraged to determine planar deviations was the United States Geological
Survey (USGS) Elevation [2]. The USGS Elevation dataset is available as a set of downloadable
files as well as through the API — Elevation Point Query Service (EPQS). The EPQS returns
elevations that are interpolated from the 3DEP dynamic elevation service. This web coverage
service (WCS) includes multiple resolutions of digital elevation models (DEMs), including 1-
meter resolution LiDAR-based DEMs where available and 1/3 arc-second seamless DEMs.
According to the USGS website [3], the accuracy of the elevations returned by EPQS varies
based on the source data for each location. The overall accuracy of the elevation service
currently has an RMSE (root mean square error) of 0.53 meters. Moreover, it was discovered that
the data available through the EPQS differs from the downloadable data, and based on our tests,
the EPQS-based data are more accurate.

2.4 OpenStreetMap

OpenStreetMap (OSM) is an initiative to create and provide free, editable world maps using a
crowdsourced approach. The quality and completeness of OSM data vary in different areas, but
the studies that analyze their accuracy generally say the number of absolute and relative errors is
falling [4]. OSM street data was leveraged to determine the exact location of grade crossings.



This dataset was chosen due to its completeness, which—in our experience—exceeds other
publicly available sources.

2.5 lllinois Height Modernization LiDAR

The Illinois Height Modernization (ILHMP) LiDAR dataset [5] was used to validate the
accuracy of the planar deviations we determined. ILHMP data have been acquired using LiDAR
and are based on a contour resolution of 2 feet to 6 inches. The dataset covers almost the entire
state of Illinois and is publicly available. This data is also relatively new—the oldest data dates
back to 2004, and for over 61% of counties, the data were collected between 2014 and 2022. Due
to the high accuracy of this dataset, it was considered ground truth and used to verify the
accuracy of the planar deviation determining process.

2.6 West Virginia Commercial Vehicle Designs

Specifications for design vehicles were borrowed from Clawson [6]. This work provides the
worst-case clearance profiles for four classes of vehicles: single-unit trucks with no hitch, buses,
hitched trucks, and recreational vehicles. The design vehicles are split into each class as follows:

Single Unit Trucks:
e Single Unit Beverage Truck

e Articulated Beverage Truck
e Rear-Load Garbage Truck
e Acrial Fire Truck

e Pumper Fire Truck

e Mini-bus

e School Bus

¢ Single Unit Transit Bus
e Articulated Transit Bus

e Motorcoach

e Low-Boy Trailers

e Double-Drop Trailer
e Car Carrier Trailer

e Belly Dump Trailer

Recreation Vehicles:
e Passenger Vehicle and Trailer — Private Use

e Passenger Vehicle and Trailer — Commercial Use

e Recreational Vehicle



Clearance profiles for all vehicle classes are specified by the length of each portion of the
vehicle's undercarriage and the minimum clearance of that portion. For example, vehicles
without a hitch or other articulation will have measurements for the length and clearance of the
front overhang, wheelbase, and rear overhang. Vehicles with a hitch have measurements
specified solely for the trailer component of the vehicle. An example design vehicle is shown in
Figure 1.
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38.0 ft [11.59 m] |

Figure 1: Worst case clearance for a Low Boy Trailer [6]



3. Methodology

3.1 Conflation Process

To accurately calculate planar deviation at grade crossings (GX), it is essential to pinpoint the
exact locations of both the crossings and the geometry of the crossing highways. This study used
OpenStreetMap (OSM) for the highway network and the North American Rail Network (NARN)
for the rail network. The initial step involved overlaying these two maps to identify intersections
between highways and railroads. Once intersections were identified, the next task was to match
these locations with corresponding crossing IDs from FRA’s Grade Crossing Inventory . To
achieve this, a search radius of 100 meters was implemented around each identified intersection
point. Within this radius, the closest GX from the FRA inventory was selected as the matching
crossing. The selection of a 100-meter search radius was determined through manual verification
of GX locations provided by the FRA inventory against observations from Google satellite view.
This process ensured that most observed GX locations were within this distance. Moreover,
extending the search radius beyond 100 meters increases the risk of incorrectly matching
crossings IDs. Figure 2 presents an example of rail-highway conflation.

FRA Inventory Grade-Crossing
OSM Grade- Crossing

100 m search area

—— NARN

RN

189405 Uiy

N
2

Figure 2: Rail-Highway conflation example

Validating the quality of the conflation process was done manually. First, it was assumed that if
the distance between the FRA inventory and the conflation-based location is less than or equal to
10 meters, the conflation process provided a more accurate location. This assumption was based
on the relatively high quality of the OSM dataset, especially if it is compared to the unclear way
the original location data was collected. Secondly, for the locations with distances greater than
10 meters, we selected the subset of 243 locations with greater distances. Then, this subset was
analyzed manually, comparing the original and conflation-based locations with OSM and NARN
maps and Google satellite imagery and determining whether and why the conflation process was
inaccurate. The following error categories were considered:

e No error: the conflation process returned the correct location; the original location was
accurate.



e Missing OSM: the error was caused by a missing OSM segment.
e NARN data problems: the error was caused by missing or inaccurate NARN data.

e Other / cannot determine: All other errors, including these where we cannot determine the
source of the error.

3.2 Planar Deviation Calculation

Given the geocoordinates of the GX locations, the USGS dataset was leveraged to determine the
elevations at and around the GX. Specifically, the elevations of five locations were determined:
in addition to querying the elevation of the GX, we also queried the elevations of the locations on
the road, 15ft and 30ft away from the intersection in both directions. The 30ft distance was used
to be consistent with the planar deviation definition. In contrast, the 15ft distance helped capture
cases where the slope was steeper in the immediate vicinity of the GX. This logic was confirmed
by initial tests, in which we discovered that using both 15ft and 30ft away locations increased the
accuracy compared to the case when only the 30ft away points were used. Given these
elevations, the planar deviation was determined for each direction separately, as shown in
Equation 1:

(1

|elevationpoint—elevationmidpoint |)

Planar deviation = max( -
distance

The slope types (ascending/descending) for the maximum elevations were also determined.

The ILHMP LiDAR dataset was used to validate the quality of planar deviation estimations. For
all the GXs in Illinois, this dataset was used to determine the elevations and, as a result, the
ground truth planar deviations. Then, the ground truth planar deviations were compared with
corresponding USGS Elevation dataset-based results. Finally, four planar deviation thresholds of
3,6,9, and 12 inches were defined, which may be meaningful for practitioners. For each
threshold separately, the task was redefined as a classification task, e.g., “determine whether a
planar deviation is greater than 6 inches.” Then, the ground truth ILHMP LiDAR-based data was
leveraged to analyze the performance of this classification. For the performance analysis, three
metrics were used: accuracy, precision, and recall.

3.3 Physics Modeling

The commercial motor vehicle simulation tool models both the vehicle and the vertical profile of
the crossing as simple rigid bodies using the Python Pymunk library. Pymunk is a 2D physics
library used to simulate rigid body physics. It is built on Chipmunk2D, a 2D rigid physics library
written in C.

In the model, the vertical profile of the crossing is abstracted to a set of joined line segments. The
vehicle is similar, but the abstraction includes circles to model the wheels.

3.3.1 Vertical Profile Model

The vertical profile of a GX was modeled as a set of five segments: approach, entry slope,
crossing, exit slope, and departure. The middle three segments modeling the vertical profile
(entry slope, crossing, exit slope) correspond to the model underlying AASHTQO's Vertical
Alignment Design Criteria for Railroad-Highway Grade Crossings. These three segments are
parametrized by three values:
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e Approach planar deviation (D1): the difference in elevation between the crossing and
the approach segments.

o Departure planar deviation (D2): the difference in elevation between the departure and
crossing segments.

e Crossing Length (CL): the length from the first rail in the crossing to the end of the last
rail. This length is the length of the crossing segment minus 4 feet. The 4-foot added
length comes from the AASHTO model.

For both D1 and D2, a positive number indicates a positive slope from the vehicle's perspective.
The canonical crossing would have a positive D1 and a negative D2 (up to the tracks; down the
other side).

3.3.2 Vehicle Models

Vehicles are modeled as a set of at least two circles (representing a front and back set of wheels)
and several segments. The exact number of segments and circles depends on the vehicle
configuration. These shapes are also split between multiple vehicle components: a cab and (when
relevant) a trailer. The connection between the components is modeled with a simple pin joint—
the cab and trailer can only rotate with respect to the other along a singular axis. Please note that
no other joints are modeled—>both the cab and trailer models are perfectly rigid. Again, this
model does not attempt to model suspensions as this could vary wildly between vehicle models
and conditions.

All of the base cab models have the following pattern: a front overhang segment, followed by a
wheel/axle, followed by a wheelbase segment, followed by 1-2 wheel/axles, followed by a rear
overhang segment. These shapes are parameterized as follows:

¢ Front overhang length: The distance between the front bumper and the front axle.

¢  Wheelbase length: The distance between the front axle and the (first, if applicable) rear
axle.

e Rear overhang length: The distance between the (second, if applicable) rear axle and
the rear bumper.

e Front overhang clearance: The minimum clearance of the front overhang.
e  Wheelbase clearance: The minimum clearance of the wheelbase.

e Rear overhang clearance: The minimum clearance of the rear overhang.

e  Wheel diameter: The diameter of the wheels.

e Wheel spacing: The distance between the rear axles.

The base trailers have a similar pattern: a trailer overhang segment, followed by a "wheelbase"
segment, followed by 1-3 wheel/axles, followed by a rear overhang segment. These segments are
parameterized similarly to their base cab counterparts. The parameterization is as follows:

e Trailer overhang length: The length of the segment overhanging the cab.
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Wheelbase length: the distance between the first rear axle and the trailer overhang
segment.

Rear overhang length: The distance between the (second or third, if applicable) rear
axle and the rear bumper.

Trailer overhang clearance: The height of the trailer overhang above the ground.
Wheelbase clearance: The minimum clearance of the wheelbase.

Rear overhang clearance: The minimum clearance of the rear overhang.

Wheel diameter: The diameter of the wheels.

Wheel spacing: The distance between the rear axles.
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4. Results and Final Products

4.1

As part of this research, a dashboard was developed to identify high vertical profile GX in the
U.S. where approach grade profiles might pose safety issues. It includes a detailed data
visualization interface featuring filters, interactive maps, and tables. Figure 3 shows a screenshot
of the planar deviation dashboard.

Planar Deviation Dashboard

Planar Deviation Dashboard

Filters
State Crossing position Crossing ID
Kentucky ~ (2 AtGrade (an) -
Grade-Separated
Railroad Road atcrossing  Low ground clearance  Train Service: Freight  AADT (bins)  Trains per day Max planar deviation (bins) Incident sccurrence Incident year range
(any M) -y v M) M) ) M) - 0 10 (A - (A ~ 1978 2024 Reset filters
@ L a (Except State)

Visualization controls

Map showing locations of grade crossings

Map color parameter

Confidence score -

Color legend:

Confidence score

Percentages of grade crossings by maximum planar deviation range

State

*Selecting a State from this table will display its grade crossings in the table below.

Max planar deviation (bins)

0" to<6" 6" to <12 12" to <24"

State Total count (Green) (Yellow) (Orange) 24" (Red) NA
Wi Kentucky 4,220 67.0% 4.5% 0.8% 0.2% 27.5%|
2
K]
M NA
Grade crossings in selected State: 4,220

* Anew table containing information on incidents will appear upon selecting a Crossing ID from this table.

Crossing 1D Incidents = 11C9ents Max planar Otherplanar  Confidence .~
(stalled/Stuck) deviation (in} deviation (in)  score
Selected grade crossing on Google Maps
850979M 26 1 0.98 013 3 Morfolk South ]
e ORTE 850984) 23 3 0.26 0.13 3 Morfolk South
Map Satellite ¢ MONTAN DAKOTA ) w 8509985 22 [ 118 0.54 3 Norfolk South
Ctiawal Montcel [\] 3439320 21 0 0.52 0.44 3 CSX Transport
- G g o . C 344255X 19 1 118 0.07 3 CSX Transport
DAHD) A TonING = = NEW YORK | 3442455 19 4 171 0.22 3 CSX Transpori
wesraska | 1OW? £ MAOBaREn @ 296788A 18 0 0.26 019 3 Paducah & Lot
. INOIE L omo 3 FESN T L 841710) 17 3 3.02 0.98 3 Norfalk South
MEAPR L uraw Ninited States iR ashegtol 226854U 17 3 195 0.66 3 CsX Transport
San Francisco COLORADG | KANSAS  missouR VIRGINIA
B P AT 851002M 16 1 1.57 0.72 3 Norfolk South
CALIFORNIA™ o) a5 vegas A TGEES + 3468285 16 o 0.22 015 3 R. J. Corman F
Los Angeles ., 70,0 SAROLNS 345951F 16 [ 148 0.26 3 CSXTransport
San Diego Hgw MpxICO Dallas CRROLIA — 841814R 15 4 171 112 3 Norfolk South
“""\—-\_,_\ - A 3468301 15 1 0.60 0.39 3 R.J. Corman
@“"Aﬁb \  OUISIANA, Keyboard shortculs: | Map dats ©2024 Google, INEGI | Terms:

Figure 3: Planar deviation dashboard

4.1.1 Interface Design and Functionality

Filters

Users can apply various filters to customize the dashboard according to specific criteria. Once
applied, the dashboard automatically updates all the calculations and displays to show the filtered
results. A reset button allows users to clear all selected filters, enhancing flexibility. Table 2
provides definitions and example field values for the variables used in filtering.

Table 2. Variables used in the dashboard for filtering

Variable

Definition

Field values

State

located

Name of the state where the crossing is

50 states and the District of
Columbia
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Variable

Definition

Field values

Crossing position

Indicates whether a crossing is at grade or if
the railroad passes under or over the
roadway or pathway.

At grade, Grade-Separated

Crossing ID

Unique ID to locate each crossing

850979M, 344255X, 735682T
etc.

Confidence score

Level of confidence on the calculated planar
deviation where 3 corresponds to the highest
and 1 to the lowest confidence

1,2,3,NA

Ownership Indicates whether a crossing is public or Public, Private
private
Railroad Name of the parent railroad Alameda Belt Line, Alan
Wood Steel, etc.
Development Predominant type of land development in the | Commercial, Industrial,

vicinity of the crossing

Residential, etc.

Road at crossing

Rural or urban classification of the road at
the crossing

Rural, Urban, NA

Low ground clearance

Presence of low ground clearance signs

Yes, No

Train service: Freight

Use of the crossing by freight

Yes, No

AADT (bins)

Estimated AADT through the crossing (total
in both directions) categorized into bins

0 to <500, 500 to <1000, 1000
to <1500, 1500 to < 5000,
5000 to <10000, >= 10000

Trains per day

Total number of trains that operate through
the crossing per day during normal railroad
operating periods

0 to 856

Max planar deviation

(bins)

Maximum planar deviations calculated using
the USGS dataset categorized into bins

0” to <6”, 6” to <127, 12” to
<24”’ >= 24”

Incident occurrence

Indicates whether an incident between on-
track railroad equipment and a highway user
occurred at a crossing.

Yes, No

Incident year range

Year of the incident

1975 to 2024
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Interactive Maps

The dashboard includes two interactive maps. The first map, as shown in Figure 4, displays GX
nationwide using color-coded markers based on selected parameters, such as confidence score,
maximum planar deviation (categorized into bins), development type, AADT (categorized into
bins), and estimated truck AADT (categorized into bins). Users can choose a specific parameter
to color-code the markers on the map according to that parameter.

Planar Deviation Dashboard

Filters
State Crossing position
[Missou | @ AtGrade

Grade-Separated

i

Confidence score

(an

Railroad

(any

Road at crossing Low ground clearance  Train Service: Freight  AADT (bins)

Map showing locations of grade crossings in the selected state

Crossing ID

(@i

O

Trains per day Max planar deviation (bins) ~Incident occurrence Incident year range

Visualization controls |Map showing locations of grade crossings

Map color parameter

Confidence score
Color legend:
Confidence score
B}

2
K}
M A

~ 0 118 (AN . A * 1975 2024 Reset filters
D Q D (Except State)
Percentages of grade crossings by maximum planar deviation range
State e
* Selecting a State from this table will display its grade crossings in the table below.
Max planar deviation (bins)
0"to<6”  6"to<12”  12"to<2d”
State Total count (Green) (Yellow) (Orange) 724" (Red) nA
Missouri 5,360 69.2% 0.3% 0.0% 0.0% 30.4%
Grade crossings in selected State: 5,360

* A new table containing information on incidents will appear upon selecting a Crossing I8 fram this table.

Tooltip

" Incidents Maxplanar _ Otherplanar  Confidence
665695A idents  (cealled/Stuck) deviation (in) © deviation(in)  score allroa
Selected grade crossing on Google Maps o
9 9 9 P NA (in):NA [ 3172 15.93 1 Union Pacific1 [J
oo viation (in! i ifi
e | : o Private ) 25.51 20.52 1 Union Pacific|
Map Satellite MONT AN, i EIN RAILROAD COMPANY [ 18.79 114 1 MISSOURI & N
Industrial 0 13.74 2.37 1 Norfolk South
S0UTH wisc -
JE saKDTA = Fix Toront cesigns: NA o 1163 545 1 BNSF Railway
i WYOMING 23 NA 1 1130 3.72 1 BNSF Railway
icago p )
neamaska § O &2 FRA GX inventory): NA 0 9.80 147 1 Union Pacific |
ited S LLuots oHi0 0 9.12 338 1 BNSF Railway
INDIANA
urAn United States e, ) 831 236 1 BNSF Railway
San Francisco LULUNABO KANSAS MISSOURI. m:‘r[f' A
© e s . 0 8.08 2.76 1 Dakota, Minne
KENTUCKYA " ViRcIN] Ma ed (mph): 10
CALIFORNIA ™ oas Viegas e A __ [] 7.81 0.98 1 Union Pacific |
Los Angeles .0 ARKANSAS - 371092M 0 [ 7.53 184 1 Union Pacific |
€. san Diego HEW MEX|GO! Dallas  Mississiee — 667679X o [ 7.48 118 1 BNSF Railway
b r
S - O s 545515 0 [ 7.35 0.5 1 BNSF Railway
Google: VYRR . oo e o T

Figure 4: Map displaying grade crossing locations in Missouri, color-coded by confidence
score

Another map on the dashboard displays a Google Maps view of the selected GX with the option
to explore street view imagery for further exploration. Users can select a crossing from either the
national map or from the table listing detailed grade crossing data to view the location of the
crossing on Google Maps. Figure 5 and Figure 6, respectively, show the satellite and street views

of a selected grade crossing on Google Maps.
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Planar Deviation Dashboard

Filters
State Crossing position
Missouri ~| @ AtGrade
Grade-Separated
Confidencescore  Ownership  Railroad  Dewelopment Roadatcrossing Low ground clearance Train Service: Freight
(am) B R ) - - + [an -

Visualization controls Map showing locations of grade crossings

Map color parameter

Confidence scare M

Color legend:

Confidence score

Satellite view of the selected grade crossing on Google Maps

AADT (bins)
()

Selected grade crossing on Google Maps

Google

Terms | Report amap ermor

Crossing ID
(A
Trains per day

Max planar deviation (bins) ~Incident occurrence Incident year range

15 15 (am) v (am) v 1975 2024 Reset filters

a D a O (ExceptState)
Percentages of grade crossings by maximum planar deviation range

state v
* Selacting a State from this table will display its grade crossings in the table below.

Max planar deviation (bins)
0" ta<6" 6"to<12"  12"to<24"

State Total count (Green) (Yellow) (Orange)  >=24" (Red) NA
Missouri 5,360 69.2% 0.3% 0.0% 0.0% 30.4%
Grade crossings in selected State: 5,360

* A new table containing information on incidents will appear upon selecting a Crossing ID from this table.

. Incidents Max planar Other planar Confidence .
CrossinglD  Incidents (giaq/Stuck) deviation(in)  deviation (in)  score Railroad
4420580 2 0 512 151 2 Union Pacific Rai

Selected grade crossing incident data

CrossingID  Date Incident no. Railroad_crash

Highway user  Nar
442058D  3/5/1989 1 Union Pacific Railroad Company Auto NA
12/18/1989 Union Pacific Railroad Company Auto NA

Figure 5: Map displaying the satellite view of the selected grade crossing on Google Maps

Planar Deviation Dashboard

Filters
State Crossing position
[issouri ~| @ atGrade
Grade-Separated
Confidence score  Ownership  Railroad  Development Roadatcrossing Low ground clearance Train Service: Freight
(al) M) v @y v M) - M) -

Visualization controls Map showing locations of grade crossings

Map color parameter

Color legend:

Confidence score

Street view of the selected grade crossing on Google Maps

AADT (bins)
(an)

Selected grade crossing on Google Maps

104 N Devasher Rd

Crossing ID
(ay
Trains per day

Max planar deviation (bins) Incident occurrence Incident year range

15 15 (am) . () - 1975 2024 Reset filters

a D a O (Exceptstate)
Percentages of grade crossings by maximum planar deviation range

State -
* Selecting a State from this table will display its grade crossings in the table below.

Max planar deviation (bins)
0" to<6” 67to<i2”  12"to<24” .

State Total count (Green) (ellow) (Orange)  >=2%" (Red) NA
Missouri 5,360 69.2% 0.3% 0.0% 0.0% 30.4%
Grade crossings in selected State: 5,360

* A new table containing information on incidents will appear upon selecting a Crossing 1D from this table.

CrossingIp Incident. Incidents Max planar Otherplanar  Confidence |
rossing ncidents  (talled/Stuck) deviation(in)  deviation(in)  score ailroa
442058D 2 0 5.12 151 2 Union Pacific Rai

Selected grade crossing incident data

Crossing ID__ Date Incident no. Railroad_crash Highway user _ Nari
442058D  3/5/1983 1 Union Pacific Railroad Company Auto NA
12/18/1989 Union Pacific Railroad Company Auto NA

Figure 6: Map displaying the street view of the selected grade crossing on Google Maps
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Tables

On the right side of the dashboard, there are three tables. The first table, as shown in Figure 7,
presents the percentage of crossings within each maximum planar deviation range at either the
state or county level based on user selection via a parameter at the top of the table.

Planar Deviation Dashboard

Filters
State Crossing position Crossing ID
Kentucky - (3) AtGrade (A -
Grade-Separated
Confidence score  Ownership  Railroad  Development Roadat crossing Low ground clearance Train Service: Freight ~ AADT(bins)  Trains per day Max planar deviation (bins) Incident occurrence Incident year range
e y
an < e - [e <] an - [on -] [an <] [ <] [@n g - -
County level percentages of grade crossings by maximum planar )
Visualization controls Map showing locations of grade crossings deviation range
| county v
WMap color parameter
Confidence score - * Selecting a County from this table will display its grade crossings in the table below.
Color legend: Max planar deviation (bins)
Confidence score State i  County Total count 0"to<6” (Green) 6" to<12” (Yellow) 12" to<24” (Orange
1 Kentucky  Anderson 31 58.1% 9.7% (]
2 Ballard 4 50.0%
LK Barren 31 74.2% 3.2%
L LT

Grade crossings in selected County: 4,220

* A new table containing information on incidents will appear upon selecting a Crossing ID from this table.

_ Incidents. Max planar Otherplanar  Confidence

Crossing 1D Incidents = (g 104/Stuck) deviation (in)  deviation (in)  score

Railroad
Selected grade crossing on Google Maps

Solain

850975M 26 1 0.88 0.13 3 Norfolk South '
850984) 23 3 0.26 0.13 Norfolk South

3
NORTH
Map Satellite MONTANA PAKOTA . B 8509985 22 [ 118 0.54 3 Norfolk South
MINNESOTA Ottawa Montreal
o o 3439320 21 [ 052 0.44 3 CSX Transpori
- R W‘SEENS‘N;“CHMN Toronto. v v G 344255% 19 1 118 0.07 3 CSX Transpori
[DAHO YOMING & NEW VORK E 3442455 19 4 171 0.22 3 CSX Transport
icago 1 n

NNNNN ska L loWA & OB 0 296788A 18 ] 0.26 019 3 Paducah & Lot
Hhnots oo ETIEENN TG i 841710) 17 3 3.02 0.98 3 Norfolk South

- f A 3 New York uf o i
o= T, United States MOMNA L washington (NEHISE 2268540 17 3 195 0.66 3 CSX Transport

San Francisco COLORADO KANSAS  missouRi PR

o e A 851002M 16 1 157 072 3 Norfolk South
CALIFORNIA™ o104 Vegas N S s + 3468295 16 ] 0.22 015 3 R.J. Corman k
Uos Angeles ARKANSAS s CLLEMLE 345951F 16 0 148 0.26 3 CSX Transport
, San Diego HEW MEXICO; Dallgs 3 Mississiep! CRROUINA — 841814R 15 4 171 112 3 Norfolk South
SR~ AthRAME 3468301 15 1 0.60 0.39 3 R.J. Corman

~ s Texs seoncia
Google! : o LoUISiANA ey . Wes! | Tem

Figure 7: Table showing county level percentages of grade crossings by maximum planar
deviation range

The second table, as shown in Figure 8, lists the GX in the selected state or county along with
relevant attributes, such as the number of incidents, incidents involving vehicles getting stuck or
stalled on the crossing, maximum planar deviation, confidence score, the presence of low ground
clearance signs, and so on.

When a crossing ID is selected from this table, a third table, as shown in Figure 9 appears with
detailed incident information, including highway user position and incident narratives.
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Filters
State Crossing position
[Kentucky +| @ AtGrade
Grade-Separated
Confidence score ip  Railroad Roadat crossing Low ground clearance Train Service: Freight  AADT (bins)
) . A T T ) -~ A . - (A -

Planar Deviation Dashboard

Crossing 1D
(a)

Trains per day
0 10
G

Max planar deviation (bins)
(al)

.

v 1975

Incident occurrence  Incident year range

2024 Reset filters
) (Except State)

Visualization controls Map showing locations of grade crossings

Map color parameter

Confidence score

Color legend:
Confidence score

_FS
2

K

WA

Selected grade crossing on Google Maps

et

) NORTH
Map Satellite MONTANA OpKOTA . (T
MINNESOTA Ottawa Montreal
. s o
SOUTH. WISCONSIN| T MAINE 35y A
i DAKOTA e craanl Toronto
OREGON o [iCHiGAN fid
wromiNG X NEW VORK
- Chicago 1A GBoston:
neenaska O N cilii 2
iunors o GED b
NevaDA (L United States NDIANA Washington NeWIYOrkiL T
- ®
San|Francisco COLORADO KANSAS  L1350URI IRGIHIA
5
; KENTUCKY A VIRGINIA
CALEORNIA
OLas Vegas GKLAHOMA TENNESSEE 4o NORTH +
Los Angeles . , R ARKANSAS
ARIZONA souTh
SanDiego | *{NEW MEXICO Dallag . MISSISSIPRI SR
S o ALABAMA E
GEoRGIAL

Google

Figure 8: Table showing grade crossings in the Anderson County
attributes

‘\ﬂ TEXAS

. LOUISIANA, Keyboard shoricuts | Map data £2024 Geogle, INEGI | Terms

Percentages of grade crossings by maximum planar deviation range

County

*Selecting a County from this table will display its grade crossings in the table below.

Max planar deviation (bins)
State I County Total count 0 to <6" (Green) 6" to<12" (Yellow) 12" to<24" (Orange]
Kentucky Anderson 31 58.1% 9.7% [ ]
Ballard 4
Barren 31

Grade crossings in Anderson county |

Grade crossings in selected County: 31

* Anew table containing information an incidents will appear upon selecting a Crossing ID from this table.
Cosiog s [ e - S oo
735645R ) [] 8.01 0.98 1 Norfolk South
735653H 1 [] 8.01 0.05 1 Norfolk Sauth
735643C 1 [] 6.04 0.00 2 Norfolk South
7356198 1 ] 5.16 057 2 Norfolk South
9296320 1 [] 5.12 052 2 Norfolk South
735634D [ [] 4.07 2,03 2 Norfolk South
73632aM 1 [ 341 177 3 Norfolk South
7356406 1 [ 2.10 0.85 3 Norfolk South
7356511 1 1 2.06 0.00 3 Norfolk South
735642V 2 [ 199 187 3 Norfolk South
7356365 12 1 187 0.92 3 Norfolk South
7356271 1 ] 187 187 3 Norfolk South
735646X [ ] 197 098 3 Norfolk South
735637Y s ] 197 184 3 Norfolk South

along with relevant

Planar Deviation Dashboard

Filters
State Crossing position
Kentucky ~| (@ AtGrade
Grade-Separated
Confidence score ip  Raiload D Road at crossing Low ground clearance  Train Service: Freight  AADT (bins)
(A v (Any hd (A hd Ay hd (A1) hd (A h (Al hd (A hd

Visualization controls Map showing locations of grade crossings

Map color parameter
Confidence sco -
Color legend:

Confidence score

LK)

Selected grade crossing on Google Maps

Satellite

L\ ‘L

* vl CTOA S
Keyboard shortcuts | Imagery 02024 Altbus, Maxar Technologles | Terms. | Report a map error

CrossingID
(A -
Trains per day Max planar deviation (bins) ~Incident occurrence Incident year range
10 10 v - 195 2024
J D (¢, D

Reset filters
(Except State)

Percentages of grade crossings by maximum planar deviation range

[county -

* Selecting a County from this table will display its grade crossings in the table below.

Max planar deviation (bins)

State i  County Total eount 0" to<6” (Green) 6" to<12" (Yellow) 12" to<24” (Orange
Kentucky _Anderson 31 58.1% 9.7% (]
Ballard 4
Barren 31

Grade crossings in selected County: 31

* Anew tabl incidents will appear aCrossing ID from this table

) . Incidents Maxplanar  _ Otherplanar  Confidence :
CrossingID Incidents (ealied/Stuck)  deviation (in) ~ deviation (in)  score Railroad
7356365 12 197 092 3 Norfolk South
7356277 1 197 1.97 3 Norfolk South
735646X 0 [ 197 0.98 3 Norfolk South 0
735637Y 5 0 197 184 3 Norfolk South
735635K 9 3 1.84 157 3 Norfolk South

Selected grade crossing incident data

Selected grade crossing incident data

CrossingID_ Date Incident no. Railroad_crash Highway user b

7356365  10/24/1975 GCO675053 SOUTHERN RAILWAY COMPANY Auto N
7/21/1976  GLOG76046 SOUTHERN RAILWAY COMPANY Pedestrian N I
1/8/1977 __ GCO677005 SOUTHERN RAILWAY COMPANY Truck N
12/30/1978 _ GC0678063 SOUTHERN RAILWAY COMPANY Truck N
6/7/1979 60679039 SOUTHERN RAILWAY COMPANY Auto N

Figure 9: Table showing information on incidents on the selected grade crossing
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4.1.2 Real-World Application

The dashboard can be used for different purposes. One of the primary use cases of the dashboard
is to identify GX with high planar deviations within a state. By integrating this information with
the presence of low ground clearance signs and the number of incidents related to vehicles
getting stalled or stuck on the crossing, users can identify and prioritize grade crossings with a
high risk of hangups. The dashboard allows users to utilize Google Maps Street View to verify
the approach grade profile, providing a practical tool for assessing and addressing potential
safety issues at these crossings.

Figure 10, Figure 11, and Figure 12 illustrate such a use case of the dashboard. First, the user
can filter for public grade crossings with confidence scores of 2 or 3 and incidents involving
vehicles getting stalled or stuck within the last 10 years. The table on the bottom right displays
the crossings that meet these criteria, as shown in Figure 10.

Planar Deviation Dashboard

Filters
State Crossing position Crossing ID
Kentucky v (@ AtGrade (an) -
Grade-Separated

Confidencescore Ownership  Railroad  Development Roadatcrossing Low ground clearance Train Service: Freight ~ AADT (bins)  Trains per day Max planar deviation (bins) Incident accurrence  Incident year range
(mottipieval.. | [pubic =] [ ] qam - [ +| [am v | [oam ) - 0 35 () v [ves(stallegsst. v | 2014 2024 Reset filters

D Q=D (Except State)
Visualization controls Map showing locations of grade crossings Percentages of grade crossings by maximum planar deviation range

State -
Map color parameter
Confidence score * Selecting a State from this table will display its grade crossings in the table below.

Color legend: Max planar deviation (bins)

Confidence score

State Total count 0" to<6" (Green) 6" to<12” (Vellow)

Kentucky 59 93.2% 6.8%)

2
Hs3

Grade crossings in selected State: 59

* A new table containing information on incidents will appear upon selecting a Crossing ID from this table.

Incidents Maxplanar  _ Other planar Confidence

CrossingID  Incidents (i, laq/Stuck) deviation(in) ~ deviation (in)  score Railroad
Selected grade crossing on Google Maps
343627 4 3 6.30 0.85 2 CSX Transport
-
“““““ ORTH 343578P 2 2 6.17 1.90 2 CSX Transport
Map Satellite ¢ WMONTANA DAKGTS B 841809U 2 1 6.04 2.76 2 Norfolk South
CtiawaliMont/sal 3a5935W 1 1 5.04 197 2 CSX Transport
S0 WISCONSIN, MAINE 3y5v A
- OAKOTA oo Toranto v 345247) 1 1 474 2.11 2 CSX Transport
10AHD CRETINT mmjgn e O 3455416 4 4 4.54 1.44 2 CSX Transport
W e MA OBOston
neomaskn (WA S S Q 345978P 1 1 2.07 1.97 2 CSX Transport
" OHIO L) - - N 3442924 1 1 3.98 1.15 3 CSX Transpord
VADA i 2 New,York L & 2
HEVAR uran ¥ United States Nk RWachinglon 227794R 1 1 394 0.21 3 CSX Transport
San Francisco LT X MISS0URI i
o 7200554 4 4 3.67 112 3 Norfolk South
CALIFORNIA ™. 0| 2c Vagas . + 343608E 2 1 3.67 171 3 CSX Transport
OKLAHOM
Los Angeles . i 70ns 3455318 2 2 3.61 1.57 3 CSX Transport
San Diego NEW MEXICO Ba(\)\as — 343595F 1 1 3.54 0.13 3 CSX Transport
R
—~ — > - iy 3455925 5 1 3.28 1.62 3 CSX Transport
@@@@rb A ' o UOUISIANA, Keyboard shortcuts | Map data ©2024 Google, INEGI | Terms

Figure 10: Dashboard displaying at-grade crossings in Kentucky with applied filters

Next, the user can sort the table in ascending order of maximum planar deviations. Figure 11
shows that four incidents occurred at the crossing with Crossing ID 343627]J, three of which
were due to vehicles getting stalled or stuck on the crossing. This crossing has a maximum
planar deviation of 6.3 inches and lacks a low ground clearance sign. Additionally, the table
provides detailed information on the incidents at the crossing.
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Planar Deviation Dashboard

State Crossing position
Kentucky ~ (3 AtGrade
Grade-Separated

Confidencescore  Ownership ~ Railroad  Development Road at crossing Low ground clearance Train Service: Freight

() ~| [can =] e <] e - [ < [ean =] [

Visualization controls Map showing locations of grade crossings

Map color parameter

Confidence score -
Color legend:
Confidence score

W2

Selected grade crossing on Google Maps

. o oy
Map Satellite

Keyboard shoriculs. | Imagery ©2024 Airbus, Maxar Technologies | Terms | Report a map error

AADT (bins)
R

Crossing ID
(an - O
Trains per day Max planar deviation (bins) Incident occurrence  Incident year range
12 12 (an ~  [Ves(stalled/st.. ~| 2014 2024 Reset filters
a D Q=D (Except State)

Percentages of grade crossings by maximum planar deviation range

[state -]

* Selecting a State from this table will display its grade crossings in the table below.
Max planar deviation (bins)
State Total count

0 to<6” (Green) 6" to<12” (Yellow)

Kentucky 59 93.2% 6.8%

Grade crossings in selected State: 59
* Anew table containing information on incidents will appear upon selecting a Crossing ID from this table

Incidents Maxplanar  _ Otherplanar  Confidence

(stalled/Stuck) deviation(in) - deviation(in)  score Railroad

Crossing ID Incidents

343627) 4 3 6.30 0.85 2 CSX Transport l
343578P 2 6.17 1.90 2 CSX Transport
841809U 2 1 6.04 2.76 2 Norfolk South
345935W 1 1 6.04 1.97 2 CSX Transport
345247) 1 1 4.74 2.11 2 CSX Transport
Selected grade crossing incident data
CrossingID  Date Incident na. Railroad_crash Highway user  Nari
343627) 12/5/2016 000164881 CSX Transportation Auto DRI\
12/13/2021 CSX Transportation Truck-trailer  J76¢
10/2/2022 000207611 CSX Transportation Other motor v.. M58
11/7/2023 000214426 CSX Transportation Truck-trailer _La1(

Figure 11: Dashboard with table showing no. of stalled/stuck vehicle-related incidents at
Crossing ID 343627J

By selecting the grade crossing on the map, the user can view the street-level image of the
crossing on Google Maps, as demonstrated in Figure 12. This functionality enables thorough
assessment and prioritization of potential safety issues.
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Planar Deviation Dashboard
Filters

State Crossing position Crossing ID

Kentucky ~ (¥ AtGrade (A -
Grade-Separated

Confidencescore  Ownership  Railroad  Development Roadat crossing Low ground clearance Train Service: Freight ~ AADT (bins)  Trains per day Max planar deviation (bins) ~Incident occurrence Incident year range

[ -] [ <] [ w] @m MR ~| [ *| [ *] @ v 12 12 (A v [Yes(stalleqsst.. ~| 2014 2024 Reset filters
a D Q=D (Except State)

Visualization controls Map showing locations of grade crossings Percentages of grade crossings by maximum planar deviation range

[state -
Map color parameter
Confidence score - * Selecting a State from this table will display its grade crossings in the table below.
Color legend: Max planar deviation (bins)
Confidence score State Total count 0" to <6” (Green) 6" to<12" (Yellow)
2 Kentucky 59 93.2% 6.8%

Grade crossings in selected State: 59

*Anew tabl ining incidents will appear a Crossing ID from this table

Incidents. Maxplanar _ Other planar Confidence

Crossing D Incidents gty leq/Stuck) deviation (in) ~ deviation (in)  score Reliroad

Selected grade crossing on Google Maps
343627) 4 3 6.30 0.85 2 CSX Transpori .
0 343578P 2 6.17 1.90 2 CSX Transporl
841808U 2 1 6.04 2.76 2 Norfolk South
345935W 1 1 6.04 197 2 CSX Transport
345247) 1 1 4.74 211 2 CSX Transport
Selected grade crossing incident data
Crossing ID__Date Incident no Railroad_crash Highway user _ Nan
343627)  12/5/2016 000164881 CSX Transportation Auto DRIV
12/13/2021 csx Truck-trailer J76¢
10/2/2022 000207611 CSX Transpartation Other motorv.. MS8
11/7/2023 000214426 CSX Transportation Truck-trailer L41(

Figure 12: Dashboard displaying Google Street View image of the selected grade crossing

Another potential use case of the dashboard is validating the locations of GXs in FRA’s Grade
Crossing Inventory. The confidence score filter in the dashboard provides four options, including
the ability to display only those grade crossings for which a confidence score could not be
derived based on our methodology. These crossings may have incorrect locations in FRA’s
Grade Crossing Inventory. By viewing these crossings on Google Maps, the user can determine
if location corrections are necessary, thereby ensuring the accuracy and reliability of the grade
crossing data.

The following example illustrates this use case. By selecting “NA” from the dropdown filter, the
map updates to display only those crossings that lack a confidence score. The user can then
choose a specific crossing from the map to view its street-level imagery via Google Maps. As
illustrated in Figure 13, there is a discrepancy between the grade crossing inventory's recorded
location and the actual location of the crossing. This indicates that the recorded location of this
crossing needs to be revised in the inventory.
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Planar Deviation Dashboard

Filters

Crossing position
~| @ AtGrade

State

[remms

Grade-Separated
Confidence score  Ownership  Railroad  Development Road atcrossing Low ground clearance Train Service: Freight  AADT (bins)
(A1) | - (Al (Al - v [ean ~|

Map showing locations of grade crossings

Visualization controls

Map color parameter

Confidence score =
Color legend:
Confidence score

M A

Selected grade crossing on Google Maps

=
i Map | Satellite

7

Crossing location in
grade crossing inventory

Crossing ID
(an) -

O

Trains per day Max planar deviation (bins) Incident occurrence Incident year range

2 2 (an v v 1975 2024 Reset filters

a D a 0 (ExceptState)
Percentages of grade crossings by maximum planar deviation range

State -
* Selecting a State from this table will display its grade crossings in the table below.
Max planar deviation (bins)

State Total count NA
Texas 2,771 100.0%

Grade crossings in selected State: 2,771

* A new table containing information on incidents will appear upon selecting a Crossing ID from this table.

) } ncidents Maxplanar  Otherplanar  Confidence
Crossing D Incidents gy i0q/Stuck) deviation (in)  deviation (in)  score Rallrcad
0214210 0 o NA Null NA Texas Pacifico Tr

Selected grade crossing incident data

Figure 13: Dashboard showing a grade crossing in Texas with an inaccurate location in the

inventory

4.2 Vehicle Simulation Model

The commercial motor vehicle simulation tool is an application designed to provide a simplified
model of the interaction between various vehicle types and road-rail grade crossings. This tool
allows users to identify potential collisions between vehicles and the crossing and assess
crossings for safety considerations. This tool is designed to be used in conjunction with the

Planar Deviation Dashboard described in Section 5.1.
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4.2.1 Interface Design

[ ) Hump Crossing Simulation Tool

Hump Crossing Simulation Tool @
Control Panel Disclaimer:This tool is a proof of concept and is not recommended for decision support. Simulation Canvas

‘Select or Enter Crossing ID
Choose/Enter a predefined crossing profile or customize below.

000606T| [~
‘Select a Vehicle Design Category

Single Axle Vehicle a

Select a Trailer Category

No Trailer (2]
Select a Design Vehicle

Single Unit Beverage Truck (2]
Hump Parameters
Adjust the crossing profile characteristics (optional)

Approach Planar Deviation - D1 (ft) L] 1.01

Departure Planar Deviation - D2 (ft) ° 0.02

Crossing Surface Width - CW (f) @ 13.06

Cab Parameters
Adjust cab characteristics (optional)

Front Overhang Length (ft 0.00
m: 33%  Reset View
Wheelbase Length (ft) —0 2400
imulation Results: Simulation stopped. Bottom Panel Run
Rear Overhang Length (f —e 1000

This tool was developed by the University of Maryland's Center for Advanced Transporiation Technology Laboratory (CATT Lab) as part of the Federal Railroad Administration's Railroad Information Sharing Environment (RISE) project.

Figure 14: Simulation tool interface

The main window of the simulation Tool consists of three primary components:

Control Panel (Left)

This component houses dropdowns and sliders to adjust the parameters of the vertical profile and
the vehicle. At the top of the component are four dropdown menus. The first allows the user to
set the parameters of the vertical profile using the values of a specific crossing ID. This
dropdown also functions as a textbox to facilitate the entry of crossing IDs found using the
planar deviation dashboard.

The subsequent three dropdowns allow the user to drill down to the specific design vehicle that
they would like to use. First, the user can select a specific cab type: one with a single rear axle or
one with a dual rear axle. Next, they can choose one of the available trailer types. This dropdown
has already been narrowed to a list of trailers that form a viable design vehicle with the selected
cab. Finally, the user can select one of the available design vehicles for that cab and trailer
combination.

Several standard design vehicles are provided across six different combinations of cab and trailer
configurations:

e Single rear axle cab with:
o No trailer
o Single rear-axle trailer

o Dual rear-axle trailer
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o Tri rear-axle trailer

e Dual rear-axle cab with:
o No trailer
o Dual rear-axle trailer

The design vehicles utilize measurements provided by Clawson in Establishing Design Vehicles
for the Hang-Up Problem.

Below the four dropdown menus are two to three sets of sliders that the user can manually use to
adjust the parameters of the vertical profile, vehicle cab, and vehicle trailer (if applicable). The
section encompassing all three sets of sliders will become scrollable if the number of sliders
needed to manipulate the vehicle makes it necessary.

The vertical profile sliders—controlling D1, D2, and CL—will be preset with values if the user
selects a specific crossing using the dropdown menu at the top of the control panel. Similarly, the
cab and trailer parameters will be preset using values for the selected design vehicle.

Simulation Canvas (Center)

This component displays a 2D cross-sectional view of the crossing and a traversing vehicle. It
provides a visual representation of the simulation in real time. The five segments of the vertical
profile (approach, entry slope, crossing, exit slope, and departure), with delineations between the
different sections, form the base of the visualization. The parameters for the vertical profile, D1,
D2, and CL, are labeled on the canvas to provide visual feedback to the user’s inputs. The user-
selected vehicle is shown as a simplified model, highlighting the wheels and the bottom of the
chassis. The vehicle moves across the crossing during the simulation.

The canvas also contains a few controls to adjust the user’s view of the simulation. At the bottom
of the canvas, there is a slider that changes the zoom level of the simulation. When zoomed in,
the user can also click and drag the viewport to pan the view. When used in conjunction, these
two features allow the user to more closely inspect the vertical profile, vehicle, or collision.

Bottom panel
This component displays information and contains controls:

e Results Panel: This component displays information on the progress of the simulation.
When a collision occurs, this panel will detail the part of the vehicle and the part of the
vertical profile that was involved.

e Simulation Controls: This component contains controls to Run, Pause, and Reset the
simulation.

4.2.2 Real-world application

One can extend the real-world application presented in Section 5.1 to show how the planar
deviation dashboard and commercial motor vehicle simulation tool can be used together. After
starting the Simulation tool, we can input the Crossing ID from Figure 15, 343627J, in the
appropriate dropdown in the top left of the tool. The cross-section of this crossing will appear on
the Simulation Canvas at the center, as seen in Figure 15.
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Hump Crossing Simulation Tool

Hump Crossing Simulation Tool @

“This tool is a proof of concept and is not recommended for decision Support.

Select or Enter Crossing ID
Choose/Enter a predefined crossing profile or customize below:
343627 [~)
Select a Vehicle Design Category

Single Axle Vehicle (<)
Select a Traller Category

No Trailer (<]
Select a Design Vehicle

Single Unit Beverage Truck (<]

Hump Parameters
Adjust the crossing profile characteristics (optional)

Approach Planar Deviation - D1 (ft) @ -6.30
Departure Planar Deviation - D2 (ft) L ] -0.85
Crossing Surface Width - CW (ft) @ 9.00

o
Cab Parameters

Adjust cab characteristics {optional)

ow |
Front Overhang Length (it} 0.00
Zoom: 33%  Reset View
Wheelbase Length (ft) — 24.00
Simulation Results: Simulation stopped. Run
Rear Overhang Length (ft) —e 10.00
This tool was developed by the University of Maryland's Center for Advanced Transportation Technology Laboratory (CATT Lab) as part of the Federal Railroad Administration's Railroad Information Sharing Environment (RISE) project.

Figure 15. Cross section of Crossing ID 343627J

Now, suppose there is a high probability of a car carrier truck at this intersection. It is known that
the prototypical car carrier contains a cab with two rear axles and a trailer with two rear axles.
Hence one maydrill down to this vehicle type using the bottom three dropdown menus in the
control panel to the left.

Select or Enter Crossing ID

—_Choose/Enter a predefined crossina orofile or customize. ____

Figure 16 Dropdown options for trailer categories

We can then hit run to start the simulation:
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X Hump Crossing Simulation Tool

Hump Crossing Simulation Tool @

Disclaimer:This toal Is a proof of concept and is not recommended for decision support

‘Select or Enter Crossing ID
Choose/Enter a predefined crossing profile or customize below.

343627J |
Select a Vehicle Design Category
Dual Axle Vehicle
‘Select a Trailer Category
Dual Axle Trailer

Select a Design Vehicle
Car Carrier Trailer Truck

Hump Parameters
Adjust the crossing profile characteristics (optional)

Approach Planar Deviation - D1 (fi) @~ -6.30
Depariure Planar Deviation - D2 (it) ° -0.85
Crossing Surface Width - CW (ft) @ 9.00

Cab Parameters
Adjust cab characteristics (optional)

Front Overhang Length (ft 0.00
Zoom: 33% Reset View
Wheelbase Length (ft) —e 13.00
Simulation Results: Running simulation. . Pause Reset
Rear Overhang Length (f) 0.00

This tool was developed by the University of Maryland's Center for Advanced Transporiation Technolegy Laboratory (CATT Lab) as part of the Federal Railroad Administration's Railroad Information Sharing Envirenment (RISE) project.

Figure 17. Running the simulation

It is clear that, for this parameterization, the vehicle quickly comes into contact with the roadway
surface. As is visually apparent in the Simulation Canvas and described textually in the Results
Panel in Figure 18, the wheelbase of the trailer struck the approach to the vertical profile almost
immediately.

e Hump Crossing Simulation Tool

Hump Crossing Simulation Tool @

Disclaimer:This tool is a proof of concept and is ot recommended for decision support.

‘Select or Enter Crossing ID
Choose/Enter a predefined crossing profile or customize below.

343627J

(<]

‘Select a Vehicle Design Category

Dual Axle Vehicle
‘Select a Trailer Category

Dual Axle Trailer
‘Select a Design Vehicle

Car Carrier Trailer Truck

Hump Parameters

Adjust the crossing profile characteristics (optional)
Approach Planar Deviation - D1 (ft) @+ -6.30
Departure Planar Deviation - D2 (ft) ® -0.85

Crossing Surface Width- CW (f) @ 200

Cab Parameters
Adjust cab characteristics {optional)

Front Overhang Length (ft 0.00
33%  Reset View

Wheelbase Length (ft) —e 13.00

Results: Simulation stopped. of trailer struck hump approach. Reset
Rear Overhang Length (f} 0.00

This tool was developed by the University of Maryland's Center for Advanced Transportation Technology Laboratory (CATT Lab) as part of the Federal Railroad Administration's Rairoad Information Sharing Environment (RISE) project.

Figure 18. Simulation results display
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5. Secure Online Non-Injury Railroad Property Trespassing Data
Collection Form and Database

5.1 Form Development

The secure online non-injury railroad property trespassing data collection form and database
were developed to support FRA’s Railroad Trespassing Enforcement Grant Program. Under the
program, FRA provides grants for law enforcement to assist communities at risk for rail
trespassing-related incidents and fatalities. Through the meetings and review of data samples
provided by the Railroad Trespassing IAT, our team observed significant variation in how non-
injury trespassing data was collected and documented. These observations motivated the team to
contact potential end-users of the trespassing data collection form. To meet this need, FRA
assisted with outreach to previous trespassing enforcement grantees to create an ad-hoc steering
committee that provided feedback on the data fields to collect and the design of the data
collection form. The committee met several times over the course of the form development to
provide feedback on the steps in entering observations and the overall interface designs. The
outcomes of these conversations were used to refine and enhance the form, as described in the
next section.

5.2 Form Design

The secure online data collection form offers two levels of user permissions. The first permission
level is titled “Officer.” Officer permissions allow users to enter, edit, and submit trespassing
observations to their supervisor. Officers can only view the observations that they have
submitted. The second permission level is “Supervisor.” Supervisors can enter and edit
trespassing observations and approve submissions by their officers. Supervisors can view
submissions by all officers in their agency. In both permission levels, the secure online data
collection form walks users through a four-step process to enter the details of non-injury
trespassing observations. The first step of the process asks users to enter information on the
agency submitting the data. As shown in Figure 19, users enter the agency name and location, as
well as the name of the person submitting the data.
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FRA Railroad Trespassing Report

Reporting Agency

Reporting agency name Submitted By

Hanford Police Department (GA) - grantee@dot.gov
City State

College Park Maryland -
Reporting Officer

The perscn who made the in-field observation.

John Smith

Figure 19. Reporting agency page

Upon entering the agency information, users are then taken to the Date and Location page,
shown in Figure 20. Here, users enter the details of the date, time, and location of the trespassing
observations. Users can automatically populate fields using the current time and location. Users
can also interact with the map by typing the name or address of a known point of interest,
zooming and panning the map, and updating the pinpoint location by clicking on the exact
location of the trespassing observation. Users must also enter the name of the railroad owning the
track. Optional fields include the railroad subdivision, nearest milepost, and nearest grade-
crossing.
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FRA Railroad Trespassing Report

1. Reporting Agency 2. Date & Location

Date & Location

Date of Encounter’ Time of Encounter
02052005 [T 12v: 5 v AM v ET v Use Current Date/Time Use Current Location

Click on the map or search for an address to autofill location information.
-

Latitude and Longitude
38.90146342817192, -77.00448892238416

Location of Encounter

900 2nd Street Norheast

Washington District of Columbia ~
District of Columbia v usa 20002
Railroad" Railroad Subdivision®
Amtrak (ATK)
Nearest Milepost Nearest GX Crossing (US DOT # or Street)
* Entry is required
e |

Figure 20. Date and location page

Next, users are sent to the Incident Details page (Figure 21) where detailed information on the
trespassers is entered. Information such as the age, gender, and race of the trespassers can be
provided. The form also documents what enforcement action was taken and if the trespasser was
a repeat offender. If the officer interviewed the trespasser(s), detailed information on the reason
for trespassing, awareness of illegal trespassing, and how the trespasser accessed the rail
property could be entered. This process is repeated for each trespasser involved in the trespassing
event.
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FRA Railroad Trespassing Report

1. Reporting Agency 2. Date & Location 3. Incident Detalls.

Trespasser1 () Add Trespasser

Was trespasser interviewed?"
® Yes O No
Incident Details

Trespasser Action”
Choose here v

Trespassing Reason®
Choose here e

How did the individual access the right of way?*

Choose here -

Enforcement Actions Taken®
Check all that apply

) waming
() Issued summensicitation and release

[ Amested for trespassing

Incident Details

Trespasser 1

() Arested for non-trespassing crime that is discoverad while interviewing subject

[} Referred for mental health evaluation

) Refered to social services

() Unable to locate or make contact

) Provided education on the dangers of trespassing
) Mone

[} Unknown/Not gathered

O Other Please describe ‘Other’ here

Awareness of lllegal Action Taken®

) Complete ) Somewhat ) Mot at all

) Unknown/Mot gathered

Figure 21: Incident details page

The final page of the form is the Confirmation page (Figure 22). This page allows users to
review and edit entries before submitting them for approval by the agency supervisor.
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FRA Railroad Trespassing Report

Confirmation

Reporting Agency £
Submitted By Reporting Officer
Grant Grantee (grantee@dot gov) John Smith
Reporting Agency Name ciy
Hanford Police Department (CA) Caliege Park
State
Maryland
Location 4 Edt

Date of Incident Latitude & Longitude
02/05/2026 1257 PMET 38.90146342817192, -T7.00448892238416

Nearest Read/Rall Intersection
900 2na Street Nofheast

city State
‘Washington District of Columbia
County Postal Code
District of Columiia 20002
Raliread Rallread Subdivision
Amirak (ATK) —_
Nearest Milepost Nearest GX Crossing {US DOT # or Street)
Incident Details & Edit
Trespasser 1

Was trespasser interviewed?
Yes

Trespasser Action Trespassing Reason

Recreational activities UnknowniNol gathered

How did the individual access the right of way? Enforcement Actions Taken
Accessed al a legal crossing warming

Figure 22. Confirmation page

5.3 Non-lnjury Trespassing Observation Database

Once the agency supervisor submits and approves trespassing observations, the data is sent to the
master FRA database. As shown in Figure 23, the database allows analysts to view the details of
trespassing observations. Here, users can view trespassing reports or details on individuals.
Trespassing reports provide the information for each trespassing incident, while the individuals
view shows the details of each person involved in the trespassing incident. PDFs of the reports,
CSV files of the report, and individual data tables can be downloaded directly from the database
view page.
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FRA Railroad Trespassing Report
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Figure 23. Database view page
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6. Conclusion

Following the recommendations and lessons learned in Phase I, RISE Phase II continued to
foster collaborative relationships with the US railroad safety community, which resulted in the
development of stakeholder driven IATs and new safety tools for stakeholder use. The success of
the Vertical Profiles of Highway-Rail Grade Crossings IAT has attracted new stakeholders,
including AASHTO. This group continues to discuss the needs and challenges in improving
safety at highway-railroad grade crossings.

The work with the Railroad Trespassing IAT enabled an initial assessment of non-injury
trespassing data collection practices, gaps, and challenges. While many railroads attempt to
collect trespassing data, the lack of standardization and concerns with sharing this data limited an
empirical analysis. However, the RISE team used these findings to structure a secure online non-
injury trespassing data collection form and database that was utilized by the FRA’s Railroad
Trespassing Enforcement Grant Program. The form and database were developed under the
guidance of FRA, Volpe, and previous volunteer grantees. The tool was launched in March 2023
and has documented ~4,000 trespassing events on ~5,000 individuals. This first-of-its-kind
database is being used by FRA analysts to discover trespassing hotspots, analyze patterns in
trespassing environments, and assess details on the individuals engaging in trespassing activities.

The Vertical Profiles of Highway-Rail Grade Crossings IAT identified a need to develop
databases and automated analytical tools to assess the risk of vehicles getting stuck or “hung up”
at GX. To address this need, the team pursued two critical components of the hang-up risk
problem. First, the team explored several data sources to estimate the vertical profiles of every
grade crossing in the US. To overcome the challenge of erroneous grade crossing location
information in the FRA Grade Crossing Inventory, the team developed an algorithm to discover
the locations where the NARN network intersected the OpenStreetMap road network. Next, the
team utilized USGS data to estimate the vertical profile of the roads approaching all US grade
crossings. These profile estimates were fused with the FRA Grade Crossing Inventory to build a
user-friendly vertical profile dashboard.

The second component of the risk assessment that was pursued was the assessment of
commercial vehicles traversing a grade crossing. To meet this need, we developed a simulation
tool that leveraged the USGS-based profile estimates with design vehicles from previous studies.
Users can select a grade crossing and design vehicle of interest within the simulation tool and run
simulations to evaluate if the design vehicle makes contact with the grade crossing surface.
Within the tool, users can alter the profiles and vertical clearance parameters of the design
vehicles to enable custom simulations. The simulation tool was designed to be used in
coordination with the vertical profile dashboard so users can discover potentially high-risk grade
crossings and then simulate various design vehicles traversing the target locations.
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Abbreviations and Acronyms

ACRONYM DEFINITION

AASHTO American Association of State Highway and Transportation Officials
CL Crossing Length

DEM Digital Elevation Models

EPQS Elevation Point Query Service

FRA Federal Railroad Administration

GX Grade Crossing

IAT Issue Analysis Team

ILHMP Ilinois Height Modernization

NARN North American Rail Network

OSM OpenStreetMap

RISE Railroad Information Sharing Environment
RMSE Root Mean Square Error

USGS United States Geological Survey

WCS Web Coverage Service
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