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PROBLEM BEING SOLVED

- Loss of life and of property occur too frequently at rail 
crossings

- 130,000 public and 209,000 total crossings in the U.S. 
- 200+ annual fatalities
- 2000+ annual injuries

3/7/2017 Biloxi, 4 deaths, 38 injuries (50 total 
onboard, retirees)

10/16/21 Thackerville, OK: Amtrak train strikes 
semi-truck car hauler stuck on tracks; 5 injured
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BEFORE MEASUREMENTS: DEFINE REQUIREMENTS

• Defined the requirements to measure grade 
crossings
• Crossing profile measurement requirements: Based on 

AASHTO’s “A Policy on Geometric Design and Streets” 
(Green Book) – 0.89% max grade for 30ft from ends of 
ties (3 inches over 28 ft; 75mm over 8.4m)

• Rate of change critical to find locally problematic areas

• Sight line requirements: Railroad-Highway Grade 
Crossing Handbook by the FHWA 

Critical areas for 3D measurement of vertical highway 
profiles at grade crossings – 0.89% grade over 30’ (9.1m) – 
AASHTO Green Book

Table 32 Railroad-Highway Grade Crossing Handbook – 
helps determine distances needed for data collection 
along highways & railways 3



HANG-UP DETECTION 
VEHICLE STANDARDS

► Eck and Kang, 1991, update Clawson 
2002, checked against current 
standards

► They also state that vehicles with 
ground clearance down to 2 inches 
have been observed

► Recommend use of 40 foot wheel base 
with 4 inch clearance (12.2m x 0.10m) 

► We produce school bus, motorcoach, 
& low-boy trailer by default; can do any 
other, with alternative clearances & 
wheelbases Clawson, Amy Lorraine, "Establishing design 

vehicles for the hang-up problem" (2002) 4



SIGHT DISTANCE

► Requirements from the 2018 Green Book are the same as 2011.  

Need to consider vehicles starting from stopped position (left) or already moving 
vehicles (right)
 * We calculate site line adequacy for approaching vehicles * 
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SB IR  PHASE  I , I I , &  FOLLOW-ON RESULTS  FOR CROSS ING SAFETY ASSESSMENT 
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Standardized da ta  collections Drone  imagery for 3D da ta

6 s ta tes , 51 cross ings

Automated s ign ID

Automated humped cross ing de tection by vehicle  
type  & Cross ing-i reports

Automated s ightline  ana lys is

Cross ing-i web porta l to share  results

Drone  & 360˚ 
ground videos



TECHNOLOGY SOLUTION: CROSSING-I

● We have developed an advanced, practical, 
and available drone based technology to 
reduce life threatening accidents at railroad 
crossings.

● Developed under USDOT SBIR Phase I & II 
funding - partnership between MTU and 
MTRI Inc.

● Now being made commercially available

https://mtriinc.com/rail-crossing-assessment/ 
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TECHNOLOGY SOLUTION: CROSSING-I
● Crossing-i demonstrated in 34 crossings (five states), 2019-2021 

(SBIR I & II funding)
○ MnDOT,  WISDOT,  MDOT,  INDOT,  ICC
○ Crossing survey planning & execution methods are well 

established & efficient

● MnDOT, St. Louis County (MN), Ohio Rail Development 
Commission (ORDC) partners for 2022-2023 projects
● Collected 12 crossings near Duluth last week, Oct. 2022
● 5 Ohio crossings, May 2023

● 30 crossings in MI – working with ENSCO to compare to train 
lidar system (DOTX 218)
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15+ CROSSING-I 
PRODUCTS AVAILABLE 
FOR EACH CROSSING:
● Hang-up analysis (low ground clearance)

○ Lowboy trailer
○ Motorcoach
○ School Bus
○ Customizable to other vehicles

● Visual sight lines - are there sightline issues for 
vehicles approaching the crossing?
○ Active vs. passive crossings
○ Able to create dynamic (animated) sight lines

● GIS results
● Drone video
● 360˚ camera video (driver’s point of view)
● Crossing-i report
● 3D environment
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DRONE-ENABLED DATA COLLECTIONS

► Completed data collections for crossing assessments for SBIR funding

► Completing up to 8 crossings per day, more possible (depends on proximity of crossings, FAA 
rules for flight operations)

► Submitted whitepaper to FAA to enable Beyond Visual Line of Sight (BVLOS) operations for 
grade crossing assessment via drone

► Crossing data typically collected within 45 minutes.

► Data collection workflow

1. Place ground control targets (now with Aeropoints)

• 4 at the crossing for humped crossing

• 2 further away from crossing for visual sight lines

• Specific distance from crossing is determined by AASHTO Green Book calculations for sight line triangles

2. Fly larger UAS with high-res imaging for humped crossing analysis

3. Fly smaller DJI Mavic 2 Pro for visual sight lines analysis; can do all with larger UAS

4. Retrieve ground control targets 10



HIGH RESOLUTION IMAGES:
USED FOR 3D DATA GENERATION WITH 

PHOTOGRAMMETRY

• Collected via drone, with flight plans
• Higher-resolution for crossing profiles

• Moderate resolution for larger site line analysis areas
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HIGH RESOLUTION IMAGES & ORTHO 
OUTPUTS, INCLUDING DEMS    

12



442ND ST, HARRIS, MN – 082750K
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442ND ST. ORTHOS & DEMS

Crossing profile ortho resolution = 4.9mm pixel GSD (0.19”),
Area is 65 x 55m (213 x 180 ft)

Crossing profile ortho resolution = 14.4mm pixel GSD (0.57”),
Area is 110 x 390m (361 x 1280 ft)
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TECHNOLOGY SOLUTION – “HUMPED” CROSSINGS

Automated Profile Assessment Tool – specifies specific hangup locations for multiple vehicle types

15



TECHNOLOGY SOLUTION – VISUAL 
SIGHT LINES

Railroad Grade Crossing Viewshed Tool Results – with dynamic results available
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TECHNOLOGY SOLUTION

Dynamic Viewshed Tool Results

Sam Anderson Rd (186118E)
Northbound dynamic sightlines

East Huron Drive
Westbound

17



AUTOMATED SIGN IDENTIFICATION

Automated Sign Identification Using Machine Learning Tool Results
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CROSSING-I REPORTS – 5-PAGE PDF FOR EACH SITE

1
9

1 2 3
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CROSSING-I PORTAL

● Customer Access Point
● Crossing-i Analytics Reports
● Fly-Through Videos
● 360˚ ground videos
● Crossing-i GIS Outputs
● Recording of standard 

crossing survey data
Added examples of 3D panoramic 
viewing of results to help with 
Virtual Diagnostic surveys
* Upgrades completed under Michigan 

Economic Development Corporation 
MTRAC program 
• Helpful for virtual diagnostics
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GIS data viewing

Video viewing

Standard FRA report updating

Access Crossing-i PDF reports



DRONE FLY-THROUGH VIDEOS AND 360° GROUND VIDEOS
CR-110B (532625S) - Upper Sandusky, OH

Drone videos - road, track; can be  viewed on s ite  & downloaded

https://www.youtube.com/watch?v=f_ ir3JpkE4E (southbound)

https ://www.youtube .com/watch?v=K9VPWWRtWgE
(northbound)

Ins ta360 ground videos  from moving car - can be  rota ted, paused

https://www.youtube.com/watch?v=f_ir3JpkE4E
https://www.youtube.com/watch?v=K9VPWWRtWgE


POTENTIAL IMMEDIATE ROI - “VIRTUAL DIAGNOSTICS”

● Based on 
inquiry/suggestion from 
DOTs

● To reduce complexities 
and resources needed for 
diagnostics meetings

● Use resources 
demonstrated today

● Quantifying the true 
value/benefits

Parameter Virtual Diagnostics Traditional Diagnostics

Time Commitment Low and consistent High and variable

Coordination 
Complexity

Medium (no travel) High (travel and meeting 
time)

Meeting Cost Low (only time cost) High (travel, lodging, time)

Stakeholder absence Later review of 
recordings

Requires new time

Documentation Reports (Crossing-i) 
& Recording

Create after meeting

Safety High (office) Low (live traffic)

Access to data Any time (portal) Meeting only (marked)
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CROSSING-I PORTAL DEMO (TIME PERMITTING)

● https://apps2.mtri.org/crossingi/account 

https://apps2.mtri.org/crossingi/account


RAILROAD ARTIFICIAL INTELLIGENCE 
INTRUDER LEARNING SYSTEM 
(RAIILS)
● Drone-based automated detection of trespassers at sites of interest
● Detection can take place in real-time w/ onboard AI/ML detection algorithm
● System can automatically send email or text message to interested party
● Report on RAIILS prototype available - FRA
● Next steps: demonstrate with tethered & longer-duration drones

24

Colin Brooks, Ph.D.
cnbrooks@mtu.edu
734-604-4196 (mobile)
with Eric Vega (PI)

mailto:cnbrooks@mtu.edu


PHASE I I I  CROSSING-I  SBIR:  DATA COLLECTION RELATED TO THE 
STRUCTURAL INTEGRITY AND SAFETY OF TRANSIT TRACKS

2
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• FTA funding through USDOT Volpe
• Demonstrating Flyability Elios 3
• Working with Enspect Engineering
• Demonstrating at Chicago Transit 

Authority tunnel
• Plans for TTC demo (ENSCO) in CO



Thermal Data Comparison & Analysis
● Detection of the rmal anomalies  - equipment 

& people
○ Oven, space  hea ter, re sea rcher, and 

warm e lectrica l infras tructure  clea rly 
vis ible

○ FLIR Vue  Pro R (640x512 pixe ls ) has  
much grea te r pixe l re solution re la tive  to 
Integra ted FLIR Lepton 3.5 (160x120 
pixe ls )

○ Foca l S ta tis tics  use ful for automated 
identifica tion of ‘edges’ of the rmal 
anomalies .

FLIR Vue Pro R 
(Payload)

Integrated FLIR 
Lepton 3.5 
Thermal

Elios 3 Integrated Thermal FLIR Vue Pro R Thermal
FLIR Vue Pro R, Automated 
Standard Deviation Focal Statistics

Power 
Cable

LED 
Lights

Toas te r 
Oven

Space  
Hea te r

Researcher

Tunnel 
Entrance



An Integrated and Automated 
Decision Support System for 
Ground Hazard Risk Mitigation for 
Railways using Remote Sensing and 
Traditional Condition Monitoring 
Data 



Analysis of Field Data Collected



Decision Support System
• The decision support system 

is being built for this project 
to provide a database 
structure to manage all the 
data acquisitions and serve 
as a platform for deploying 
all machine learning 
models.

Decision Support System



NEXT STEPS FOR DRONE-ENABLED RAIL GRADE CROSSING 
ASSESSMENT WITH CROSSING-I:

● Technology exists to assess all or nearly all crossings in the U.S. that might have low-ground clearance / humped 
problems – airborne (Crossing-i), complements train-mounted LiDAR systems as well (DOTX 218)
○ Crossing-i is useful for crossings that train-mounted LiDAR systems cannot easily be deployed at
○ Can be deployed at will unless near towered airports

● Technology is now available & ready for use
○ Currently for line-of-sight high resolution 3D assessment
○ Improved for 360º virtual crossing diagnostics, newest data for MN, OH, & MI
○ Can work with local drone data collection teams (rail companies, transportation agencies, drone services & engineering 

firms)
○ Able to create cost estimates for end-users

30

Crossing-i ready for commercial use
Interested in working with engineering & drone firms as well

Colin Brooks, Ph.D.  
cbrooksmtriinc@gmail.com & cnbrooks@mtu.edu 
734-604-4196 (m) 

mailto:cnbrooks@mtu.edu
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