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Appendix A-1 – Landscape Applications for 

Pedestrian Traffic Control 

 

One of the methods researched in this study is to use landscape options to control of unauthorized access 

(trespass) to the railroad right-of-way. The Pilot Program was limited to Central Florida on the SunRail 

Commuter Rail line. It should be noted however that the use of plant materials in Florida will be governed 

by geographic location and specific site conditions which include sunlight, precipitation, soil 

characteristics and most importantly, UDSA climate zones.  

The use of landscape for pedestrian traffic control and trespass has been implemented for centuries. 

Options include walls, fencing, grade separation, hedges, thicket, water and stone barriers. The 

effectiveness of each option is largely dependent on the context of the site, reason for unauthorized 

trespass or intent of the user, and site variables which would limit implementation. In circumstances 

where trespassers generally follow prescribed routes; subtle landscape elements will suffice in directing 

traffic. The opposite is true when strong origin/destination causes are p resent, people have a 

predetermined destination and route in mind, or if realistic alternative routes are not present. In these 

circumstances’ trespassers will disregard or in many instances, vandalize, disable or overcome any 

device other than the most robust deterrent. The following are potential landscaping options with 

discussion regarding their applicability to this project.  

 

Plant Materials 

Plant materials can provide effective deterrence if installed and maintained correctly. They have the 

advantage of relatively low initial cost, but lifetime costs can be high due to maintenance. They also 

come in a variety of colors and textures.  

Perceived or actual density of the planting along with the selection of plant varieties will largely dictate 

the success of plant barriers. With single rows, if trespassers perceive a gap they will exploit it and over 

time, the gap will enlarge. Planting shrubs with tight spacing, depth of planting (multiple rows), hedge 

laying or weaving and/or using varieties with thorns greatly increases the probability of success.  
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Hedge Barrier 

Hedge barriers have been used for centuries to articulate pedestrian traf fic. Used in formal or 

informal applications they are an effective means for directing pedestrians. Lifetime costs for formal 

hedges can be high due to the need for extensive maintenance 

 

  

Defensive Plant Materials 

The use of defensive plant materials, or plants with thorns or sharp tips such as Spanish Bayonet 

and bougainvillea greatly reduces the incidences of breaching however, there are liability concerns if 

injury results . 
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Hedge Laying 

Hedge laying or weaving of plant materials greatly increases the impermeability of single row 

hedges however, this is a labor-intensive method and is not widely practiced in the United States 

and takes a significant amount of time to become established 

   
 

Walls and Fences 

Mechanical control of pedestrian movement by walls 

and fences is the most reliable source of traffic 

articulation in landscaping. 

Stone Walls 

Stone walls can provide excellent deterrence if 

constructed properly and are resistant to vandalism. 

They can be constructed with a large variety of styles, 

colors and patterns however, they tend to be 

relatively expensive. Indigenous stone has been used 

to construct walls in Florida for centuries. 
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Gabion Baskets 

Gabion Basket Walls provide a less expensive alternative to natural stone masonry construction. 

 

   

 

Concrete Unit Masonry 

Concrete Unit Masonry walls are also a less expensive alternative to natural stone walls.  
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 Hardened Fencing 

Hardened fencing is a good alternative to chain link due to its anti-climb characteristics and 

resistance to cutting. The Tuf-Grid fencing by Merchants Metals was selected for cost evaluation of 

the Trespassing Concept Plans. This product is shown below right and has been installed on the 

South Florida Rail Corridor. On the following pages the official product brochure and specifications 

are provided.  
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Freestanding Concrete and Metal 

Freestanding Concrete and Metal Walls are relatively easier to construct than concrete unit masonry 

or natural stone walls 

 

  
Greenscreen Fencing 

Greenscreen Fencing serves as a 3-dimensional matrix on which plants are grown creating a 

combination fence/plant barrier. 
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Laser Cut Corten Steel 

Laser cut CORTEN Steel panels are relatively easy to construct, are vandal resistant and require 

little lifetime maintenance. 
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Grade Separation 

Grade separation has been utilized for centuries to prohibit unwanted access however, traditional methods such 

as the ha-ha wall require large areas to be effective. This can be used in combination with other methods 

including walls and plant materials.  

 

Stone Barriers 

Stone barriers can be effective traffic articulators and are relatively easy to position. However, in 

order to provide effective pedestrian control must be very large or placed in a manner that deters 

pedestrians. 
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Water Barriers 

Water barriers (moats) can be an effective deterrent to trespass however they can be very expensive, 
require large areas and are expensive to maintain. 
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tone barriers can be effective traffic manner that deters pedestrians.  

Appendix A-2 – Conceptual Plans 
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Appendix A-3 Researched Mitigation 

Technologies 

Potential Mitigations Methods 

Detection and Surveillance System 

A CCTV system can alert law enforcement or track operators to respond to trespassing events. 

CCTV cameras can be set up in several locations including: 

• Fixed cameras at key locations can provide security and deterrent. Key areas include: 

stations, at-grade crossings, bridges, and identified hot spots. Cameras improve data 

reporting and prevention and when utilized in conjunction with a speaker system, the 

trespasser can be alerted via an alarm or other audible warning. Fixed cameras can 

have blind spots and can be avoided by trespassers. Other transportation systems 

(limited access expressways) are moving to complete Right of Way coverage with their 

CCTV systems.  

• Drones can provide a mobile camera platform that can be used during significant 

events, or to monitor critical locations. A drone can move to provide different angles 

and limit the ability of trespassers to avoid known camera locations; however, flying 

drones can be unnerving to local businesses and residents as the scope of the 

surveillance and owner of the drone is not clearly understood or known. Currently, 

regulatory rules prohibiting the recording of individuals and flights close to airports, and 

limiting flights to within the line of sight of the operator restrict the widespread 

application of the drones.  

Many CCTV systems exist off the shelf and include data storage and evaluation algorithms. 

System monitoring can be done by an individual or through the use of algorithms that will 

identify potential events. Artificial Intelligence algorithms can use the video Infrastructure to 

watch for, recognize, and understand trespassing events in real-time. The algorithm can be 

coupled with a live alert system that sends trespassing alerts to the designated destination.  

Detectors and Sensors 

Use of detectors and sensors automatically detects the presence of vehicles and trespassers. 

The sensors can be used to alert authorities, or trespassers and motor vehicles by activating 

an audible and visual system to alert them that they are trespassing.  Sensor technologies can 

include fiber optic, magnetometer, radar, camera and infrared.  Details on fiber optic cabling 

and magnetometer are below: 

Fiber Optic 

Fiber Optic Acoustic Detection (FOAD) has been utilized for security in other industries, 

especially in the oil and gas sectors. In many cases, there already exists multicore, single -

mode fibers that are buried along rail Rights of Way as part of different regions’ 
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telecommunication networks. It is common practice among telecommunications operators to 

install more cores than are needed. It is often possible to use one of these dark strands to 

enable a fiber optic-based detection system. This technology uses a process called Rayleigh 

Backscatter – when light is pulsed down the fiber, minute reflections can be detected 

throughout the length of the cable. Changes in these millions of reflections can be evaluated, 

allowing FOAD to measure the acoustic vibrations within the physical fiber. In effect, the fiber 

is transformed into a continuous sensor that works like a string of microphones. 

Railroad right-of-way is often used as fiber optic corridors providing the potential for use with 

limited new infrastructure. Current fiber optic acoustic detection does not have sensitivity to be 

used effectively for this project on the CFRC but may become viable in the future. Fiber would 

provide trespassing detection and data without the need for cameras and observation bias 

implicit in those systems.  

Magnetometer Sensors1 

Anisotropic magneto resistive (AMR) magnetometers sense the change in the earth’s 

ambient magnetic field that is caused by a metallic object. In the absence of any other metal 

objects, a vehicle will disturb the earth’s magnetic field . The presence of a large metal object 

causes these magnetic lines to be distorted. The AMR magnetometer measures this change 

in the earth’s magnetic field. Hence, when a car drives past the middle magnetic sensor in 

the forward direction, the magnetometer measures the change in the magnetic field.  

• Trains were shown to have their own unique magnetic signatures. These signatures are 

very large in magnitude, relative to cars, and are very complex due to the number of cars 

and the amount of ferrous material. It should be possible to use some part of these 

signatures as a tripwire for activating crossing warning devices. 

• Signature repeatability was established with cars in the parking lot by repeatedly driving 

back and forth over a sensor. However, signature repeatability could not be established in 

the field for trains since a train could not pass the sensor multiple times to confirm its 

signature. The best sensor location was determined to be 7.5ft offset from the first 

(nearest) rail. This distance reduced signal saturation and vibration caused by passing 

trains. This distance was also used as the minimum approach threshold for street vehicles.  

Magnetometer sensors for railroad and highway equipment detection: for quick grade-crossing 

warning recovery and displaying the unique magnetic signature of a metal object, moving the 

past sensor, use of Anisotropic Magneto-Resistive (AMR) magnetometers are very feasible, 

which is also available commercially (COTS). 

                                              

1  http://onlinepubs.trb.org/onlinepubs/archive/studies/idea/finalreports/highspeedrail/hsr -53final_report.pdf 

http://onlinepubs.trb.org/onlinepubs/archive/studies/idea/finalreports/highspeedrail/hsr-53final_report.pdf
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Lighting 

Lighting devices can be used to influence behavior. Use of  blue LED lights reduces 

psychological stress and deviate the suicidal thoughts. When installed on Japanese rail 

platforms, a study found that it reduced suicide rates by 84%2. 

Increased overhead lighting along the corridor can also reduce the desirability of locations for 

criminal behavior and trespassing. To reduce energy use, lights can be linked to motion 

sensors to light when movement is detected on the rail corridor.  

Digital Twin for Designed Surveillance System 

A digital twin is a digital representation of a physical asset, process, or system, as well as the 

engineering information that allows us to understand and model its performance. A digital twin 

is a highly detailed model asset that might be anything from a ticket vending machine in a 

station, to track, the switches, and crossings. In complex, high-risk areas, like stations, a digital 

twin will allow for the design of CCTV or other security systems without leaving any locations 

without coverage. A digital twin can also improve performance and reliability, off-site 

maintenance and future prediction of performance for all subsystems or the whole system 

together. However, digital twins can require a high initial investment. 

Digital Device Tracking 

Digital tracking can give information on congestion levels and passenger journey information. 

This tracking can be done indirectly through the continuous connection of users’ smartphones 

with wi-fi or Bluetooth connections or a smartphone application. By tracking devices, ind ividual 

user journey patterns or specific station congestion levels can be determined. A station that 

has more congestion may be more susceptible to trespassing events or accidental 

encroachment of the track. Trains can reduce their speed while proceeding through stations, 

and additional station support personnel can be dispatched to help. Any personal information 

can be removed to avoid identifying users/individuals. 

Fencing and Barriers 

Fencing has a number of benefits including: 

• Creates a nice separation between high speed line and slow line.  

• Can be done according to trespassing pattern and environment. 

• Area could be used to reinforce the desired behavior by providing an attractive 

corridor alternative for biking, hiking, jogging and walking. 

However, trespassers can still find a way to climb the fence and result in more dangerous 

routes for trespassers and are typically is not envisioned as systemwide intervention. 

Besides fencing other potential barriers include: 

                                              

2 Matsubayashia, T, Y. Sawadab, and M. Uedac (2013) Does the installation of blue lights on train platforms prevent 

suicide? A before-and-after observational study from Japan, Journal of Affective Disorders, Vol 147, Issues 1-3, 

p.p. 385-388 
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• Sliding doors at platforms 

• Anti-trespassing panels (see detail below) 

• Symbolic deterrent fencing. 

• Nets at bridges  

• Measure to soil clothes. 

 

Picture of Decorative Fencing 

 
  

Anti-Trespass Panels 

Anti-trespass panels (ATP) make walking almost impossible because of the panel’s surface 

profile. The aim is to create a ground-level physical barrier that restricts pedestrian or animal 

access at unauthorized places. The panels prevent access where fencing is infeasible, 

including at the ends of at-grade crossings and station platforms3. The panels can be unsightly, 

difficult to maintain and makes access to the corridor for authorized personnel more difficult.  

                                              

3 http://restrail.eu/toolbox/spip.php?article106 

http://restrail.eu/toolbox/spip.php?article106


Strategies for Reducing Railroad Trespassing 
    Pilot Program  

 

 

157 

 

Picture of Anti-Trespass Panel 

 



Strategies for Reducing Railroad Trespassing 
    Pilot Program  

 

 

158 

 

Appendix A-4 Intelligent Right of Way Safety Systems 

 



Sanford FL - December 17, 2019 

presented by:

Rob Brownell, Director Rail Business Development

trackAware™ Intelligent Right of Way Safety Systems  



Introduction to Duos Technologies Inc 
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Who We Are
Headquartered in Jacksonville, FL

Staff of 73 employees and 11 full-time contractors (84Total)

Design, develop and implement 

Advanced Intelligent Technologies

• Intelligent Sensor and Data Acquisition
▪ Inputs from virtually any sensor or data output/input, with

• Artificial intelligence (AI) Analytics

• Enterprise Information Management (EIM)
▪ Translate and present that information to end users creating:

• Turnkey Engineered Solutions

Industry-agnostic with a primary focus on:

Rail transportation 

Retail distribution centers

Critical infrastructure security

3



4

Connected Intelligence

• Increasing Complexity of  Advanced 
Intelligent Technologies

• Multi Skill Requirements

• Industry-wide Trend to Outsource 
Development and Maintenance of 
Complex Technology systems

• Duos differentiator:

➢ We provide end-to-endsolutions

Turnkey Data Capture Analytics via AI

End User Interface

truevue360TMduostech

4
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FREIGHT TRANSIT

Railcar Inspection Portals

Vehicle Undercarriage 
Examiner

Automated Pantograph
Inspection System

Thermal Vehicle 
Undercarriage Examiner

Track Intrusion 
Detection System

Inspection Workflow
Software Platform

rip®

vue®

tvueTM

apis®

trackawareTM

centraco®

Rail Applications 
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Relevant  Project Experience 
Year Railroad and System Location

2006 Conrail - Gondola Inspection System Philadelphia, PA 

2007 Metra - Pantograph Inspection System Chicago, IL 

2007 UP - Train Rider Detection System Sierra Blanca, TX 

2009 UP - Border Security Inspection System Eagle Pass, TX

2010 UP - Border Security Inspection System Nogales, AZ 

2010 UP - Border Security Inspection System Calexico, CA

2010 UP - Border Security Inspection System El Paso, TX 

2010 KCSM - Rail Inspection Portal Saltillo, MX 

2010 KCSM - Rail Inspection Portal San Louis  Potosi, MX

2011 UP - Rail Inspection Portal Eagle Pass, TX 

2013 TTCI - Vehicle Undercarriage Examiner  Pueblo, CO 

2015 CSXT - Rail Inspection Portal Hamlet, NC 
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Relevant  Project Experience 

Year Railroad and System Location

2015 BNSF - Railway Vehicle Undercarriage Examiner Abo, NM 

2016 Ferromex - Rail Inspection Portal Fresnillo, MX 

2016 TTCI – Thermal Vehicle Undercarriage Examiner  Pueblo, CO 

2017 Amtrak – Platform & Facility Security  Los Angeles, CA 

2017 Amtrak – Facility Security Seattle, WA 

2017 NYCT – Train Platform Intrusion Detection System New York, NY 

2018 CN – Rail Inspection Portals (4 Sites) Winnipeg, CA  

2019 CN – Rail Inspection Portal Toronto, CA 

2019 CN – Rail Inspection Portal (2 Sites) Memphis, TN 

2019 Metra – Automated Pantograph Inspection System Chicago, IL 

2019 CSX – Rail Inspection Portal Race Pond, GA 

2020 KCSM – Rail Inspection Portal Saltillo, MX 
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Experienced Team 
Our key team members average over 21 years of experience  

Gianni  Arcaini Chairman, President, CEO  35 Years within Technology & Rail   

Wm. Scott Carns EVP & Interim COO 20 Years  within Technology & Rail  

David Ponevac SVP Chief Technology Officer 15 Years in Software Engineering  & AI

Michael Halter VP Engineering 29 Years of Electronics Engineering 

Javier Acosta VP Field Operations 25 Years of Operations and Engineering

Rob Brownell Director BD Rail 25 Years in Rail Transportation

Charles Hoeppner Director of R&D 25 years of Software Development

Derrick  Schmenk Director of IT 18 years of IT Management

Shawn Moyer Senior Program Manager Rail 10 years Rail Signal and Comm.

Jason Jeans Director Product Dev. 15 years of Product Dev. Rail

Cody Stewart Program Manager R&D 5 years Software Development
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provide transportation teams with state-of-
the-art technologies to modernize, optimize
and improve the rail car inspection process, 
resulting in:

• Improved Safety
• Reduced Online Failures
• Greater Productivity
• Improved Yard & Network Fluidity
• Increased System Velocity

…most importantly, make it a more reliable and 
safer railroad.    

Our Mission 
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Section 130 and the State of Florida  
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The FRA has identified 6 areas of Focus thru 2021 
1. Safety

2. PTC (Positive Train Control)

3. Regulatory Form 

4. Crossing & Trespasser Accidents

5. Amtrak

6. Technology

Key Technology Points from the FRA 

1. Developing Opportunities to promote 
safe methods to support growth. 

2. Applying Prescriptive Regulations will 
do more harm for safe growth 

3. Augmenting performance & 
Prescriptive-based rule making  

Culture change with Technology  

“The Federal Railroad Administration cannot 
issue regulations fast enough to keep up with 
technology advancements within the railroad 
industry” 

“White Papers and interaction with vendors and 
railroads will help support advancement that is 
favorable with FRA “ 

Ronald Batory – FRA Administrator, March 26, 2019  
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November 26, 2019  - Press Release from Gov of Florida 
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What is section 130 and how is it funded ? 
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Florida Highway Rail Crossing Collision Details Since 2009
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Florida Highway Rail Crossings  

#1 Cause is Stopped in the danger zone
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Florida Highway Rail Crossings  - #1 Cause is Stopped in the zone
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Breakdown of Orange and Seminole Counties  2014 to 2019
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Florida Highway Rail Crossing Accidents are preventable! 



trackAware™ Intelligent Right of Way Safety System  
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▪ Virtual fence, multiple zones

▪ Object classification

▪ Object tracking

▪ Directional movement

▪ Object counting per class

▪ Defect identification

trackAware™ Intelligent Right of Way Safety System  
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trackAware™ Intelligent Right of Way Safety System  
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Remote Rail Inspection Portal 

Remote Rail Inspection 
Portal 

• 100% accurate human detection with proper pixels on target

• Distinguish/Identify specific markings (hardhat, safety vest etc.)

• People Counting

trackAware™ Intelligent Right of Way Safety System  
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Track Aware Intrusion Detection – NYC Transit 
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Remote Rail Inspection Portal 

Remote Rail Inspection 
Portal 

trackAware™ Intelligent Right of Way Safety System  
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Remote Rail Inspection Portal 

Ultra HD images 
are captured and 
analyzed on site

Remote Rail Inspection 
Portal 

Data is Delivered 
Via the Cloud

Case Study – Hazmat Placards 
• 99% accuracy of localization and 100% accuracy on OCR
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Remote Rail Inspection Portal 

Ultra HD images 
are captured and 
analyzed on site

Remote Rail Inspection 
Portal 

Data is Delivered 
Via the Cloud

Case Study –trids® (Illegal Rider Detection Mexican/US Border Crossings)

• 99% accuracy in 1 week with enough training data
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trackAware™ Intelligent Right of Way Safety System  



29

Our systems have the following capabilities:
• Automatic detection of security events

• Multi-lingual warning annunciation

• Strobe lights for visual deterrence

• Remote video monitoring

• Network-based distributive alerts

• Bidirectional audio communications

• Centralized command and control

• Does not require PTC for application of system

trackAware™ Intelligent Right of Way Safety System  

The mission being to enhance safety at railroad grade crossings and 

ultimately, to enable train engineers, surface road vehicle operators 

and pedestrians to take effective collision avoidance action.  
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• Provides remote access, viewing and archive of crossing activity.

• Automatically analyze, process, and exchange information and alarms between

grade crossings, approaching trains, and system operators.

• Collect operational data and a visual history of intersection control traffic

• Creates a forensic record of vehicle

driver and pedestrian behavior at crossings.

trackAware™ Intelligent Right of Way Safety System  
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trackAware™ Intelligent Right of Way Safety System  
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When the signaling system activates the gate arms to stop traffic, the system will automatically engage the distinct

alarm zone. Whenever a pedestrian, bicyclist, object or motor vehicle infringes upon or is within the zone, the

following will occur immediately:

• Automated Zone Obstruction Radio Message transmitted via

the railroad AAR radio channel to the on coming train to take

action using proper train handling

• An alarm will be transmitted visually and audibly to the OCC

• Real-time video will be automatically streamed to the OCC

• Potential to use cell notification within zone

• Locally, in addition to the existing bells from the gate arms, our

system will begin to flash high intensity strobe lights and locally

annunciate a warning message in multiple languages.

We would welcome input from FDOT for vehicle strobe light warning

trackAware™ Intelligent Right of Way Safety System  
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trackAware™ - Orange County Top 3 Crossings 
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trackAware™ Colonial Drive MP A 789.4  622181A 
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trackAware™ - South Street MP A 790.4  622192M 
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With a predefined security zone from Colonial Drive to South Street, the system

will actively monitor the zone(s) 24 hours a day for the following security events:

• Intrusion into the secure zone (by a person or object)

• Car Stuck on the tracks past specified time

• Homeless encampments or loitering behavior

• Abandoned objects within the zone

• Removal of objects or Railroad property from the zone

trackAware™ - CFRC Sunrail Smart Corridor 
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trackAware™  - CFRC Sunrail Smart Corridor 

Our technology cane define a “sterile” or secure area within the crossing and extend 

approximately 1000’ in either direction along the tracks from the crossing.  
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trackAware™ Intelligent Right of Way Safety System  
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The Platform - Hardware

▪ It is an appliance, 

▪ no cloud access is needed

▪ Training can happen directly on the 
unit

▪ Inference on GPU and CPU

▪ Supports wide variety of hardware

▪ From single board to server 
class

trackAware™  Intelligent Right of Way Safety System  
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The Platform - Interface

▪ Using a centraco® GUI

▪ Add streams (cameras)

▪ Attach models (algorithms) to 
streams

▪ View video archive and detections

▪ Define outputs (callbacks) to feed your 
system

As simple as that… That’s it!

trackAware™ Intelligent Right of Way Safety System  
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Command and Control Inspection Workflow Software
Platform with a User Friendly Interface  

centraco®
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Service & Maintenance  

▪ Dedicated Service Desk 

▪ 24/7/365

▪ Automated AutoCheck

▪ Real Time Monitoring 

▪ Proactive Response

▪ Software Updates

▪ Field Service

▪ Preventive Maintenance

▪ Full Hardware Warranty

OPTIONAL SERVICES
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• Hardware systems are proven and reliable 
• Average system uptimes of our currently deployed sites is over 98% 

Estimated rip Hardware MTTR 

Where are hardware spares? How is site manned? Estimated MTTR 

On-Site 24 hours a day 30 minutes 

On-Site Operator is on call 24/7/365            1 hour 

Onsite/Off-Site 
Regular working hours on week days as well as weekends 

and holidays 
           3 hours 

Onsite/Off-Site Regular working hours on week days only             1 day 

Offsite. Shipped by courier 

when fault condition is 

encountered 

Operator notified by system when a fault is detected. 48 hours 

Offsite.  Parts ordered from 

duostech. 

System is remotely located.  Operator needs to be flown 

in to replace the hardware. 
72 hours 

 

Service & Maintenance  
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Implementation  

Each team consists of the following dedicated personnel and is scaled to 
accommodate the project as necessary:
Field Team

• Senior Program Manager
• Project Manager
• Field Technicians
• QA/QC Engineer

Software/AI Team
• Software Program Manager
• Lead Data Scientist
• Multiple Labelers & Support Staff

duostech Project Team
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Training  

2 weeks before deployment 
• 1 Day of full class room training for designated teams  
• 1 Day of Training to OCC Managers/employees  
• Provide 3 sessions of on-site maintance training to signal and 

communications employees at location a TBD  
• Provide Appropriate user manuals 

Initial Deployment of system 
• 5 Days of on-site user assistance (All Shifts)
• 5 Days of on site technician assistance for signal and communications 
• 24hr User Help Desk after commissioning   



Thank You – Q&A and Next Steps  


