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Abstract:

Wrong way drivers entering freeways can cause catastrophic head-on vehicular crashes resulting in significant property damage, serious injuries, and deaths.  Eliminating wrong way drivers from freeways is a critical goal for transportation agencies due to the serious threat such drivers pose to the travelling public.  Wrong way driving is a behavioral problem that presents an opportunity for an Intelligent Transportation System (ITS) based technological solution.  The Nevada Department of Transportation (NDOT) is currently utilizing experimental red RRFB augmented wrong way driver (WWD) systems to eliminate the behavior or provide notification to stakeholders to mitigate the impacts of a wrong way driver.  NDOT is studying the effectiveness of these WWD systems on correcting driver behavior while simultaneously performing an evaluation of different WWD systems to determine which standalone system, or collection of components, will provide the best operational value for stakeholders.  This presentation will cover historical WWD data and studies; current MUTCD compliant solutions; current NDOT experimentation efforts including red RRFB augmentation and sign height variation; and current NDOT evaluation efforts regarding detection, activation, verification, and notification.  An emphasis will be placed on WWD ITS technologies, standalone freeway ramp applications, and WWD system integration into an Advanced Traffic Management System (ATMS).





BACKGROUND

According to the FHWA…
• Wrong-way driver (WWD) 

crashes are a significant traffic 
safety issue

• In the United States, WWD 
crashes result in 300 – 500 
fatalities per year

• Non-fatal crashes typically 
involve severe injuries
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High speed of vehicles
Head-on crashes and angle impact crashes






BACKGROUND

• IMPAIRED DRIVERS

• ELDERLY DRIVERS
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• SOLO DRIVERS
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Elderly drivers, impaired drivers, solo drivers
Unknown percentage but elderly drivers (age 70+) are over-represented compared to other age groups
60% of wrong-way drivers impaired
87% of wrong-way drivers were alone

Day vs night
occurrences typically occur from 9 PM – 3 AM






MITIGATION MEASURES

• Basic MUTCD measures
• DO NOT ENTER signs
• WRONG WAY signs

• Increased measures
• Wrong way arrow markings
• Red reflectors on back side of 

guide posts

• Advanced measures
• WWD warning systems
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ADVANCED MEASURES

• Detect vehicles travelling 
the wrong way on 
freeway exit ramps

• Activate stop beacons
• Document the event
• Notify TMC
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Design considerations

Power
-AC vs Solar
-PoE limitations
--equipment

Communications
-cell, radio, fiber
--mostly applicable to Urban areas due to power (solar) and comms (TMC connectivity)

Detection types
-in ground
--loops
-above ground
--radar
--camera (image analytics, thermal)
--lidar




MUTCD COMPLIANCE

• STOP BEACON
• LED BORDER
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MUTCD Section 4L.05 Stop Beacon
-circular red signal indication in each signal section
--two horizontally aligned signal indications => simultaneous flash
--two vertically aligned signal indications => alternating flash

MUTCD Section 2A.07 Retroreflectivity and Illumination
Letter of Interpretation, January 31, 2008: 2-638(I) - Color of Light Emitting Diodes
-LED maximum diameter of ¼ inch
-red or white color for STOP, YIELD, DO NOT ENTER, WRONG WAY signs
--all must me the same color within a sign




EXPERIMENTATION

• Rectangular Rapid 
Flashing Beacon

• Sign Height
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Interim Approval from FHWA
Rectangular Rapid Flash Beacon (red lenses or light emitters)
Sign heights (4’ and 7’)



NDOT/UNR STUDY
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NDOT/UNR Study or NDOT Study (consultant support)
driver behavior regarding advanced measures using red RRFB
driver behavior regarding advanced measures using MUTCD compliant devices
review every interchange and recommend level of mitigation




SYSTEM FLOWCHART
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Detection
Activation and Documentation
Validation
Notification
TMC Confirmation
Dissemination

Rural vs. Urban




ORIGINAL SYSTEM SPECIFICATIONS

• Detect wrong-way driver
• Activate flashing beacons
• Document event
• Validate wrong-way driver
• Notify TMC
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Requires full camera coverage of ramp so driver behavior can be determined for study

623.02.40 Wrong Way Driver Warning System. Furnish, install, test, and make operational a wrong way driver warning system capable of detecting vehicles driving the wrong way and activating red Rectangular Rapid Flashing Beacon (RRFB) warning flashers mounted to wrong way signs. The system shall be able to detect, activate, and store time stamped information on each activation or event and relay that information back to the TMC/ROC with supporting photographs and video verifying the activation. The system shall utilize a series of detection equipment to accurately determine a vehicles direction of travel and activate a series of red RRFB’s. System shall activate the local RRFB’s when any indication of a wrong way vehicle is detected. The system, upon validating a wrong way vehicle, shall notify the TMC/ROC via vendor supplied software and email. Software shall be installed locally or be web hosted. System shall communicate via native IP Ethernet without the need for serial-IP converters. 
The system shall consist of Rectangular Rapid Flashing Beacon Controller (Type 2), CCTV Camera (Detectable), Radar Detector System (RDS), Rectangular Rapid Flashing Beacons (RRFB’s), permanent sign items, poles, conduit, and conductor for one ramp as shown on the plans. Multiple ramps will constitute multiple Wrong Way Driver Warning systems 
Provide at a minimum a 3 year warranty on all installed Wrong Way Driver Warning Systems and associated equipment beginning at system acceptance for each device. This includes all associated solar and wireless equipment, if applicable. 
(a) General Requirements. Components of the system shall work as a complete system when installed. Components within the system shall have an operating temperature range meeting NEMA TS-2 environmental specifications (-37 °C to 74 °C / -35 °F to 165 °F) and shall be weather and waterproof or enclosed in a cabinet with a minimum of a NEMA 3R rating. 
The System shall operate via the vendor’s controller software and the activations and alerts shall be sent via the Department’s network infrastructure. The System shall allow for operation and monitoring via Simple Mail Transport Protocol (SMTP) for all relevant information. 
(b) System Equipment. The Rectangular Rapid Flashing Beacon Controller (Type 2) and ancillary equipment shall make a complete system capable of using inputs from the RDS and CCTV camera and activate a series of red RRFB’s. The controller shall utilize analytics to determine if a wrong way event has occurred, log events, timestamp, and send video images of the event to the TMC/ROC. The controller shall notify the TMC/ROC of the event immediately upon validating the event via a computer interface at the TMC/ROC and email. The notification shall contain a time stamp of the event, location, and supporting video of the event. System shall include two test buttons, one for RRFB testing and one for full Wrong Way Alert testing. Supply 3 years of software support/web access to any software that is required to operate and maintain the system for its complete functionality. 
The CCTV Camera (Detectable) shall be capable of detecting, recording, and validating a vehicle driving the wrong way on the ramp. Camera(s) shall be capable of wide viewing that can see a vehicle along the entire length of the ramp. 
The Radar Detector System shall be capable of detecting vehicles going the wrong direction at speeds between 5 mph and 150 mph. The system shall be capable of performing a self-test to verify the system is operating correctly. 
The Rectangular Rapid Flashing Beacon (RRFB) shall be a federal yellow 24 ± ½-inch bar containing 2 red 3 inch high by 7 ± ¼-inch wide LEDs meeting the current federal flash rate for RRFB’s and meet current brightness standards. Include mounting and wiring hardware necessary to make an operating RRFB as indicated on the plans. 
Permanent signs shall conform to Section 627. Ground mounted signs shall be installed as indicated on the plans. 
(c) Training. Provide 2 training classes for Maintenance and Operation personnel and other NDOT staff upon completion of at least 1 installation. Training shall cover basic maintenance, troubleshooting, system set up, operation, adjustments, and any other vendor-recommended topics. Operational instructions shall cover software and system operations with TMC/ROC staff. This shall include downloading system files and logs in order to analyze the system usage and effectiveness. 
Contractor shall provide 10 USB drives and 10 hard copies of all training material and user manuals. 
(d) Submittal. Submittal shall have a Matrix listing the following: 
• Specification section number. 
• Short specification section description. 
• Description and statement of conformance to specification section. 
• Location of supporting data (if more than one document is included in submittal). 
Highlight all pertinent specification conformance statements within submittal document. 
(e) Performance Testing. Test and verify the system with at least 4 different vehicles at 3 different speed ranges per vehicle. Vehicle sizes shall have at least a 25% difference in height between test vehicles, one of which shall be a motorcycle. Tested speed ranges shall be within ± 5mph of 5mph, 25mph, and 45mph, unless directed otherwise. Test vehicles shall be classified as motorcycle, small-, medium- and large-sized vehicles. 
Perform testing according to Subsection 105.03 and the following: 

1. SALT. The system shall be fully functioning, except for communication back to the TMC/ROC. 

2. SST. Systems shall be fully functioning back to the Freeway Management Software at the TMC/ROC for 45 days without failure. Failures not associated with controller equipment shall not be considered a failure of the controller system. At any time during this 45 day test, NDOT reserves the right to require field verification of the equipment. 

Failure of any item to meet the requirements for any test will be counted as a defect and the equipment under test will be subject to rejection. Rejected equipment shall be re-tested provided all areas of non-compliance have been corrected and evidence thereof is submitted. For equipment that has failed and subsequently been repaired or modified, prepare and deliver a report that describes the nature of the failure and the corrective action taken. 
The contract period shall not be extended for time loss or delays related to testing. 
Additional testing plans and checklists are required as shown in Attachment A. 






• Detection
• Radar
• CCTV Camera

• Activation
• Red RRFB

• Documentation
• CCTV Camera

• Still images
• Video

• Validation
• Radar
• CCTV Camera

• Notification
• Email
• Software
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ORIGINAL SYSTEM SPECIFICATIONS



Equipment

• Wrong-way Driver System Controller
• CCTV Camera (Detectable)
• Radar Detector System
• Red RRFB
• Permanent Traffic Signs
• Poles
• Pull Boxes
• Conduit
• Wiring
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ORIGINAL SYSTEM SPECIFICATIONS
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Presentation Notes
Each site requires AC power and communications cabinet (ideally fiber)



ORIGINAL SYSTEM DESIGN
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Typical Ramp Layout
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Sign Group A
Sign Group B
Detection and Validation Zones
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Sign Group A With Actuation

ORIGINAL SYSTEM DESIGN
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Sign Group A Without Actuation

ORIGINAL SYSTEM DESIGN
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Sign Group B

ORIGINAL SYSTEM DESIGN
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WWD System Block Diagram

ORIGINAL SYSTEM DESIGN



SYSTEM INTEGRATION

Testing Procedures

• Stand Alone Test (SALT)
• System Operation Via Field Connection

• Subsystem Test (SST)
• System Operation Via Network Connection
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Testing procedures for integration
-SALT
-SST

 WRONG WAY DRIVER WARNING SYSTEM TEST PLANS 
DEVICE NAMING COORDINATION
The System Integrator shall coordinate with the TMC/ROC to identify the device names for each device. 
The System Integrator shall then send a request to TOTS to identify the network name, IP address, and any pertinent configuration information. 

2. EXPLANATION – STANDALONE (SALT) TESTING
The System Integrator shall work with the DEVICE VENDOR (if required by the testing form) and complete the NDOT specified SALT tests (non-network) on each unit of equipment after installation. 
Conduct SALT testing on each unit of equipment as outlined on the NDOT provided testing form. 
The System Integrator shall coordinate through the Resident Engineer and the Construction Crew to have an appropriate NDOT representative present for the onsite inspection. 
The System Integrator shall submit the DEVICE vendor commissioning documents with the SALT testing to the Engineer for review and approval. 
Supply a bucket truck and operator, or suitable equivalent equipment necessary to carry out procedures as required by the testing documents, at no direct payment.. 

3. EXPLANATION - SUBSYSTEM (SST) TESTING
At the beginning of the SST phase, the System Integrator shall submit, in PDF format and original signed hard copies of the certified SALT results for approval by the Engineer. 
The Engineer shall approve all SALT testing prior to the System Integrator starting the SST testing. 
Conduct SST testing in accordance with NDOT’s testing documentation for all field and related equipment once the system has been interconnected to form a complete subsystem (i.e. Network connectivity). 
The SST test shall demonstrate connectivity to all field equipment utilizing NDOT’s current freeway management system (FMS). 
The SST test consists of a 45-day period of operations without major failure of equipment. The Resident Engineer may require the SST be restarted if any major failure occurs. A major failure for the Wrong Way Driver System is defined as: Failure of any individual hardware component or equipment associated with the detection, notification, monitoring, control, or operation of the Wrong Way Driver System. 
Five false detections or more within any consecutive seven-day period during the SST period. 
One false validation or more within any consecutive seven-day period during the SST period. 
One delayed notification or more taking longer then 60-seconds to the TMC/ROC within any consecutive seven-day period during the SST period. 
One missed notification or more to the TMC/ROC within any consecutive seven-day period during the SST period. 
Any missed detection or validation of a true (confirmed) wrong way driver event during the SST period. 
Demonstrate that the total system (hardware, firmware, software, materials, and construction) are properly installed, free from problems, exhibits stable and reliable performance, and meets project requirements. 
Once per week, the System Integrator shall demonstrate that all system functions tested in the SST are operational and meets requirements. 
The System Integrator shall coordinate through the Resident Engineer and the Construction Crew to have an appropriate NDOT representative present for the onsite inspection. 
The System Integrator must provide proof that each device has been tested each week for the duration of the testing period witnessed by an NDOT representative. 
The testing time must be scheduled a minimum of one week prior and coordinated and approved by the Resident Engineer and the Construction Crew. 






SYSTEM INTEGRATION
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Testing Procedures

Motorcycle Small

Medium Large

Presenter
Presentation Notes
Four vehicle types
Motorcycle
Small
Medium
Large




SYSTEM INTEGRATION

21

Testing Procedures

• 5 mph
• 25 mph
• 45 mph

Presenter
Presentation Notes
Three vehicle speeds:
5 mph
25 mph
45 mph

Resident engineer has discretion to alter testing speeds based on field conditions (roadway configuration, line of sight, etc.).




CURRENT SYSTEMS

22
Reno, NV
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Reno, NV
Existing actuated systems (~34)



• I-580: Fairview Dr. to N. Carson 
St.

• Installed 2019
• Infrastructure only

CURRENT SYSTEMS
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Carson City, NV
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Carson City, NV
-infrastructure only (~14)
-available for usage in Study
--installation of MUTCD compliant devices
--NDOT approved WWD warning system
---NDOT evaluation






• US-95: N. Durango Dr.
• Installed 2019
• Infrastructure only

CURRENT SYSTEMS
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Las Vegas, NV
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Las Vegas, NV
-spot location: NB US-95 @ N. Durango Dr.
--installed 2019
--Currently in testing phase





Site 1

Site 2

Site 3
Site 4

EVALUATION LOCATIONS
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Reno, NV

Presenter
Presentation Notes
Site 1 = TAPCO
Site 2 = FLIR
Site 3 = Viion
Site 4 = MH Corbin

Evaluation sites used existing infrastructure.




LEGEND
- COMMUNICATIONS CABINET
- EQUIPMENT STANDARD
- WRONG WAY SIGN WITH STOP

BEACONS

SITE 1 – SB US 395 @ Parr Blvd
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Location – SB US395 EXIT @ PARR BLVD

TAPCO

Deviation from Original Layout

Overview
FLIR thermal detection camera x2 (detection & validation zones)
Axis CCTV camera x2 (documentation)
wrong way signs w/ RRFBs on both sides of ramp
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SITE 1 – SB US 395 @ Parr Blvd
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Vendor depiction of system
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SITE 1 – SB US 395 @ Parr Blvd
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Wireless communication for beacon activation

Pole Mounted Communication Cabinet
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SITE 1 – SB US 395 @ Parr Blvd
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Sign Group A

Pole Mounted cabinet for wireless communication for beacon activation
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SITE 1 – SB US 395 @ Parr Blvd
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Intersection Facing

Series of still images
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SITE 1 – SB US 395 @ Parr Blvd
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Intersection Facing




32

SITE 1 – SB US 395 @ Parr Blvd
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Intersection Facing
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SITE 1 – SB US 395 @ Parr Blvd
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Intersection Facing
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SITE 1 – SB US 395 @ Parr Blvd
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Intersection Facing
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SITE 1 – SB US 395 @ Parr Blvd
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Intersection Facing
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SITE 1 – SB US 395 @ Parr Blvd
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Intersection Facing
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SITE 1 – SB US 395 @ Parr Blvd
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Intersection Facing
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SITE 1 – SB US 395 @ Parr Blvd
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Intersection Facing
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SITE 1 – SB US 395 @ Parr Blvd
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Intersection Facing
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SITE 1 – SB US 395 @ Parr Blvd
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Intersection Facing
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SITE 1 – SB US 395 @ Parr Blvd
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Intersection Facing
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SITE 1 – SB US 395 @ Parr Blvd
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Intersection Facing from notification (email or GUI)
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SITE 1 – SB US 395 @ Parr Blvd
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Mainline Facing

Series of Still Images
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SITE 1 – SB US 395 @ Parr Blvd
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Mainline Facing
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SITE 1 – SB US 395 @ Parr Blvd
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Mainline Facing
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SITE 1 – SB US 395 @ Parr Blvd
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Mainline Facing
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SITE 1 – SB US 395 @ Parr Blvd
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Mainline Facing
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SITE 1 – SB US 395 @ Parr Blvd
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Mainline Facing




49

SITE 1 – SB US 395 @ Parr Blvd
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Mainline Facing
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SITE 1 – SB US 395 @ Parr Blvd
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Mainline Facing
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SITE 1 – SB US 395 @ Parr Blvd
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Mainline Facing
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SITE 1 – SB US 395 @ Parr Blvd
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Mainline Facing
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SITE 1 – SB US 395 @ Parr Blvd
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Mainline Facing
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SITE 1 – SB US 395 @ Parr Blvd
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Mainline Facing




55

SITE 1 – SB US 395 @ Parr Blvd
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Mainline Facing from the notification (email or GUI)



LEGEND
- COMMUNICATIONS CABINET
- EQUIPMENT STANDARD
- WRONG WAY SIGN WITH STOP

BEACONS

SITE 2 – SB US395 @ Clear Acre Ln
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Location – SB US395 EXIT @ Clear Acre Ln/McCarran Blvd

FLIR

Deviation from Original Layout

Overview
FLIR thermal detection camera x2 (detection & validation zones)
FLIR CCTV Camera x2 (documentation)
wrong way signs w/ RRFBs on both sides of ramp
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• Intersection Facing
• Large Vehicle

SITE 2 – SB US395 @ Clear Acre Ln
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• Mainline Facing
• Large Vehicle

SITE 2 – SB US395 @ Clear Acre Ln
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Facing Intersection Facing Mainline

SITE 2 – SB US395 @ Clear Acre Ln

Presenter
Presentation Notes
Example of camera deadzone using the current site as an example.



SITE 3 – NB US395 @ N. McCarran Blvd

LEGEND
- COMMUNICATIONS CABINET
- EQUIPMENT STANDARD
- WRONG WAY SIGN WITH STOP

BEACONS
60
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Location – NB US395 EXIT @ N. McCarran Blvd

Viion

Deviation from Original Layout

Overview
-microwave radar x1 (detection zone)
-CCTV Camera x2 using video analytics (detection & validation zones; detection and documentation)
-wrong way signs w/ RRFBs on west side of ramp only
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SITE 3 – NB US395 @ N. McCarran Blvd
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Vendor depiction of system
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SITE 3 – NB US395 @ N. McCarran Blvd
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Radar (x1 or x2) and camera (x2) detection
-coverage of entire ramp (part of NDOT Study)
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SITE 3 – NB US395 @ N. McCarran Blvd
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SITE 3 – NB US395 @ N. McCarran Blvd
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Facing intersection (CCTV Camera)
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SITE 3 – NB US395 @ N. McCarran Blvd
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Facing intersection (IR sensor)
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SITE 3 – NB US395 @ N. McCarran Blvd
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Facing mainline (CCTV Camera)
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SITE 3 – NB US395 @ N. McCarran Blvd
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Facing mainline (IR sensor)





SITE 4 – SB US395 @ Oddie Blvd

LEGEND
- COMMUNICATIONS CABINET
- EQUIPMENT STANDARD
- WRONG WAY SIGN WITH STOP

BEACONS

DETECTION ZONE
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Location – SB US395 EXIT @ ODDIE BLVD

MH Corbin

Deviation from Original Layout

Overview
Lidar x1 (detection zone)
Thermal Detection CCTV Camera (detection zone)
Tracking PTZ CCTV Camera (detection and validation zone => documentation)
wrong way sign w/ RRFBs on east side of ramp only
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SITE 4 – SB US395 @ Oddie Blvd
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Vendor depiction of system
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SITE 4 – SB US395 @ Oddie Blvd

Presenter
Presentation Notes
Intent to use Lidar and thermal detection camera simultaneously to increase reliability.

System is still in infancy and Lidar was unsuccessful as a reliable detection device.

Only thermal detection camera was used instead.

PTZ CCTV camera with tracking ability.
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SITE 4 – SB US395 @ Oddie Blvd
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SITE 4 – SB US395 @ Oddie Blvd

Presenter
Presentation Notes
Medium vehicle

Red circle indicates the vehicle travelling in the wrong-way.
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SITE 4 – SB US395 @ Oddie Blvd
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Motorcycle

Yellow outline of anomaly (NDOT vehicles and personnel) that is not travelling the wrong-way





NDOT EVALUATION
WRONG-WAY DRIVER WARNING SYSTEM 

EVALUATION PROJECT
• Four systems
• Two months
• Criteria

• Detection
• Activation
• Validation
• Notification
• Other

• Methods
• Real-World Testing
• NDOT Testing
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Existing infrastructure.

One month for installation/integration, one month of evaluation.

Evaluation criteria includes quantification to assist with result comparisons and system selection.

Weight (points value) was predetermined for each criteria.

Real-world testing was abandoned due to uncontrolled environment.
What if a site had no events?

Objective and subjective approach
Five members
TMC, District, SLI HQ, TOTS HQ
Unable to include a maintenance representative but they are included in specification modifications



DETECTION
• Wrong Way Driver Event Detection Accuracy

• Qty. of events
• #

• Qty. of false events
• #

• Detection Zone Accuracy
• System settings vs field results

• PASS/FAIL
• Camera Documentation

• Still images captured
• PASS/FAIL

• Video captures driver behavior
• PASS/FAIL

NDOT EVALUATION
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Some criteria was eliminated due to removal of real-world testing.





ACTIVATION

• Flasher Activation Accuracy
• Qty. of activations

• #
• Qty. of false activations

• #

NDOT EVALUATION
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VALIDATION
• Wrong Way Driver Event Validation Accuracy

• Qty. of events
• #

• Qty. of false events
• #

• Validation Zone Accuracy
• System settings vs field results

• PASS/FAIL
• Camera Documentation

• Still images captured
• PASS/FAIL

• Video captures driver behavior
• PASS/FAIL

NDOT EVALUATION
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NOTIFICATION
• Notification Transmission Accuracy

• Qty. of notifications
• #

• Qty. of false notifications
• #

• Still Image quality
• Daytime

• Image clarity
• GOOD/POOR

• Color accuracy
• PASS/FAIL

• Vehicle identification capability (e.g. sedan, truck, van, 
tractor-trailer)

• PASS/FAIL

NDOT EVALUATION
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NOTIFICATION
• Still Image Quality

• Nighttime
• Image clarity

• GOOD/POOR
• Color accuracy

• PASS/FAIL
• Vehicle identification capability (e.g. sedan, truck, van, 

tractor-trailer)
• PASS/FAIL

NDOT EVALUATION
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NDOT EVALUATION
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NOTIFICATION
• Video Image Quality

• Daytime
• Video clarity

• GOOD/POOR
• Color accuracy

• PASS/FAIL
• Vehicle identification capability (e.g. sedan, 

truck, van, tractor-trailer)
• PASS/FAIL

• Quality vs. Mainline CCTV Camera (PTZ)
• LESSER/EQUIVALENT/GREATER



NOTIFICATION
• Video Image Quality

• Nighttime
• Video clarity

• GOOD/POOR
• Color accuracy

• PASS/FAIL
• Vehicle identification capability (e.g. sedan, 

truck, van, tractor-trailer)
• PASS/FAIL

• Quality vs. Mainline CCTV Camera (PTZ)
• LESSER/EQUIVALENT/GREATER

NDOT EVALUATION
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NOTIFICATION
• Includes Application Programming Interface (API)

• TRUE/FALSE
• Data management/storage

• Client server
• TRUE/FALSE

• Cloud hosted
• TRUE/FALSE
• Redundant servers

• TRUE/FALSE
• Meets Traffic Management Data Dictionary 

(TMDD) information standard
• TRUE/FALSE

• Bandwidth requirement ≤10 Mbps
• TRUE/FALSE

NDOT EVALUATION
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NOTIFICATION
• Notification ease of use (email/SMS/etc.)

• Location identification
• TRUE/FALSE

• Travel direction identification
• TRUE/FALSE

• Result determination (driver behavior)
• TRUE/FALSE

• Graphical User Interface (GUI) ease of use
• Location identification

• TRUE/FALSE
• Travel direction identification

• TRUE/FALSE
• Result determination (driver behavior)

• TRUE/FALSE

NDOT EVALUATION
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NOTIFICATION
• Graphical User Interface (GUI) ease of use

• System parameter manipulation
• TRUE/FALSE
• Remote Accessibility

• TRUE/FALSE 
• Video timeframe

• TRUE/FALSE
• Qty. of images captured

• TRUE/FALSE
• Beacon flash duration

• TRUE/FALSE
• Detection and validation zones

• TRUE/FALSE

NDOT EVALUATION
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NOTIFICATION
• Graphical User Interface (GUI) ease of use

• Video Accessibility
• READILY AVAILABLE/UPON REQUEST/NOT AVAILABLE
• Ease of video retrieval from specific event/s

• GOOD/POOR
• Location Naming (ability to change)

• TRUE/FASLSE
• Live video viewing capability

• TRUE/FALSE

NDOT EVALUATION
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NOTIFICATION
• Notification delay

• Shortest
• # [time]

• Longest
• # [time]

• Average
• # [time]

NDOT EVALUATION
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Field time stamp vs. notification time stamp



OTHER

• Field maintenance
• Qty. of devices that require maintenance

• #
• Recommended maintenance schedule

• # [time]
• Ability to save all Individual component configurations 

(e.g., camera, controller, radar)
• TRUE/FALSE

• Vendor Provided Preventative Maintenance Procedure
• TRUE/FALSE
• All system components are included

• TRUE/FALSE

NDOT EVALUATION
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OTHER

• Reporting
• Event categories

• TRUE/FALSE
• Automated reporting functionality

• TRUE/FALSE
• Absence of camera coverage dead zone

• TRUE/FALSE
• Overlap

• TRUE/FALSE
• Equipment diagnostic functionality

• Remote
• TRUE/FALSE

NDOT EVALUATION
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OTHER

• Equipment diagnostic functionality
• Remote

• TRUE/FALSE
• Availability of a 3 Year Warranty period (complete system)

• TRUE/FALSE
• Warranty coverage

• Hardware
• TRUE/FALSE
• USA sourced replacement parts

• TRUE/FALSE
• Software Upgrades Included

• TRUE/FALSE

NDOT EVALUATION
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OTHER

• Support
• US based

• TRUE/FALSE
• 24/7

• TRUE/FALSE
• Method

• Phone
• TRUE/FALSE

• Email
• TRUE/FALSE

NDOT EVALUATION
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RESULTS

• NDOT Selected WWD Warning 
System For Statewide Deployment
• WWD Controller
• Detection Method
• Documentation Needs
• Notifications
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• Detection
• Radar
• Thermal Detection CCTV 

Camera
• Activation

• Red RRFB
• Red 1W1C Signal Head

• Documentation
• CCTV Camera

• Still images
• Video

• Validation
• Radar
• Thermal Detection CCTV 

Camera
• Notification

• Email
• Software
• ATMS

UPDATED SYSTEM SPECIFICATIONS
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Future proof installations for anticipated MUTCD approval of red RRFBs



CONCLUSIONS

• Known Issues
• False Detections
• Image/Video Quality
• Knock Downs

• Provide Protection 
(e.g., Guard Rail)

• Camera “Dead Zone“
• One size does not fit 

all

• Determine Best System/s For 
Agency

• Detection Type
• Documentation Needs

• Still Images and/or Video
• System Notifications

• Email
• Software
• ATMS
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NDOT will plan and design for A/C power and wired communications
electrical service, communications cabinet with backhaul, conduit, pull boxes





• BACKGROUND
• MITIGATION
• EXPERIMENTATION
• NDOT EVALUATION

CLOSING REMARKS
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WRONG-WAY DRIVER WARNING SYSTEMS

Presented by Frederick (Rick) Tydeman, P.E.
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QUESTIONS?
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