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I. Summary

Improving the safety of pedestrians, bicyclists, and other vulnerable road users is of critical importance 
to achieving the objectives of the U.S. Department of Transportation (DOT) National Roadway Safety 
Strategy (NRSS) and DOT's vision of zero fatalities and serious injuries across our transportation system. 
According to data from the National Highway Traffic Safety Administration (NHTSA), 10,626 traffic 
fatalities occurred at roadway intersections in the United States in 2020, including 1,674 pedestrian and 
355 bicyclist fatalities. These fatalities at intersections represent 27% of the total of 38,824 road traffic 
deaths recorded in 2020. Preliminary estimates for 2021 point to further increases, with pedestrian 
fatalities up 13% and pedalcyclist fatalities up 5% compared to 2020 (NHTSA, May 2022). 

In response to these growing concerns and as part of continued implementation of the NRSS, the 
DOT Intersection Safety Challenge  aims to transform intersection safety by 
incentivizing the innovative application of new and emerging technologies to identify and mitigate 
unsafe conditions involving vehicles and vulnerable road users at intersections. The Challenge 
complements other Federal efforts to improve intersection safety, with the Challenge specifically 
focused on the use of technology. Further, the intersection environment itself is well-suited to 
innovative mitigative approaches leveraging, utilizing, and potentially repurposing existing traffic control 
and support infrastructure. 

Of particular interest in addressing intersection safety is the development of systems that apply 
emerging capabilities enabled by advanced sensing, communications technologies, and artificial 
intelligence (AI) and machine learning (ML). These include machine sensing and perception, data fusion, 
trajectory and path prediction, vehicle-to-everything (V2X) communications, and real-time decision-
making. Technological advancements in these and other areas offer an opportunity to improve 
intersection safety at scale in new and effective ways. The Challenge encourages the formation of non-
traditional teams combining expertise in emerging technologies with experience in traffic and safety 
engineering to develop new and potentially transformative intersection safety approaches. 

The Challenge also aligns with equity-related DOT priorities set forth in the Bipartisan Infrastructure Law 
(BIL). Improving intersection safety is a foundational element in enhancing equity and accessibility in 
many communities. Safe and reliable transportation, including access to and use of various 
transportation modes in and around intersections, can be a powerful engine of opportunity, connecting 
people to jobs, education, and resources. The Challenge supports DOT's equity priorities, as outlined in 
the U.S. DOT Strategic Plan for FY 2022-2026, the U.S. DOT Equity Action Plan, and the National 
Roadway Safety Strategy.  

Overall, the Challenge aims to incentivize the development of new, cost-effective, real-time roadway 
Intersection Safety System (ISS) concepts (see Section IV). Further, to set the stage for future 
deployment nationwide, the potential safety benefits relative to the estimated costs of deploying new 
system concepts must be compelling enough to motivate equitable at-scale deployment across the 
nation.  
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II. Background

The Challenge seeks to incentivize the development of transformative, innovative intersection safety 
systems employing existing and emerging technologies. Many modern control systems, including 
emerging advanced intersection control systems, are increasingly reliant on real-time decision-making 
informed by data ingested and analyzed from advanced sensor systems. This includes safety-critical 
machine decision-making where human response times may be insufficiently rapid or lack 
comprehensive situational awareness. Often, powerful new control systems combine the strengths of 
both human and machine decision-making. One relevant example of mixed human/machine control is in 
vehicle automation. Here, the confluence of developments in sensing, data fusion, and AI are creating 
new and compelling Advanced Driver Assistance Systems (ADAS) and emerging Automated Driving 
Systems (ADS). Such systems may issue warnings to a human driver or independently implement safety-
critical vehicle control decisions. 

Anticipation, Prevention, and Mitigation of Unsafe Intersection Conditions 

DOT is interested in the development of new safety systems that adapt salient emerging technologies to 
enhance real-time traffic and pedestrian control systems and support road user warning systems. Such 
safety systems are expected to anticipate, prevent, and mitigate unsafe intersection conditions, 
including impending collisions among and between vehicles and vulnerable road users. 

Anticipation, prevention, and mitigation of unsafe conditions may take place on multiple time scales 
relevant to the safety-related control decisions under consideration, including imminent collisions in the 
intersection. Preventive or mitigating decisions and actions may be tailored based on the real-time (or 
anticipated) pedestrian, bike, and vehicle patterns of travel in the intersection. For example, in 
anticipation of a surge in pedestrian demand in one or more crosswalks, intersection control systems 
could dynamically implement or prohibit unprotected vehicular intersection movements where 
appropriate vehicle control indicators are present.  These changes could be made in combination with 
complementary modifications to pedestrian and/or bike lane traffic control (e.g., extended stop or walk 
time for specific crosswalks). Modifications to control systems may be augmented with warning systems 
alerting vulnerable road users and/or drivers.  Additional tailored warnings may be transmitted for 
wirelessly connected vehicles and mobile devices able to interpret and act on standardized safety-
related messages. Finally, detailed data on categorized road user demand (including individual vehicle 
trajectory and/or user paths through and around an intersection) could inform longer-term decisions 
regarding the intersection safety, including the installation of (or upgrade to) more capable traffic 
control systems, geometric changes, and/or the modification of local safety-related policies. 

Vulnerable Road Users 

The Challenge utilizes the definition of a vulnerable road user  consistent with the Highway Safety 
Improvement Program:  a non-motorist with a fatality analysis reporting system (FARS) person attribute 
code for pedestrian, bicyclist, other cyclist, and person on personal conveyance as defined in the ANSI 
D16.1-2007. (Se 23 U.S.C. 148(a)(15); 23 CFR 490.205). Under this definition, a vulnerable road user may 
include people walking, biking, or rolling but does not include a motorcyclist.  Note that this definition of 
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a vulnerable road user is specific for this Challenge. DOT considers a broader definition in some studies 
and/or countermeasure development depending on the circumstances. 

For the Challenge, vulnerable road users are defined in accordance with this definition as pedestrians, 
cyclists, and most micro-mobility device users, including users of wheelchairs, scooters, skateboards, 
and other conveyances, of all ages and abilities. Likewise, for the Challenge, vehicles are defined as all 
motorized roadway vehicles including passenger cars, motorcycles, trucks, vans, public transit vehicles 
(including buses, light rail vehicles, and streetcars), and commercial vehicles. E-bikes and other micro-
mobility conveyances capable of operating above 30 miles per hour are treated as motorcycles. 

Whatever the general road user type, a critical differentiator is the class of intersection control assigned 
to an individual road user in an intersection at any point in time. For example, cyclists are vulnerable 
road users but are subject to vehicular traffic control when they travel in general roadway lanes. In a 
bike lane, a cyclist may be subject to bike-specific controls and policies that differ from general roadway 
lanes. Further, where bike lanes are present, e-bikes up to a certain size or power may utilize these lanes 
subject to local policy and regulations, and in this case may also be subject to bike-specific controls and 
policies. Generally, bikes are not allowed on sidewalks unless the cyclist dismounts. A dismounted cyclist 
pushing a bike is subject to pedestrian controls and may utilize crosswalks. Likewise, low-speed 
motorized scooters allowed under local policy to utilize sidewalks are subject to pedestrian control 
indicators, signage, and regulations. 

In this Challenge, DOT is interested in enhancing holistic intersection safety including within roadway 
lanes, bike lanes, crosswalks, and sidewalks. In particular, the Challenge seeks specific system solutions 
that can detect and classify a comprehensive range of road users in real-time and detect or anticipate 
their individual movements in or across an intersection over time. This desired capability explicitly 
includes the transition of a single individual subject from one form of intersection control to another, 
e.g., a dismounted cyclist on a sidewalk mounting a bicycle, entering a bike lane, and then traversing an 
intersection. The envisioned capabilities must also perform equally across a range of vulnerable road 
user physical characteristics, including race/ethnicity, gender, age, clothing, size, and the use of adaptive 
equipment like wheelchairs, mobility scooters, and service animals.   

Intersection Safety Improvement at Scale 

To improve intersection safety at a national scale, cost-effective safety systems are needed that can 
ultimately be suitable for broader, nationwide deployment. DOT recognizes that a technology-based 
approach is one of many potentially cost-effective approaches for improving safety at intersections. 
Cost-effective approaches are also critical to support equity and accessibility considerations, in that 
deployment, operations, and maintenance requirements must be low enough to be applied broadly 

The innovations sought in the Challenge operating in a real-time 
context are intended to augment (but not substitute for) a comprehensive suite of intersection safety 
considerations, including alternative intersection geometric design and changes to local traffic safety 
regulations and policies. The Challenge aligns with the NRSS and complements current and existing DOT 
safety efforts, such as the FHWA Complete Streets Program and FHWA Proven Safety Countermeasures. 

To better understand the technologies that could enhance intersection safety, the DOT published the 
Enhancing the Safety of Vulnerable Road Users at Intersections; Request for Information (RFI) in the 
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Federal Register (commenting closed on November 15, 2022). Specifically, the RFI sought information on 
a conceptual vulnerable road user and vehicle warning system building on existing and emerging vehicle 
automation technologies that could be implemented at intersections.  Such an intersection safety 
system concept might incorporate machine vision, perception, sensor fusion, real-time decision-making, 
AI, and V2X communications (among other possible approaches). The RFI responses pointed to a wide 
range of both existing and emerging technologies that could be integrated into intersection safety 
systems in the near-term. 

III. Challenge Vision, Objectives, and Structure 

Challenge Vision and Objectives. The vision of the Challenge is to transform intersection safety through 
the development of one or more innovative intersection safety systems that identify, predict, and 
mitigate unsafe conditions involving vehicles and vulnerable road users in real-time. 

The Challenge seeks broad innovation in real-time roadway intersection and transit right of way safety 
featuring anticipatory warning systems and other safety-countermeasures for both drivers and 
vulnerable road users. Such intersection safety systems must be cost-effective in order to expedite their
equitable deployment at scale at the highest risk intersections throughout the nation. In addition to 
technical considerations, successful systems must also consider a range of additional factors related to 
their suitability for at-scale deployment, including commercialization and mass-production feasibility, as 
well as factors related to the needs and constraints of both industry and Infrastructure Owners and 
Operators (IOOs). 

Challenge Structure. DOT anticipates an overall Challenge structure and timing similar to the one 
illustrated in Figure 1 below. (Note: The structure and timing presented is preliminary in nature and 
subject to change at any time at the sole discretion of the DOT.) 

The Challenge begins with a two-part prize competition. Participants can include individuals, 
organizations, or teams of individuals and organizations, in accordance with the eligibility criteria below. 
While not a requirement for participation, teaming is encouraged to ensure that the participants 
possess the wide range of interdisciplinary skills required to ultimately produce a viable intersection 
safety system. Teams are encouraged further to consider system requirements unique to field 
deployment (as specified or recommended by IOOs) early in the system development process. In the 
first part of the prize competition (Stage 1A), participants submit a Concept Paper describing their 
intersection safety system concept and the potential of this concept to address the vision and objectives 
of the Challenge. Up to ten (10) awards will be made in Stage 1A to participants whose submissions 
demonstrate a comprehensive understanding of the problem and who propose a compelling and 
innovative solution to the safety problem posed.   

In Stage 1B, participants will test their proposed system using real world sensor data collected on a 
. At a minimum, winners 

from the first part (Stage 1A) will be eligible to participate in the second part (Stage 1B) of the Challenge.  
Depending on the results achieved during Stage 1A, DOT may choose to broaden Stage 1B eligibility.  At 
the end of Stage 1B, if sufficiently compelling and innovative candidate intersection safety systems are 
identified, DOT may choose to fund follow-on projects in a second stage. These projects would involve 
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prototyping and demonstration of candidate intersection safety systems under a competitive Broad 
Agency Announcement (BAA) or other procurement mechanism.

Figure 1. DOT Intersection Safety Challenge Structure and Schedule (Preliminary)

DOT Intersection Safety Challenge Stage 1: Prize Competition

Stage 1A: Concept Assessment Participants submit an ISS Concept Paper (See Section VIII, How to 
Enter). Up to ten (10) well-formed, differentiable concepts scoring highest against a set of uniform 
judging criteria (see Section VI and VII, Rules and Judging, respectively) will receive a Challenge prize and 
may advance to the next part of the Stage 1 Prize Competition.

Stage 1B: System Assessment and Virtual Testing. Participants develop, train, and improve algorithms 
for the detection, localization, and classification of vulnerable road users and vehicles using DOT-
supplied sensor data collected at a controlled test intersection.  Further, participants will use these data 
and algorithms in real-time to predict future intersection conditions and identify potentially unsafe 
conditions and events. Entries will be scored using a rubric testing the accuracy of algorithms against 
observed ground truth conditions. DOT will provide information regarding the perception and prediction 
competition of Stage 1B after Stage 1A awards are made.

In addition, Stage 1B participants may also submit an ISS Concept Paper (as in Stage 1A). This may be a 
revised concept paper reflecting insights gained in participation in this prize competition.

Multiple Stage 1B submissions may receive a Challenge prize. Detailed rules and judging criteria will be 
provided prior to the start of Stage 1B.

Note: Participants are not required to demonstrate ISS deployments within real-world intersections in 
either Stage 1A or Stage 1B.

Anticipated Schedule: DOT anticipates that Stage 1 of the Challenge will proceed according to the 
tentative schedule outlined below (Table 1). Dates are subject to change with any changes being posted 

website accordingly.

Table 1. Outline of Challenge Schedule (subject to change)

Stage Description Date
1A Launch Late April 2023
1A Close September 2023
1A Selection and Awards December 2023 January 2024
1B Launch January 2024 February 2024
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Stage Description Date
1B Close December 2024
1B Selection and Awards February 2025

DOT Intersection Safety Challenge Stage 2: Potential Broad Agency Announcement (BAA) Solicitation
(optional)

Informed by the technical maturity of the intersection safety solutions offered in the Stage 1 prize 
competition and their potential to result in transformative safety impacts, DOT will determine whether 
to proceed to a second stage of the Challenge. In this potential second stage, DOT may issue a Broad 
Agency Announcement (BAA) solicitation (open to any eligible entities, whether or not an entity was a
Stage 1 participant) to develop, test, and demonstrate one or more prototype ISS. Other procurement 
mechanisms besides a BAA may also be considered for Stage 2.

IV. The Intersection Safety System (ISS) Concept

Conceptually, an ISS would be deployed at a roadway intersection to modify or adapt intersection 
controls dynamically and warn drivers and vulnerable road users of potential impending collisions
and/or conflicts. Figure 2 presents a high-level overview of the anticipated elements of an ISS concept.  
Note that the ISS System of Interest (SOI) is identified as a shaded area in Figure 2, separate from the 
road users and other intersection infrastructure outside the boundaries of the ISS. Note further that this 
is a conceptual system, and as such is not intended to be prescriptive or represent a complete design.

Figure 2. Conceptual Intersection Safety System Context Diagram
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The ISS integrates and analyzes sensor data in real-time on a computing platform that hosts the required
software elements and machine learning algorithms. The ISS ingests and analyzes sensor data to 
differentiate, classify, and localize individual vehicles and vulnerable road users in real-time. Further, the 
ISS predicts the real-time movements and future trajectories of individual vehicles and vulnerable road 
users within and in the immediate vicinity of the intersection (e.g., on adjacent sidewalks) and transit 
right of way. As mentioned above, these vehicle movements will include activities specific to transit 
vehicles and commercial vehicles. The ISS then issues coordinated messages to adapt or modify 
intersection control configurations in real-time in advance of potentially unsafe conditions and/or 
generate warnings regarding potential imminent collisions. An ISS must be capable of issuing warnings 
to drivers and vulnerable road users with no wireless connectivity. Warnings may be issued to wirelessly 
connected vehicles and vulnerable road users as well. Whether through wireless transmission of alerts 
or other methods, innovative approaches are sought to ensure that drivers and vulnerable road users 
can be alerted in an effective and timely way to prevent or mitigate unsafe conditions. 

Participants in this Challenge will be asked to consider a range of relevant technologies, assess the 
potential for re-purposing both existing and emerging technologies to create an ISS concept aligned with 
the ultimate goal of at-scale deployment within, at most, 10 years. In particular, the Challenge seeks 
solutions with the potential to be cost-effectively deployed across the nation at a large proportion of the 
highest-risk intersections. The use of commercially available sensors and associated mass-produced 
componentry (for computation, networking, connectivity, and communication) may result in lower 
system costs when deployed at scale. 

Intersection Safety System Costs. As an overarching goal, the Challenge seeks ISS solutions that utilize 
core componentry costing in the order of $10,000 (or less) per intersection at scale within 10 years 
following the end of the competition.  At scale in this instance refers to targeted deployments in the 
order of 100,000 intersections nationwide. Note: The target cost figure pertains only to the cost of ISS-
specific hardware and software for the SOI elements shown in Figure 2. Costs associated with the 
existing intersection geometrics, traffic control systems, power, communications backhaul, and other 
considerations outside the SOI in Figure 2 are excluded from this cost target. Further, all other ISS 
development, deployment, and operational costs, including but not limited to research and 
development amortization, installation, calibration, testing, training, operations, maintenance, and 
replacement are excluded from this cost target. 

ISS Deployment Scope. A single ISS concept may not be suitable for implementation at all roadway 
intersections. The Challenge seeks one or more interoperable ISS solutions that can collectively address
a large proportion of intersections and make a significant improvement in overall road 
safety. Note that an ISS concept that is intended only for intersections with specific characteristics or 
which addresses a specific intersection safety use case may be submitted for this Challenge. Other ISS 
concepts may target a broader deployment footprint and a wider range of use cases. 

Minimum ISS Capabilities. An ISS should (at a minimum) have the following capabilities: 

Sensing and perception  The ISS must support the detection, localization, and classification of a 
number of individual vehicles and vulnerable road users simultaneously in real-time, while 
maintaining privacy protections. Sensing and perception of vulnerable road users must perform 
equally across skin tones, clothing, and other physical characteristics. An ISS perception system 
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should sense intersection activity under a range of weather and visibility conditions.  This 
includes variable ambient lighting, temperature, precipitation, visibility, glare, and other 
considerations that may impact sensing and perception. This capability may necessitate the 
utilization of diverse and/or redundant systems for higher reliability. The resolution, bandwidth, 
latency, power consumption, and cost of the vision and perception system are important 
considerations. Precise timing (derived from global navigation satellite systems [GNSS] or 
secondary or back-up sources that can be space- or land-based) may be employed. 
Vehicle and road user movement prediction  The ISS must predict the movements or 
trajectories of multiple vehicles and vulnerable road users in and near the intersection in real-
time. Simultaneous road user and vehicle movements must be predicted contemporaneously to 
identify potential unsafe conditions or impending conflicts or collisions. The ISS shall detect 
potential collisions or other unsafe conditions and plan feasible mitigating actions that reflect a 
number of common intersection scenarios.  Scenarios should be considered where road users 
both conform to intersection control direction (e.g., a pedestrian who waits to enter a crosswalk 
until a WALK signal is given), as well as cases where road users deviate (e.g., a pedestrian 
entering a crosswalk before a WALK signal is given). 
Data handling and storage  The ISS must be capable of managing the volume, bandwidth and 
variety of data required to enable all minimum capabilities. This includes event reporting 
covered below. This also includes data storage and archiving requirements, with attention paid 
to anonymization, privacy, and cybersecurity threats. Local storage as well as cloud- or edge-
based data management systems may be considered. 

o Note that the ISS itself must be capable of independent data management supporting 
the functions related to real-time intersection control system adaptation and warning 
system control. Further, the ISS must be capable of providing detailed road user 
path/trajectory data (both observed and predicted) for external asynchronous safety 
engineering analysis. 

Wireless Communications and Positioning  A roadside unit or other form of infrastructure may 
be included if the proposed ISS concept utilizes some form of wireless connectivity perhaps to 
include 5G connectivity, V2X, Wi-Fi, or other near-field communications. In addition, 
infrastructure-based positioning may support GPS or its equivalent.  
Intersection control system interaction  The ISS should be capable of real-time interconnection 
with existing modern intersection control systems (assume, at minimum, compliant with 
prevailing industry standards and protocols). The ISS may specify a collection of complementary 
actions related to the classes of road users at a particular intersection where there are 
differentiable control mechanisms: e.g., traffic signal or dynamic signage for vehicles, separate 
indicators and dynamic signage for bike lane users, and pedestrian indicators. The roadside 
infrastructure may be assumed to provide secure interconnection to the intersection traffic 
signals (via a signal cabinet for example) and to a central traffic management system for that 
jurisdiction (potentially through a wireless or fiber optic link). 
Warning system  The ISS must feature a vulnerable road user and vehicle warning system (or 
both vulnerable road user and vehicle warning systems). Such a warning system(s) may require 
one or more alarm types ranging from audible alarms, visual alerts, and other more advanced 
real-time alerts, such as a warning to a wirelessly connected vehicle, for example. The warning 
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system(s) must be capable of alerting vulnerable road users who are visually or hearing impaired 
and offer ADA-compliant operation. Vulnerable road users cannot be assumed to have wireless 
connectivity. 
Interoperability and extensibility considerations  An interoperable and extensible ISS solution 
must not degrade the underlying existing safety of any intersection at which it is deployed. 
Interoperability considerations include integration with existing systems at intersections as well 
as coordination among neighboring intersections with a deployed ISS. Further, the ISS should: 

o be upgradeable by virtue of a modular hardware and software design; 
o use open architectures to the fullest extent possible, including features such as open-

source software and Application Programming Interfaces (API) libraries to encourage 
integration with varied control systems; 

o utilize industry-accepted software development practices; 
o be intrinsically cybersecure; and  
o maintain data privacy protections. 

o Event reporting for performance measurement and system improvement  Interaction between 
the ISS and the intersection control system must support recording both crash and near-miss 
events, including tagging those events to support further safety and operations analysis at the 
central traffic management system.  This includes supporting retrospective analyses of false-
positive and false-negative warnings, unintended consequences, and site-specific tailoring or 
optimization. 

High-Level ISS Requirements. An ISS should have the following high-level capabilities:  

Anticipate potential unsafe conditions and identify appropriate and timely traffic control system 
plans that can prevent or mitigate these conditions. 
Provide warnings to vehicles and vulnerable road users reliably, minimizing false positive and 
false negative warnings. Warnings must be provided in a way that all vulnerable road users and 
drivers may be alerted, whether they are wirelessly connected or not. 
Maintain consistent and reliable system operation and performance under a range of potential 
operational conditions (including variable weather, visibility, and pedestrian and vehicle demand 
patterns). 
Provide a cost-effective safety solution (See Section IV, ISS Incremental Costs for additional 
context) that results in a demonstrated reduction in intersection crashes and vulnerable road 
user fatalities across a variety of roadway intersections. 
Have a feasible path to rapid commercialization and deployment within 10 years, including the 
ability to be calibrated or customized for individual intersection locations. At scale 
considerations include streamlined maintenance and operations requirements to ensure 
equitable and sustainable safety impacts over time.  
Allow upgradeability and modularity as well as interoperability and data transfer capability with 
existing signal operating systems and traffic management systems. 
Monitor performance of the system by defining, storing, and analyzing false positives, false 
negatives, crash and near-crash rates, and other unintended consequences.  
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V. Prizes

Participants will compete for an overall Challenge prize competition (Stage 1) purse of up to $6,000,000. 
Prizes will be structured as follows: 

Stage 1A: Concept Assessment 
o Up to 10 prizes may be awarded in Stage 1A, with a maximum of one prize awarded per 

participant or team.  
o Each Stage 1A prize will have a maximum of $100,000. 
o The total value of all Stage 1A prizes will be a maximum of $1,000,000. 

Stage 1B: System Assessment and Virtual Testing 
o Multiple prizes may be awarded in Stage 1B, with a maximum of one prize awarded per 

participant or team.  
o Each Stage 1B prize will have a maximum of $1,000,000. 
o The total value of all Stage 1B prizes will be a maximum of $5,000,000. 

VI. Rules 

Note: U.S. DOT reserves the right, in its sole discretion, to (a) cancel, suspend, or modify the Challenge, 
and (b) not award any prizes if no entries are deemed worthy. 

Eligibility 

The Challenge is open to individuals and teams (participants) from the academic, research, and business 
communities including, but not limited to, universities and other institutions of higher learning, research 
institutions, technology companies, and entrepreneurs. If any potential prize winner is found to be 
ineligible for any reason, including for failure to comply with Challenge rules, an alternate winner may 
be selected. 

To be eligible to win a prize under this Challenge, an individual or entity (participant): 

1. Shall register to participate in the Challenge under the rules as outlined in this document. 
2. Shall comply with all the requirements under this announcement and any subsequently 

announced rules for the prize competition. 
3. In the case of a private entity, shall be incorporated in and maintain a primary place of business 

in the United States or U.S. territory,  
4. In the case of an individual, whether participating singly or as a part of a team, shall be a citizen 

or permanent resident of the United States or U.S. territory. 
5. Shall not be a DOT employee; and 
6. Shall not be another Federal entity or Federal employee acting within the scope of their 

employment (all non-DOT Federal employees must consult with their agency Ethics Official to 
determine whether Federal ethics rules limit or prohibit the acceptance of a cash prize 
stemming from a Federally sponsored prize competition). 

In addition, these two restrictions apply to recipients of other Federal funds: 
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1. Federal grantees or recipients of Federal cooperative agreements may not use Federal funds to 
develop submissions for this Challenge unless consistent with the purpose of their grant award 
or cooperative agreement; and 

2. Federal contractors may not use Federal funds from a contract to develop prize competition 
applications or to fund efforts in support of a prize competition submission. 

Note: DOT reserves the right to disqualify any submission that it deems, in its discretion, to violate these 
Official Rules, Terms & Conditions. 

Liability and Insurance Requirements 

By registering and entering a submission, each participant agrees to assume any and all risks and waive 
claims against the Federal Government and its related entities, except in the case of willful misconduct, 
for any injury, death, damage, or loss of property, revenue, or profits, whether direct, indirect, or 
consequential, arising from their participation in this competition, whether the injury, death, damage, or 
loss arises through negligence or otherwise. By registering and entering a submission, each participant 
further represents and warrants that it possesses sufficient liability insurance or financial resources, to 
the extent permitted by applicable law, to cover claims by a third party for death, bodily injury, or 
property damage or loss resulting from any activity it carries out in connection with its participation in 
this competition, or claims by the Federal Government for damage or loss to government property 
resulting from such an activity. Competition winners shall be prepared to demonstrate proof of 
insurance or financial responsibility in the event DOT deems it necessary. 

Payment of the Prize 

Cash prizes awarded under this Challenge will be paid to the individual or Team Lead directly by DOT 
through electronic funds transfer. Winner(s) will be responsible for any applicable local, State, and 
Federal taxes and reporting that may be required under applicable tax laws. The DOT will comply with 
the Internal Revenue Service withholding and reporting requirements, where applicable. 

Confidential and Business Information 

Challenge submissions and communication with DOT are subject to the Freedom of Information Act 
(FOIA, 5 USC 552). If the application includes information that the applicant considers to be a trade 
secret or confidential commercial or financial information, the applicant should do the following: (1) 

enote the CBI portions. DOT protects such 
information from disclosure to the extent allowed under applicable law. In the event DOT receives a 
FOIA request for the information, DOT will follow the procedures described in its FOIA regulations at 49 
CFR 7.29. Only information that is ultimately determined to be confidential under that procedure will be 
exempt from disclosure under FOIA. DOT may proactively publish any application information that is not 
marked as CBI. 

Representation, Warranties, and Indemnification 

By entering the Challenge, each Applicant represents, warrants, and covenants as follows: 

 Applicant is the sole author, creator, and owner of their Submission; 
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 The Submission is not the subject of any actual or threatened litigation or claim; 
 The Submission does not and will not violate or infringe upon the intellectual property rights, 

privacy rights, publicity rights, or other legal rights of any third party; 
 The Submission does not and will not contain any harmful computer code (sometimes referred 

 
 The Submission, and contestants use of the Submission, does not and will not violate any 

applicable laws or regulations. 

If an Applicant is unable to make any of the warranties as stated above, Applicant must provide a clear 
written explanation of the reason(s) it cannot make any specific warranty. DOT will, in its sole discretion, 
determine whether such explanations are sufficient. 

Intellectual Property of Submissions 

Applicants can utilize intellectual property developed prior to this prize competition as a part of their 
Submission. Neither the DOT nor anyone acting on its behalf will obtain any rights in intellectual 
property developed prior to or during Stage 1A or Stage 1B of this prize competition without the prior 
written consent of the Participant. By participating in the prize competition, the Participant is not 
granting rights in any patents, pending patent applications, or copyrights related to the technology 
described in their submission. However, by submitting their entry, the Participant is granting the DOT 
and any parties acting on its behalf certain limited rights as set forth herein. 

By virtue of their submission to this prize competition, Participants grant to DOT and any parties acting 
on their behalf the right to: 

1. Review, screen, and evaluate submitted materials in per the Judging Criteria as detailed below. 
2. Describe the Submission in any materials created in connection with this prize competition. 

Participant 

includes posting or linking to the 
DOT websites, including the Challenge website, and inclusion of the 

right to copy, distribute, publicly display, and publicly perform all parts of Participa that 
would not otherwise be exempt from disclosure under FOIA. 

VII. Judging 

Stage 1A Judging Criteria 

Four judging criteria will be used in Stage 1A.  All criteria have approximately the same weight. Only 
submissions that meet the eligible criteria (see Section VI, Eligibility) will be evaluated.  

Technical Merit 

The proposed Intersection Safety System (ISS) Concept demonstrates a technically feasible and 
compelling path to prototype testing and development that: 
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o satisfactorily addresses all Minimum ISS Capabilities (see Section IV) 
o meets or exceeds all High-Level ISS Requirements (see Section IV) 

The proposed concept provides a technically feasible and compelling solution for suitably robust 
detection, localization, and classification of both vehicles and vulnerable road users in real-time 
(see Section II, Vulnerable Road Users). The proposed classification is sufficiently refined to 
differentiate sub-categories of vulnerable road users and vehicles relevant to intersection 
control. 
The proposed ISS concept has a technically feasible and compelling approach to both monitor 
and anticipate individual vehicle and vulnerable road user path, pace, and progress while in and 
near the intersection in real-time. 
The ISS Concept Paper identifies the most relevant technical risks associated with the proposed 
approach and provides viable mechanisms for the avoidance, elimination, or mitigation of these 
risks with further development. 

Deployment Suitability 

The proposed concept (or its component elements) can be readied to initiate physical system 
prototyping at the time Stage 2 is scheduled to begin -- and potential replication and deployment 
at scale within ten years. 
The ISS Concept Paper clearly identifies the specific intersection conditions under which the 
proposed ISS could be cost-effectively deployed. This includes the clear identification of the 
specific types of intersection geometry/configuration, intersection control system and features, 
built environment and land-use, vulnerable road user and vehicular demand levels, and any/all 
assumptions made regarding where the proposed ISS concept could be cost-effectively deployed. 

o Note that a single, comprehensive ISS solution, while desirable, is not required. ISS 
concepts tailored to specific high-risk intersection types are encouraged if these specific 
intersection types are suitably prevalent across the nation. 

The ISS Concept Paper provides a sufficiently detailed assessment of projected ISS costs of at-
scale deployment (see Section IV). The supporting narrative provides evidence that ISS costs per 
intersection can be reduced to a level compelling enough to encourage broad nationwide 
deployment at high-risk intersections.  
The ISS Concept Paper provides a compelling approach to interoperable deployment at scale, 
including the utilization of existing communication protocols, relevant standards, and a solution 
for communication and integration among adjacent intersections. 

Alignment with Challenge Vision 

The proposed ISS concept is aligned with the vision of the Challenge, namely to: 
o transform intersection safety through the development of one or more innovative 

intersection safety systems that identify, predict, and mitigate unsafe conditions 
involving vehicles and vulnerable road users in real-time. 

Participant Team Organization and Qualifications 

Team composition and leadership are clearly presented, including a single overall team 
leader/point-of-contact (including e-mail and phone information). All team members 
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(individuals and organizations) are clearly identified. DOT will communicate with individual 
participants and participant teams through the single team leader designated. 
Team experience and qualifications with relevant technologies and systems are sufficient to 
advance the concept through virtual testing successfully. Specifically, team expertise and 
qualifications are sufficient to:  

o identify, describe, and mitigate ISS technical risk (see Technical Merit criterion above), 
and 

o accurately assess the timeline for prototyping and deployment of the candidate ISS (see 
Deployment Suitability criterion above). 

Stage 1B Judging Criteria 

Stage 1B judging criteria are expected to be similar to Stage 1A judging criteria. Complete Stage 1B 
judging criteria will be provided when Stage 1B is initiated. 

VIII. How to Enter  Stage 1A 

TIP: The system times out after 20 minutes of inactivity, so be sure to click "Save Draft' often to save 
your work. The submission package consists of a single Concept Paper uploaded to 
https://www.challenge.gov/?challenge=us-dot-intersection-safety-challenge:  

Concept Paper:  All submitted materials must be contained in a single PDF file consisting of a maximum 
of 15 pages and no larger than 8MB in total file size.  Note that the page and file size limit is absolute. 

Note: The 15-page limit INCLUDES any/all materials submitted, including images and diagrams. A 
cover page, if included, will count against the 15-page limit.  Submissions over the 15-page limit 
will not be accepted and will be ineligible for prizes. 
Note: Submitted materials in excess of 8MB in total file size will not be accepted and will be 
ineligible for prizes. 

There is no required format for this submission, but respondents should carefully consider how their 
submission addresses the Stage 1A judging criteria (above) and provides all of the information necessary 
for the evaluation of the concept and the capability of the respondents. 

Text in the Concept Paper may be no smaller than 11-point font size with 1" margins. Text in tables or 
graphics of any font size are acceptable provided they are legible. 

Please contact safeintersections@dot.gov if you experience any technical difficulties while submitting 
your proposal. Emails received after 5:00 PM ET may not receive a response until regular business hours 
resume. 
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I. Summary

Improving the safety of pedestrians, bicyclists, and other vulnerable road users is of critical importance 
to achieving the objectives of the U.S. Department of Transportation (DOT) National Roadway Safety 
Strategy (NRSS) and DOT's vision of zero fatalities and serious injuries across our transportation system. 
According to data from the National Highway Traffic Safety Administration (NHTSA), 10,626 traffic 
fatalities occurred at roadway intersections in the United States in 2020, including 1,674 pedestrian and 
355 bicyclist fatalities. These fatalities at intersections represent 27% of the total of 38,824 road traffic 
deaths recorded in 2020. Preliminary estimates for 2021 point to further increases, with pedestrian 
fatalities up 13% and pedalcyclist fatalities up 5% compared to 2020 (NHTSA, May 2022). 

In response to these growing concerns and as part of continued implementation of the NRSS, the 
DOT Intersection Safety Challenge  aims to transform intersection safety by 
incentivizing the innovative application of new and emerging technologies to identify and mitigate 
unsafe conditions involving vehicles and vulnerable road users at intersections. The Challenge 
complements other Federal efforts to improve intersection safety, with the Challenge specifically 
focused on the use of technology. Further, the intersection environment itself is well-suited to 
innovative mitigative approaches leveraging, utilizing, and potentially repurposing existing traffic control 
and support infrastructure. 

Of particular interest in addressing intersection safety is the development of systems that apply 
emerging capabilities enabled by advanced sensing, communications technologies, and artificial 
intelligence (AI) and machine learning (ML). These include machine sensing and perception, data fusion, 
trajectory and path prediction, vehicle-to-everything (V2X) communications, and real-time decision-
making. Technological advancements in these and other areas offer an opportunity to improve 
intersection safety at scale in new and effective ways. The Challenge encourages the formation of non-
traditional teams combining expertise in emerging technologies with experience in traffic and safety 
engineering to develop new and potentially transformative intersection safety approaches. 

The Challenge also aligns with equity-related DOT priorities set forth in the Bipartisan Infrastructure Law 
(BIL). Improving intersection safety is a foundational element in enhancing equity and accessibility in 
many communities. Safe and reliable transportation, including access to and use of various 
transportation modes in and around intersections, can be a powerful engine of opportunity, connecting 
people to jobs, education, and resources. The Challenge supports DOT's equity priorities, as outlined in 
the U.S. DOT Strategic Plan for FY 2022-2026, the U.S. DOT Equity Action Plan, and the National 
Roadway Safety Strategy.  

Overall, the Challenge aims to incentivize the development of new, cost-effective, real-time roadway 
Intersection Safety System (ISS) concepts (see Section IV). Further, to set the stage for future 
deployment nationwide, the potential safety benefits relative to the estimated costs of deploying new 
system concepts must be compelling enough to motivate equitable at-scale deployment across the 
nation.  
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II. Background

The Challenge seeks to incentivize the development of transformative, innovative intersection safety 
systems employing existing and emerging technologies. Many modern control systems, including 
emerging advanced intersection control systems, are increasingly reliant on real-time decision-making 
informed by data ingested and analyzed from advanced sensor systems. This includes safety-critical 
machine decision-making where human response times may be insufficiently rapid or lack 
comprehensive situational awareness. Often, powerful new control systems combine the strengths of 
both human and machine decision-making. One relevant example of mixed human/machine control is in 
vehicle automation. Here, the confluence of developments in sensing, data fusion, and AI are creating 
new and compelling Advanced Driver Assistance Systems (ADAS) and emerging Automated Driving 
Systems (ADS). Such systems may issue warnings to a human driver or independently implement safety-
critical vehicle control decisions. 

Anticipation, Prevention, and Mitigation of Unsafe Intersection Conditions 

DOT is interested in the development of new safety systems that adapt salient emerging technologies to 
enhance real-time traffic and pedestrian control systems and support road user warning systems. Such 
safety systems are expected to anticipate, prevent, and mitigate unsafe intersection conditions, 
including impending collisions among and between vehicles and vulnerable road users. 

Anticipation, prevention, and mitigation of unsafe conditions may take place on multiple time scales 
relevant to the safety-related control decisions under consideration, including imminent collisions in the 
intersection. Preventive or mitigating decisions and actions may be tailored based on the real-time (or 
anticipated) pedestrian, bike, and vehicle patterns of travel in the intersection. For example, in 
anticipation of a surge in pedestrian demand in one or more crosswalks, intersection control systems 
could dynamically implement or prohibit unprotected vehicular intersection movements where 
appropriate vehicle control indicators are present.  These changes could be made in combination with 
complementary modifications to pedestrian and/or bike lane traffic control (e.g., extended stop or walk 
time for specific crosswalks). Modifications to control systems may be augmented with warning systems 
alerting vulnerable road users and/or drivers.  Additional tailored warnings may be transmitted for 
wirelessly connected vehicles and mobile devices able to interpret and act on standardized safety-
related messages. Finally, detailed data on categorized road user demand (including individual vehicle 
trajectory and/or user paths through and around an intersection) could inform longer-term decisions 
regarding the intersection safety, including the installation of (or upgrade to) more capable traffic 
control systems, geometric changes, and/or the modification of local safety-related policies. 

Vulnerable Road Users 

The Challenge utilizes the definition of a vulnerable road user  consistent with the Highway Safety 
Improvement Program:  a non-motorist with a fatality analysis reporting system (FARS) person attribute 
code for pedestrian, bicyclist, other cyclist, and person on personal conveyance as defined in the ANSI 
D16.1-2007. (Se 23 U.S.C. 148(a)(15); 23 CFR 490.205). Under this definition, a vulnerable road user may 
include people walking, biking, or rolling but does not include a motorcyclist.  Note that this definition of 
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a vulnerable road user is specific for this Challenge. DOT considers a broader definition in some studies 
and/or countermeasure development depending on the circumstances. 

For the Challenge, vulnerable road users are defined in accordance with this definition as pedestrians, 
cyclists, and most micro-mobility device users, including users of wheelchairs, scooters, skateboards, 
and other conveyances, of all ages and abilities. Likewise, for the Challenge, vehicles are defined as all 
motorized roadway vehicles including passenger cars, motorcycles, trucks, vans, public transit vehicles 
(including buses, light rail vehicles, and streetcars), and commercial vehicles. E-bikes and other micro-
mobility conveyances capable of operating above 30 miles per hour are treated as motorcycles. 

Whatever the general road user type, a critical differentiator is the class of intersection control assigned 
to an individual road user in an intersection at any point in time. For example, cyclists are vulnerable 
road users but are subject to vehicular traffic control when they travel in general roadway lanes. In a 
bike lane, a cyclist may be subject to bike-specific controls and policies that differ from general roadway 
lanes. Further, where bike lanes are present, e-bikes up to a certain size or power may utilize these lanes 
subject to local policy and regulations, and in this case may also be subject to bike-specific controls and 
policies. Generally, bikes are not allowed on sidewalks unless the cyclist dismounts. A dismounted cyclist 
pushing a bike is subject to pedestrian controls and may utilize crosswalks. Likewise, low-speed 
motorized scooters allowed under local policy to utilize sidewalks are subject to pedestrian control 
indicators, signage, and regulations. 

In this Challenge, DOT is interested in enhancing holistic intersection safety including within roadway 
lanes, bike lanes, crosswalks, and sidewalks. In particular, the Challenge seeks specific system solutions 
that can detect and classify a comprehensive range of road users in real-time and detect or anticipate 
their individual movements in or across an intersection over time. This desired capability explicitly 
includes the transition of a single individual subject from one form of intersection control to another, 
e.g., a dismounted cyclist on a sidewalk mounting a bicycle, entering a bike lane, and then traversing an 
intersection. The envisioned capabilities must also perform equally across a range of vulnerable road 
user physical characteristics, including race/ethnicity, gender, age, clothing, size, and the use of adaptive 
equipment like wheelchairs, mobility scooters, and service animals.   

Intersection Safety Improvement at Scale 

To improve intersection safety at a national scale, cost-effective safety systems are needed that can 
ultimately be suitable for broader, nationwide deployment. DOT recognizes that a technology-based 
approach is one of many potentially cost-effective approaches for improving safety at intersections. 
Cost-effective approaches are also critical to support equity and accessibility considerations, in that 
deployment, operations, and maintenance requirements must be low enough to be applied broadly 

The innovations sought in the Challenge operating in a real-time 
context are intended to augment (but not substitute for) a comprehensive suite of intersection safety 
considerations, including alternative intersection geometric design and changes to local traffic safety 
regulations and policies. The Challenge aligns with the NRSS and complements current and existing DOT 
safety efforts, such as the FHWA Complete Streets Program and FHWA Proven Safety Countermeasures. 

To better understand the technologies that could enhance intersection safety, the DOT published the 
Enhancing the Safety of Vulnerable Road Users at Intersections; Request for Information (RFI) in the 
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Federal Register (commenting closed on November 15, 2022). Specifically, the RFI sought information on 
a conceptual vulnerable road user and vehicle warning system building on existing and emerging vehicle 
automation technologies that could be implemented at intersections.  Such an intersection safety 
system concept might incorporate machine vision, perception, sensor fusion, real-time decision-making, 
AI, and V2X communications (among other possible approaches). The RFI responses pointed to a wide 
range of both existing and emerging technologies that could be integrated into intersection safety 
systems in the near-term. 

III. Challenge Vision, Objectives, and Structure 

Challenge Vision and Objectives. The vision of the Challenge is to transform intersection safety through 
the development of one or more innovative intersection safety systems that identify, predict, and 
mitigate unsafe conditions involving vehicles and vulnerable road users in real-time. 

The Challenge seeks broad innovation in real-time roadway intersection and transit right of way safety 
featuring anticipatory warning systems and other safety-countermeasures for both drivers and 
vulnerable road users. Such intersection safety systems must be cost-effective in order to expedite their
equitable deployment at scale at the highest risk intersections throughout the nation. In addition to 
technical considerations, successful systems must also consider a range of additional factors related to 
their suitability for at-scale deployment, including commercialization and mass-production feasibility, as 
well as factors related to the needs and constraints of both industry and Infrastructure Owners and 
Operators (IOOs). 

Challenge Structure. DOT anticipates an overall Challenge structure and timing similar to the one 
illustrated in Figure 1 below. (Note: The structure and timing presented is preliminary in nature and 
subject to change at any time at the sole discretion of the DOT.) 

The Challenge begins with a two-part prize competition. Participants can include individuals, 
organizations, or teams of individuals and organizations, in accordance with the eligibility criteria below. 
While not a requirement for participation, teaming is encouraged to ensure that the participants 
possess the wide range of interdisciplinary skills required to ultimately produce a viable intersection 
safety system. Teams are encouraged further to consider system requirements unique to field 
deployment (as specified or recommended by IOOs) early in the system development process. In the 
first part of the prize competition (Stage 1A), participants submit a Concept Paper describing their 
intersection safety system concept and the potential of this concept to address the vision and objectives 
of the Challenge. Up to ten (10) awards will be made in Stage 1A to participants whose submissions 
demonstrate a comprehensive understanding of the problem and who propose a compelling and 
innovative solution to the safety problem posed.   

In Stage 1B, participants will test their proposed system using real world sensor data collected on a 
. At a minimum, winners 

from the first part (Stage 1A) will be eligible to participate in the second part (Stage 1B) of the Challenge.  
Depending on the results achieved during Stage 1A, DOT may choose to broaden Stage 1B eligibility.  At 
the end of Stage 1B, if sufficiently compelling and innovative candidate intersection safety systems are 
identified, DOT may choose to fund follow-on projects in a second stage. These projects would involve 
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prototyping and demonstration of candidate intersection safety systems under a competitive Broad 
Agency Announcement (BAA) or other procurement mechanism.

Figure 1. DOT Intersection Safety Challenge Structure and Schedule (Preliminary)

DOT Intersection Safety Challenge Stage 1: Prize Competition

Stage 1A: Concept Assessment Participants submit an ISS Concept Paper (See Section VIII, How to 
Enter). Up to ten (10) well-formed, differentiable concepts scoring highest against a set of uniform 
judging criteria (see Section VI and VII, Rules and Judging, respectively) will receive a Challenge prize and 
may advance to the next part of the Stage 1 Prize Competition.

Stage 1B: System Assessment and Virtual Testing. Participants develop, train, and improve algorithms 
for the detection, localization, and classification of vulnerable road users and vehicles using DOT-
supplied sensor data collected at a controlled test intersection.  Further, participants will use these data 
and algorithms in real-time to predict future intersection conditions and identify potentially unsafe 
conditions and events. Entries will be scored using a rubric testing the accuracy of algorithms against 
observed ground truth conditions. DOT will provide information regarding the perception and prediction 
competition of Stage 1B after Stage 1A awards are made.

In addition, Stage 1B participants may also submit an ISS Concept Paper (as in Stage 1A). This may be a 
revised concept paper reflecting insights gained in participation in this prize competition.

Multiple Stage 1B submissions may receive a Challenge prize. Detailed rules and judging criteria will be 
provided prior to the start of Stage 1B.

Note: Participants are not required to demonstrate ISS deployments within real-world intersections in 
either Stage 1A or Stage 1B.

Anticipated Schedule: DOT anticipates that Stage 1 of the Challenge will proceed according to the 
tentative schedule outlined below (Table 1). Dates are subject to change with any changes being posted 

website accordingly.

Table 1. Outline of Challenge Schedule (subject to change)

Stage Description Date
1A Launch Late April 2023
1A Close September 2023
1A Selection and Awards December 2023 January 2024
1B Launch January 2024 February 2024
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Stage Description Date
1B Close December 2024
1B Selection and Awards February 2025

DOT Intersection Safety Challenge Stage 2: Potential Broad Agency Announcement (BAA) Solicitation
(optional)

Informed by the technical maturity of the intersection safety solutions offered in the Stage 1 prize 
competition and their potential to result in transformative safety impacts, DOT will determine whether 
to proceed to a second stage of the Challenge. In this potential second stage, DOT may issue a Broad 
Agency Announcement (BAA) solicitation (open to any eligible entities, whether or not an entity was a
Stage 1 participant) to develop, test, and demonstrate one or more prototype ISS. Other procurement 
mechanisms besides a BAA may also be considered for Stage 2.

IV. The Intersection Safety System (ISS) Concept

Conceptually, an ISS would be deployed at a roadway intersection to modify or adapt intersection 
controls dynamically and warn drivers and vulnerable road users of potential impending collisions
and/or conflicts. Figure 2 presents a high-level overview of the anticipated elements of an ISS concept.  
Note that the ISS System of Interest (SOI) is identified as a shaded area in Figure 2, separate from the 
road users and other intersection infrastructure outside the boundaries of the ISS. Note further that this 
is a conceptual system, and as such is not intended to be prescriptive or represent a complete design.

Figure 2. Conceptual Intersection Safety System Context Diagram
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The ISS integrates and analyzes sensor data in real-time on a computing platform that hosts the required
software elements and machine learning algorithms. The ISS ingests and analyzes sensor data to 
differentiate, classify, and localize individual vehicles and vulnerable road users in real-time. Further, the 
ISS predicts the real-time movements and future trajectories of individual vehicles and vulnerable road 
users within and in the immediate vicinity of the intersection (e.g., on adjacent sidewalks) and transit 
right of way. As mentioned above, these vehicle movements will include activities specific to transit 
vehicles and commercial vehicles. The ISS then issues coordinated messages to adapt or modify 
intersection control configurations in real-time in advance of potentially unsafe conditions and/or 
generate warnings regarding potential imminent collisions. An ISS must be capable of issuing warnings 
to drivers and vulnerable road users with no wireless connectivity. Warnings may be issued to wirelessly 
connected vehicles and vulnerable road users as well. Whether through wireless transmission of alerts 
or other methods, innovative approaches are sought to ensure that drivers and vulnerable road users 
can be alerted in an effective and timely way to prevent or mitigate unsafe conditions. 

Participants in this Challenge will be asked to consider a range of relevant technologies, assess the 
potential for re-purposing both existing and emerging technologies to create an ISS concept aligned with 
the ultimate goal of at-scale deployment within, at most, 10 years. In particular, the Challenge seeks 
solutions with the potential to be cost-effectively deployed across the nation at a large proportion of the 
highest-risk intersections. The use of commercially available sensors and associated mass-produced 
componentry (for computation, networking, connectivity, and communication) may result in lower 
system costs when deployed at scale. 

Intersection Safety System Costs. As an overarching goal, the Challenge seeks ISS solutions that utilize 
core componentry costing in the order of $10,000 (or less) per intersection at scale within 10 years 
following the end of the competition.  At scale in this instance refers to targeted deployments in the 
order of 100,000 intersections nationwide. Note: The target cost figure pertains only to the cost of ISS-
specific hardware and software for the SOI elements shown in Figure 2. Costs associated with the 
existing intersection geometrics, traffic control systems, power, communications backhaul, and other 
considerations outside the SOI in Figure 2 are excluded from this cost target. Further, all other ISS 
development, deployment, and operational costs, including but not limited to research and 
development amortization, installation, calibration, testing, training, operations, maintenance, and 
replacement are excluded from this cost target. 

ISS Deployment Scope. A single ISS concept may not be suitable for implementation at all roadway 
intersections. The Challenge seeks one or more interoperable ISS solutions that can collectively address
a large proportion of intersections and make a significant improvement in overall road 
safety. Note that an ISS concept that is intended only for intersections with specific characteristics or 
which addresses a specific intersection safety use case may be submitted for this Challenge. Other ISS 
concepts may target a broader deployment footprint and a wider range of use cases. 

Minimum ISS Capabilities. An ISS should (at a minimum) have the following capabilities: 

Sensing and perception  The ISS must support the detection, localization, and classification of a 
number of individual vehicles and vulnerable road users simultaneously in real-time, while 
maintaining privacy protections. Sensing and perception of vulnerable road users must perform 
equally across skin tones, clothing, and other physical characteristics. An ISS perception system 
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should sense intersection activity under a range of weather and visibility conditions.  This 
includes variable ambient lighting, temperature, precipitation, visibility, glare, and other 
considerations that may impact sensing and perception. This capability may necessitate the 
utilization of diverse and/or redundant systems for higher reliability. The resolution, bandwidth, 
latency, power consumption, and cost of the vision and perception system are important 
considerations. Precise timing (derived from global navigation satellite systems [GNSS] or 
secondary or back-up sources that can be space- or land-based) may be employed. 
Vehicle and road user movement prediction  The ISS must predict the movements or 
trajectories of multiple vehicles and vulnerable road users in and near the intersection in real-
time. Simultaneous road user and vehicle movements must be predicted contemporaneously to 
identify potential unsafe conditions or impending conflicts or collisions. The ISS shall detect 
potential collisions or other unsafe conditions and plan feasible mitigating actions that reflect a 
number of common intersection scenarios.  Scenarios should be considered where road users 
both conform to intersection control direction (e.g., a pedestrian who waits to enter a crosswalk 
until a WALK signal is given), as well as cases where road users deviate (e.g., a pedestrian 
entering a crosswalk before a WALK signal is given). 
Data handling and storage  The ISS must be capable of managing the volume, bandwidth and 
variety of data required to enable all minimum capabilities. This includes event reporting 
covered below. This also includes data storage and archiving requirements, with attention paid 
to anonymization, privacy, and cybersecurity threats. Local storage as well as cloud- or edge-
based data management systems may be considered. 

o Note that the ISS itself must be capable of independent data management supporting 
the functions related to real-time intersection control system adaptation and warning 
system control. Further, the ISS must be capable of providing detailed road user 
path/trajectory data (both observed and predicted) for external asynchronous safety 
engineering analysis. 

Wireless Communications and Positioning  A roadside unit or other form of infrastructure may 
be included if the proposed ISS concept utilizes some form of wireless connectivity perhaps to 
include 5G connectivity, V2X, Wi-Fi, or other near-field communications. In addition, 
infrastructure-based positioning may support GPS or its equivalent.  
Intersection control system interaction  The ISS should be capable of real-time interconnection 
with existing modern intersection control systems (assume, at minimum, compliant with 
prevailing industry standards and protocols). The ISS may specify a collection of complementary 
actions related to the classes of road users at a particular intersection where there are 
differentiable control mechanisms: e.g., traffic signal or dynamic signage for vehicles, separate 
indicators and dynamic signage for bike lane users, and pedestrian indicators. The roadside 
infrastructure may be assumed to provide secure interconnection to the intersection traffic 
signals (via a signal cabinet for example) and to a central traffic management system for that 
jurisdiction (potentially through a wireless or fiber optic link). 
Warning system  The ISS must feature a vulnerable road user and vehicle warning system (or 
both vulnerable road user and vehicle warning systems). Such a warning system(s) may require 
one or more alarm types ranging from audible alarms, visual alerts, and other more advanced 
real-time alerts, such as a warning to a wirelessly connected vehicle, for example. The warning 
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system(s) must be capable of alerting vulnerable road users who are visually or hearing impaired 
and offer ADA-compliant operation. Vulnerable road users cannot be assumed to have wireless 
connectivity. 
Interoperability and extensibility considerations  An interoperable and extensible ISS solution 
must not degrade the underlying existing safety of any intersection at which it is deployed. 
Interoperability considerations include integration with existing systems at intersections as well 
as coordination among neighboring intersections with a deployed ISS. Further, the ISS should: 

o be upgradeable by virtue of a modular hardware and software design; 
o use open architectures to the fullest extent possible, including features such as open-

source software and Application Programming Interfaces (API) libraries to encourage 
integration with varied control systems; 

o utilize industry-accepted software development practices; 
o be intrinsically cybersecure; and  
o maintain data privacy protections. 

o Event reporting for performance measurement and system improvement  Interaction between 
the ISS and the intersection control system must support recording both crash and near-miss 
events, including tagging those events to support further safety and operations analysis at the 
central traffic management system.  This includes supporting retrospective analyses of false-
positive and false-negative warnings, unintended consequences, and site-specific tailoring or 
optimization. 

High-Level ISS Requirements. An ISS should have the following high-level capabilities:  

Anticipate potential unsafe conditions and identify appropriate and timely traffic control system 
plans that can prevent or mitigate these conditions. 
Provide warnings to vehicles and vulnerable road users reliably, minimizing false positive and 
false negative warnings. Warnings must be provided in a way that all vulnerable road users and 
drivers may be alerted, whether they are wirelessly connected or not. 
Maintain consistent and reliable system operation and performance under a range of potential 
operational conditions (including variable weather, visibility, and pedestrian and vehicle demand 
patterns). 
Provide a cost-effective safety solution (See Section IV, ISS Incremental Costs for additional 
context) that results in a demonstrated reduction in intersection crashes and vulnerable road 
user fatalities across a variety of roadway intersections. 
Have a feasible path to rapid commercialization and deployment within 10 years, including the 
ability to be calibrated or customized for individual intersection locations. At scale 
considerations include streamlined maintenance and operations requirements to ensure 
equitable and sustainable safety impacts over time.  
Allow upgradeability and modularity as well as interoperability and data transfer capability with 
existing signal operating systems and traffic management systems. 
Monitor performance of the system by defining, storing, and analyzing false positives, false 
negatives, crash and near-crash rates, and other unintended consequences.  
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V. Prizes

Participants will compete for an overall Challenge prize competition (Stage 1) purse of up to $6,000,000. 
Prizes will be structured as follows: 

Stage 1A: Concept Assessment 
o Up to 10 prizes may be awarded in Stage 1A, with a maximum of one prize awarded per 

participant or team.  
o Each Stage 1A prize will have a maximum of $100,000. 
o The total value of all Stage 1A prizes will be a maximum of $1,000,000. 

Stage 1B: System Assessment and Virtual Testing 
o Multiple prizes may be awarded in Stage 1B, with a maximum of one prize awarded per 

participant or team.  
o Each Stage 1B prize will have a maximum of $1,000,000. 
o The total value of all Stage 1B prizes will be a maximum of $5,000,000. 

VI. Rules 

Note: U.S. DOT reserves the right, in its sole discretion, to (a) cancel, suspend, or modify the Challenge, 
and (b) not award any prizes if no entries are deemed worthy. 

Eligibility 

The Challenge is open to individuals and teams (participants) from the academic, research, and business 
communities including, but not limited to, universities and other institutions of higher learning, research 
institutions, technology companies, and entrepreneurs. If any potential prize winner is found to be 
ineligible for any reason, including for failure to comply with Challenge rules, an alternate winner may 
be selected. 

To be eligible to win a prize under this Challenge, an individual or entity (participant): 

1. Shall register to participate in the Challenge under the rules as outlined in this document. 
2. Shall comply with all the requirements under this announcement and any subsequently 

announced rules for the prize competition. 
3. In the case of a private entity, shall be incorporated in and maintain a primary place of business 

in the United States or U.S. territory,  
4. In the case of an individual, whether participating singly or as a part of a team, shall be a citizen 

or permanent resident of the United States or U.S. territory. 
5. Shall not be a DOT employee; and 
6. Shall not be another Federal entity or Federal employee acting within the scope of their 

employment (all non-DOT Federal employees must consult with their agency Ethics Official to 
determine whether Federal ethics rules limit or prohibit the acceptance of a cash prize 
stemming from a Federally sponsored prize competition). 

In addition, these two restrictions apply to recipients of other Federal funds: 
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1. Federal grantees or recipients of Federal cooperative agreements may not use Federal funds to 
develop submissions for this Challenge unless consistent with the purpose of their grant award 
or cooperative agreement; and 

2. Federal contractors may not use Federal funds from a contract to develop prize competition 
applications or to fund efforts in support of a prize competition submission. 

Note: DOT reserves the right to disqualify any submission that it deems, in its discretion, to violate these 
Official Rules, Terms & Conditions. 

Liability and Insurance Requirements 

By registering and entering a submission, each participant agrees to assume any and all risks and waive 
claims against the Federal Government and its related entities, except in the case of willful misconduct, 
for any injury, death, damage, or loss of property, revenue, or profits, whether direct, indirect, or 
consequential, arising from their participation in this competition, whether the injury, death, damage, or 
loss arises through negligence or otherwise. By registering and entering a submission, each participant 
further represents and warrants that it possesses sufficient liability insurance or financial resources, to 
the extent permitted by applicable law, to cover claims by a third party for death, bodily injury, or 
property damage or loss resulting from any activity it carries out in connection with its participation in 
this competition, or claims by the Federal Government for damage or loss to government property 
resulting from such an activity. Competition winners shall be prepared to demonstrate proof of 
insurance or financial responsibility in the event DOT deems it necessary. 

Payment of the Prize 

Cash prizes awarded under this Challenge will be paid to the individual or Team Lead directly by DOT 
through electronic funds transfer. Winner(s) will be responsible for any applicable local, State, and 
Federal taxes and reporting that may be required under applicable tax laws. The DOT will comply with 
the Internal Revenue Service withholding and reporting requirements, where applicable. 

Confidential and Business Information 

Challenge submissions and communication with DOT are subject to the Freedom of Information Act 
(FOIA, 5 USC 552). If the application includes information that the applicant considers to be a trade 
secret or confidential commercial or financial information, the applicant should do the following: (1) 

enote the CBI portions. DOT protects such 
information from disclosure to the extent allowed under applicable law. In the event DOT receives a 
FOIA request for the information, DOT will follow the procedures described in its FOIA regulations at 49 
CFR 7.29. Only information that is ultimately determined to be confidential under that procedure will be 
exempt from disclosure under FOIA. DOT may proactively publish any application information that is not 
marked as CBI. 

Representation, Warranties, and Indemnification 

By entering the Challenge, each Applicant represents, warrants, and covenants as follows: 

 Applicant is the sole author, creator, and owner of their Submission; 
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 The Submission is not the subject of any actual or threatened litigation or claim; 
 The Submission does not and will not violate or infringe upon the intellectual property rights, 

privacy rights, publicity rights, or other legal rights of any third party; 
 The Submission does not and will not contain any harmful computer code (sometimes referred 

 
 The Submission, and contestants use of the Submission, does not and will not violate any 

applicable laws or regulations. 

If an Applicant is unable to make any of the warranties as stated above, Applicant must provide a clear 
written explanation of the reason(s) it cannot make any specific warranty. DOT will, in its sole discretion, 
determine whether such explanations are sufficient. 

Intellectual Property of Submissions 

Applicants can utilize intellectual property developed prior to this prize competition as a part of their 
Submission. Neither the DOT nor anyone acting on its behalf will obtain any rights in intellectual 
property developed prior to or during Stage 1A or Stage 1B of this prize competition without the prior 
written consent of the Participant. By participating in the prize competition, the Participant is not 
granting rights in any patents, pending patent applications, or copyrights related to the technology 
described in their submission. However, by submitting their entry, the Participant is granting the DOT 
and any parties acting on its behalf certain limited rights as set forth herein. 

By virtue of their submission to this prize competition, Participants grant to DOT and any parties acting 
on their behalf the right to: 

1. Review, screen, and evaluate submitted materials in per the Judging Criteria as detailed below. 
2. Describe the Submission in any materials created in connection with this prize competition. 

Participant 

includes posting or linking to the 
DOT websites, including the Challenge website, and inclusion of the 

right to copy, distribute, publicly display, and publicly perform all parts of Participa that 
would not otherwise be exempt from disclosure under FOIA. 

VII. Judging 

Stage 1A Judging Criteria 

Four judging criteria will be used in Stage 1A.  All criteria have approximately the same weight. Only 
submissions that meet the eligible criteria (see Section VI, Eligibility) will be evaluated.  

Technical Merit 

The proposed Intersection Safety System (ISS) Concept demonstrates a technically feasible and 
compelling path to prototype testing and development that: 
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o satisfactorily addresses all Minimum ISS Capabilities (see Section IV) 
o meets or exceeds all High-Level ISS Requirements (see Section IV) 

The proposed concept provides a technically feasible and compelling solution for suitably robust 
detection, localization, and classification of both vehicles and vulnerable road users in real-time 
(see Section II, Vulnerable Road Users). The proposed classification is sufficiently refined to 
differentiate sub-categories of vulnerable road users and vehicles relevant to intersection 
control. 
The proposed ISS concept has a technically feasible and compelling approach to both monitor 
and anticipate individual vehicle and vulnerable road user path, pace, and progress while in and 
near the intersection in real-time. 
The ISS Concept Paper identifies the most relevant technical risks associated with the proposed 
approach and provides viable mechanisms for the avoidance, elimination, or mitigation of these 
risks with further development. 

Deployment Suitability 

The proposed concept (or its component elements) can be readied to initiate physical system 
prototyping at the time Stage 2 is scheduled to begin -- and potential replication and deployment 
at scale within ten years. 
The ISS Concept Paper clearly identifies the specific intersection conditions under which the 
proposed ISS could be cost-effectively deployed. This includes the clear identification of the 
specific types of intersection geometry/configuration, intersection control system and features, 
built environment and land-use, vulnerable road user and vehicular demand levels, and any/all 
assumptions made regarding where the proposed ISS concept could be cost-effectively deployed. 

o Note that a single, comprehensive ISS solution, while desirable, is not required. ISS 
concepts tailored to specific high-risk intersection types are encouraged if these specific 
intersection types are suitably prevalent across the nation. 

The ISS Concept Paper provides a sufficiently detailed assessment of projected ISS costs of at-
scale deployment (see Section IV). The supporting narrative provides evidence that ISS costs per 
intersection can be reduced to a level compelling enough to encourage broad nationwide 
deployment at high-risk intersections.  
The ISS Concept Paper provides a compelling approach to interoperable deployment at scale, 
including the utilization of existing communication protocols, relevant standards, and a solution 
for communication and integration among adjacent intersections. 

Alignment with Challenge Vision 

The proposed ISS concept is aligned with the vision of the Challenge, namely to: 
o transform intersection safety through the development of one or more innovative 

intersection safety systems that identify, predict, and mitigate unsafe conditions 
involving vehicles and vulnerable road users in real-time. 

Participant Team Organization and Qualifications 

Team composition and leadership are clearly presented, including a single overall team 
leader/point-of-contact (including e-mail and phone information). All team members 
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(individuals and organizations) are clearly identified. DOT will communicate with individual 
participants and participant teams through the single team leader designated. 
Team experience and qualifications with relevant technologies and systems are sufficient to 
advance the concept through virtual testing successfully. Specifically, team expertise and 
qualifications are sufficient to:  

o identify, describe, and mitigate ISS technical risk (see Technical Merit criterion above), 
and 

o accurately assess the timeline for prototyping and deployment of the candidate ISS (see 
Deployment Suitability criterion above). 

Stage 1B Judging Criteria 

Stage 1B judging criteria are expected to be similar to Stage 1A judging criteria. Complete Stage 1B 
judging criteria will be provided when Stage 1B is initiated. 

VIII. How to Enter  Stage 1A 

TIP: The system times out after 20 minutes of inactivity, so be sure to click "Save Draft' often to save 
your work. The submission package consists of a single Concept Paper uploaded to 
https://www.challenge.gov/?challenge=us-dot-intersection-safety-challenge:  

Concept Paper:  All submitted materials must be contained in a single PDF file consisting of a maximum 
of 15 pages and no larger than 8MB in total file size.  Note that the page and file size limit is absolute. 

Note: The 15-page limit INCLUDES any/all materials submitted, including images and diagrams. A 
cover page, if included, will count against the 15-page limit.  Submissions over the 15-page limit 
will not be accepted and will be ineligible for prizes. 
Note: Submitted materials in excess of 8MB in total file size will not be accepted and will be 
ineligible for prizes. 

There is no required format for this submission, but respondents should carefully consider how their 
submission addresses the Stage 1A judging criteria (above) and provides all of the information necessary 
for the evaluation of the concept and the capability of the respondents. 

Text in the Concept Paper may be no smaller than 11-point font size with 1" margins. Text in tables or 
graphics of any font size are acceptable provided they are legible. 

Please contact safeintersections@dot.gov if you experience any technical difficulties while submitting 
your proposal. Emails received after 5:00 PM ET may not receive a response until regular business hours 
resume. 
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