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1. Description of Problem
Walking and biking historically have been important means of transportation and recreation in the United
States. Unfortunately, we have built our road network to transport as many people and goods as
possible, and as quickly as possible. We therefore see six to eight lane arterials with speed limits over
40 mph even in residential neighborhoods and mixed-use facilities. As such, we are often discouraged
to walk and bike, and pedestrians and bicyclists, aptly named as vulnerable road users, run a high risk
of being involved in a crash. In 2015, 5,376 pedestrians and 818 bicyclists were killed in crashes with
vehicles, accounting for over 17% of all fatalities in the US. While walking accounts for only 10.9% of
all trips taken in the US, pedestrian fatalities constitute nearly 18% of all traffic fatalities. Similarly,
bicycling accounts for only 1% of all trips, while bicycle fatalities constitute over 2% of all traffic fatalities.
Influenced by year-round moderate climate, walking and biking are popular activities in Florida. While
Florida is only 6% of the total US population, the state accounts for 17% and 11% of bicyclist and
pedestrian fatalities, respectively, in the country (FDOT, 2016). Being one of the six most populated
counties in Florida, Miami-Dade experiences the highest number of crashes involving pedestrians and
bicyclists. Considering the immediate attention required on improving the safety of vulnerable road
users, pedestrian and bicycle facilities such as crosswalks, sidewalks, bike tracks, and bike lanes have
frequently been constructed as a means of improving their safety, and promote the sense of security
while walking and biking. In fact, pedestrian and bicycle safety is an emphasis area within the Florida’s
2016 Strategic Highway Safety Plan. Although Florida Department of Transportation (FDOT) has been
consistently implementing traditional engineering countermeasures to improve the safety of pedestrians
and bicyclists, it is time to explore non-traditional strategies involving innovative and smart technologies.
These smart technologies focus on proactively improving safety and mobility of vulnerable road users
by reducing the number of conflicts between pedestrians/bicyclists and other motorists. Since,
signalized intersections experience a disproportionately high number of crashes involving vulnerable road
users, this proposal attempts to explore the potential use of the state-of-the-art smart transportation
technologies to improve the safety and mobility of pedestrians and bicyclists at signalized intersections.
2. Description of Solution
This proposal attempts to address the safety and mobility issues pertaining to vulnerable road users
through the use of connected vehicle (CV) technology and smartphone application. CVs use vehicleto-vehicle (V2V), vehicle-to-infrastructure (V2I), and infrastructure-to-vehicle (I2V) communication to
exchange information between vehicles, drivers, bicyclists, pedestrians, and the roadside infrastructure.
The proposed plan will seamlessly be applicable to all vulnerable road users including an average
bicyclist who might not even understand the rules, or nuances of safely navigating through an
intersection. This proposal specifically focuses on signalized intersections. Since the issue has many
aspects, this proposal focuses on three specific real-world scenarios that emphasize on mobility and
safety aspects of vulnerable road users.
2.1 Scenarios
Scenario A: A distracted pedestrian crossing a signalized intersection when the conflicting driver has
the right-of-way (RoW).
Pedestrians, much like drivers, have always been
engaged in multi-tasking like using hand-held devices,
listening to music, snacking, or reading while walking. This
risky behavior may cause them to step in front of traffic at
a signalized intersection when they do not have the RoW.
Under this circumstance, the vehicle will respond using
the automatic pedestrian collision avoidance system
(APCAS). The APCAS is an emerging safety technology
that provides automatic braking for vehicles when
pedestrians are in the forward path of the vehicle’s route,
and the driver has taken insufficient action to avoid an
imminent collision (see Figure on the right). The APCAS
system uses information from forward-looking sensors to
automatically apply or supplement the brakes in certain
driving situations in which the system determines that a
pedestrian is in imminent danger of being hit by the
vehicle.
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This scenario could be achieved in three ways, i.e., the pedestrian might have a smartphone application
that sends information about his/her location to the On-Board Units (OBUs) in the vehicles in close
proximity, or the vehicle will automatically detect the pedestrian through its forward cameras. The third
detection mechanism could be through the Road Side Unit (RSU), and in case of absence of sufficient
time for the signals to be changed, the RSU will communicate that information to the OBUs, thereby
letting drivers take proactive measures to avoid a potential collision with the pedestrian.
Scenario B: Bicyclists initiating a left-turn/U-turn maneuver at a signalized intersection
Intersections present critical challenges and risky
conditions for bicyclists, especially when they are
initiating turning maneuvers. In general, bicyclists are
usually encouraged to ride on the right-most lane.
Further, according to Florida traffic laws, bicyclists are
entitled to using full lane while preparing to make a leftturn. To turn left at an intersection, bicyclists need to
cross multiple lanes multiple times; bicyclists need to go
from right-most lane to the left-most lane, make a left,
and again go from the left-most lane to the right-most
lane. All these maneuvers have to be shared with
vehicles, and present critical and risky conflicts to
bicyclists considering the fact that they ride at a relatively
slower speed than other motorists. Moreover, unlike
vehicles, most bikes do not have rear-view mirrors,
forcing the bicyclists to continuously look back while
making turning maneuvers at signalized intersections.
Bicyclists, through the smartphone application or smartphone OBUs, can send information to signals,
vehicles, and RSUs within the vicinity of the intersection. Information disseminated by the bicyclists can
include the maneuver he/she is intending to make (left turn in this case), approaching speed, and the
amount of time remaining for him/her to arrive at the intersection. The information disseminated by the
bicyclist will make motorists within the vicinity of the intersections be aware, and hence prepare to yield
for the bicyclist while he/she initiates the left-turn maneuver.
Scenario C: Bicyclists approaching an intersection during off-peak period
Bicyclists riding during early morning hours when
there is not much traffic on the road face two major
issues at signalized intersections. First, bicyclists
cannot be detected by the traditional loop detectors,
and are forced to wait for a long time to get the RoW,
especially at intersections with demand-actuated
signals. Second, when there is no traffic in the early
morning hours, the bicyclists are unnecessarily
required to stop at signalized intersections and wait
for the signal to turn green. It would be good if the
bicyclists are detected a few hundred feet upstream
of an intersection, and the signal is preempted to give
the RoW to the bicyclist by the time he/she reaches
the intersection. This is of course only applicable
when there is no traffic in the conflicting approaches.
This scenario attempts to allow bicyclists
approaching an intersection to continue through the
intersection without stopping when there are no
vehicles in the conflicting approaches. In this
scenario, bicyclists communicate with the smart signals using either smartphone application, other
wearable GPS-enabled technologies, or smartphone OBUs. Once the signal detects the approaching
bicyclist, it confirms that there are no vehicles within the vicinity of the intersection on the opposing
approach to bicyclists. It then skips the green in that approach and give it to the approach where
bicyclists are coming from. This application will not only improve the safety (in terms of reduction of
conflicts and collisions) and mobility (in terms of travel time and delay) of bicyclists, but it will also
improve the overall performance of the intersection by minimizing the amount of unusable green.
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2.2 Case Study
This proposal attempts to explore the feasibility of using smart technology to improve the mobility and
safety of vulnerable road users at signalized intersections. The following sections outline the
implementation of the aforementioned three scenarios using micro-simulation approach.
Study Location
The S Main St located in the City of Gainesville, Florida, was chosen as the study corridor. The City of
Gainesville has been a pioneer in deploying state-of-the-art CV technology on its public roads. The
City’s SPaT Trapezium project will deploy and test CV technologies and applications along four
corridors forming a trapezium surrounding the University of Florida main campus in Gainesville.
Approximately 45 RSUs are installed along the four corridors forming a trapezium (SR 121, SR 26, US
441, and SR 24), including 27 signalized intersections broadcasting SPaT information through DSRC.
The study location in the City of Gainesville is a 0.2-mile section with four signalized intersections and
two non-signalized intersections.

Study Corridor in the City of Gainesville, Florida
This project attempts to use the information collected from the 0.2-mile study corridor in the City of
Gainesville to deploy the system in the City of Miami Beach. A total of six signalized intersections along
SR A1A are chosen for deploying this system; a 0.6-mile section from 11th St to 18th St on SR AIA.
These intersections were found to have a safety problem pertaining to pedestrians and bicyclists.

Study Corridor in the City of Miami Beach, Florida
Data Collection
The VISSIM network requires the following input variables: geometric information, traffic volumes,
signal timings, and speed data. Traffic volume data for pedestrians, bicyclists, and vehicles were
retrieved from VantageLive, a database that is maintained by the City of Gainesville. Signal timing data
were provided by the City of Gainesville. Eastbound and westbound travel time data were retrieved
from WAZE crowdsourcing data using a python script. To account for day-to-day variability, travel time
data were retrieved from WAZE for five consecutive days, May 9th to 14th, 2018. Vehicle speed data
were hence computed using the collected travel time data and the actual along-route distances between
the virtual detector stations placed in WAZE. This information was used to calibrate and validate the
VISSIM model following the FDOT simulation guidelines (FDOT, 2014).
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VISSIM Model
Researchers and practitioners have widely employed simulation applications for several purposes such
as comparison of alternatives, analyzing the impact of new developments, and estimating costs.
Simulation offers an economic and efficient way of conducting the aforementioned types of studies.
VISSIM microscopic simulation software through the add-on module PTV Viswalk was used to emulate
the interaction between pedestrians/bicyclists and vehicles. The V2I/phone application/RSU wireless
communication between pedestrians/bicyclists, vehicles, and signals were modeled using Car2X (C2X)
Application Programming Interface (API) following an algorithm developed through Component Object
Model (COM) interface.
Calibration parameters; Average standstill distance-2m, Additive part of desired safety distance-3m,
Multiple part of desired safety distance-3m, Minimum gap-5m, and Minimum gap time-3 sec, Simulation
time-1hour, Warmup period-15 minutes, Number of runs-10 runs for each random seed, walking
behavior parameters, i.e. VD-relative velocity of pedestrians, and Driving behavior such as desired
speed distributions.
3. Proposed System Architecture
This section focuses on the physical, functional, and enterprise level architecture of the proposed
applications. A majority of this information is adapted from the National ITS Architecture Version 8.
3.1 Service Package Mapping
Table 1 identifies the service package from the National ITS Architecture relevant to the proposed ITS
service, their objectives, and their performance measures.
Table 1: ITS Service Mapping
Project Mapping to Architecture Services
Project ITS
Service
Safety
Goal: To
use
proactive
TSM&O
strategies to
improve the
safety and
mobility of
pedestrians
and
bicyclists.

Architecture Service

National ITS Service Package

Objective

VS12 - Pedestrian and Bicyclist
Safety: This service integrates traffic,
pedestrian, and bicyclist information
from roadside and intersection
detectors and new forms of data from
wirelessly connected, non-motorized
traveler-carried mobile devices to
request RoW, inform non-motorized
travelers when to cross and how to
remain aligned with the crosswalk bike
lane, and warn them about possible
infringement of the crossing or bike
lane by approaching vehicles based on
real-time Signal Phase and Timing
(SPaT) and MAP information.

Reduce crashes at
intersections
Reduce crashes due to
red-light running
Reduce the number of
pedestrian/bicycle crashes
by 30% by the year 2020.
Decrease average delay
for pedestrians and
bicyclists on primary
ped/bike routes by 10% by
the year 2020.

Performance
Measure
Number of crashes
at signalized
intersections.
Number of crashes
related to red-light
running.
Number of
pedestrian/bicycle
crashes.
Average delay for
pedestrians and
bicyclists on primary
ped/bike routes.

3.2 Physical Object and Functional Object Mapping
Table 2 identifies the physical objects and their functional objects. This ITS inventory is not very detailed
because this will increase the level of effort required to maintain the regional ITS architecture later.
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Table 2: Physical and Functional Object Mapping

VS12: Pedestrian and Bicyclist Safety and Mobility

Project
ITS
Service

Physical Object

Description

ITS Roadway Equipment
(Pedestrian Detectors and collision
avoidance detection system)

Monitors traffic conditions using fixed
equipment such as loop detectors and
collision avoidance systems, and
supports direct communications
between RSUs

Personal Information Device
(Smartphones, Apps: TravelSafely)

The 'Personal Information Device'
provides the capability for travelers to
receive formatted traveler information
wherever they are

Vehicle OBU: Vehicles and
Bicycles/Pedestrians (APCAS)
Assumption: Vehicles have APCAS
installed, and they follow the proper
communication protocols to
exchange information with RSUs.

Connected Vehicle Roadside
Equipment

Traffic Management Center

OBU provides the vehicle-based
sensory, processing, storage, and
communications functions that support
efficient, safe, and convenient travel.

Functional Object
Roadway Mixed Use Crossing Safety: It provides advanced infrastructure
application that detects pedestrians, cyclists, and other non-motorized users
and provides active safety warnings to drivers when crosswalks or other
intersecting mixed-use paths are occupied. Also provides automatic actuation
to adapt signal timing for pedestrians and bicyclists, and/or activate pedestrian
flashing beacons.
Personal Intersection Safety: It sends personal location information to the
infrastructure that can be used to avoid collisions involving non-motorized
travelers. It may also alert the non-motorized user of unsafe conditions,
augmenting or extending information provided by signals and signs.
Vehicle Control Automation: It facilitates “Hands off” and/or “feet off” driving,
automating the steering, accelerator, and brake control functions. It uses the
information about the area surrounding the vehicle to safely control the vehicle.
Vehicle Intersection Warning: It uses V2V, V2I, V2P communications to monitor
other CVs and pedestrians/bicyclists at intersections and support the safe
movement of the vehicle and pedestrian/bicyclist through the intersection. It will
also notify the infrastructure and other vehicles and pedestrians/bicyclists if it
detects an unsafe infringement on the intersection.

Represents the Connected Vehicle
roadside devices that are used to send
messages to, and receive messages
from, nearby vehicles using DSRC, or
other alternative wireless
communication technologies.

RSU Intersection Safety: It communicates with approaching vehicles and ITS
infrastructure to alert and warn drivers of potential stop sign, red light, and nonmotorized user crossing conflicts or violations.

Monitors and controls traffic and the
road network.

TMC Intersection Safety: It controls and monitors RSUs that support stop sign,
red light, and mixed-use crossing violations. It configures the RSUs for the
current intersection geometry and traffic signal control equipment at the
intersection. It further monitors the information that is currently being
communicated to passing vehicles and pedestrians/bicyclists and the
operational status of the field equipment.
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3.3 Identify Institutions Involved
The public and private institutions involved in the project are selected based on the different physical
objects in the system. Table 3 lists the project’s ITS services, their physical objects, and the
stakeholders involved in each service.
Table 2: Stakeholder Mapping

VS12: Pedestrian and Bicyclist Safety

Project
ITS
Service

Physical
Object

Stakeholder

Element Name

Functional Area/Role

• Miami-Dade County
and Public Works

• Miami-Dade
Traffic Control
Center

• Monitor and control traffic and the
road network.

• FDOT D6

• SunGuide TMC

• Monitor and control traffic and the
road network.

• FDOT D6

• SunGuide Field
Equipment

• Roadway equipment coordination
• Traffic equipment maintenance

• Miami-Dade County
and Public Works

• Miami-Dade
Traffic Control
Equipment

• Roadway equipment coordination
• Traffic equipment maintenance

RSU

• FDOT D6

• SunGuide Field
Equipment

• Roadway equipment coordination
• Equipment maintenance

Personal
Information
Device

• Travelers

• Vehicles,
Pedestrians,
Bicyclists

• Vehicle/pedestrian/bicyclist
location determination

• App Owner: Applied
Information

• TravelSafely

• Connect travelers with city
infrastructure

TMC

ITS
Roadway
Equipment

4. Con-Ops for Improving Pedestrian and Bicyclist Safety & Mobility
4.1 Overview
This section discusses the following four elements of ConOps: system identification, document
overview, a high-level overview of the proposed system, and a brief description of the scope of effort
required to implement the proposed system.
4.1.1 Identification
This section serves as the ConOps for the Pedestrian and Bicyclist Mobility and Safety ITS Service that
could potentially be used by FDOT’s District 6 (D6) SunGuide interface and describes how proactive
ITS and TSM&O strategies can be used to improve mobility and safety of pedestrians and bicyclists in
South Florida.
4.1.2 Document Overview
The purpose of this ConOps is to describe the Pedestrian and Bicyclist Mobility and Safety ITS Service
functionalities, to communicate user needs and how the system will meet those needs, and the
proposed system expectations.
4.1.3 System Overview
The purpose of this system is to “support the sensing and warning systems used to interact with
pedestrians, bicyclists, and other non-motorized users that operate on the main vehicle roadways, or
on pathways that intersect the main vehicle roadways. These systems allow automated warning or
active protection for this class of users. It integrates traffic, pedestrian, and bicyclist information from
roadside or intersection detectors and new forms of data from wirelessly connected, non-motorized
traveler-carried mobile devices, fitbit, apple-watch, smartphone OBUs etc., to request RoW or to inform
non-motorized travelers when to cross and how to remain aligned with the crosswalk or pathway based
on real-time Signal Phase and Timing (SPaT) and MAP information.” (USDOT, 2018).
This proposed service package includes of the following subsystems:
• Traffic Management Center: This subsystem controls and monitors RSUs. It configures the
RSUs for the current intersection geometry and traffic signal control equipment at the
intersection. Information that is currently being communicated to passing vehicles and
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pedestrians/bicyclists and the operational status of the field equipment is monitored by the
following physical objects: SunGuide TMC and Miami-Dade Traffic Control Center.
•

ITS Roadway Equipment: This equipment monitors traffic conditions using fixed equipment
such as RSUs, collision avoidance detectors, loop detectors, and CCTV cameras, and supports
direct communications between field equipment.

•

Personal Information Device (TravelSafely App): It provides the capability for travelers to
receive formatted traveler information wherever they are. This application can be installed in
phones, fitbit, apple-watch, and even to portable GPS devices attached to bicycles.

•

CV Roadside Equipment: It represents the Connected Vehicle roadside devices that are used
to send messages to, and receive messages from, nearby vehicles using DSRC or other
alternative wireless communications technologies.

•

Vehicle OBU: It provides the vehicle-based sensory, processing, storage, and communications
functions that support efficient, safe, and convenient travel. It includes ‘Hands off' and/or 'feet
off' driving, automating the steering, accelerator, and brake control functions. Also, it uses V2V,
V2I, and V2P communications to monitor other connected vehicles and pedestrians/bicyclists
at signalized intersections.

•

Smartphone OBU: It provides the bicyclists-based sensory, processing, storage, and
communications functions that support efficient, safe, and convenient travel for bicyclists. It
uses V2V, V2I, and V2P communications to monitor other connected vehicles and
pedestrians/bicyclists at signalized intersections.

4.3 Current System Situation
4.3.1 Background, Objectives, and Scope
Pedestrian and bicycle safety is an emphasis area within the Florida’s 2016 Strategic Highway Safety
Plan. Streets are built to move as many vehicles as possible and as quickly as possible, with complete
disregard to pedestrian and bicyclist safety.
The main goal of implementing the proposed ITS and TSM&O strategies is to increase the safety and
mobility of vulnerable road users, i.e., pedestrians and bicyclists. The specific objectives of the proposed
system are to:
• Prevent potential collisions by making the drivers and pedestrians and bicyclists aware of the
presence of each other.
• Provide the following real-time warning data to motorized and non-motorized travelers: School
Zone Warning, Pedestrian Ahead Warning, Vehicle Approaching Crosswalk, Vehicle
Approaching Bicyclist, and Bicyclist Ahead Warning
• Provide automatic actuation to adapt signal timing for pedestrians and bicyclists, and/or activate
pedestrian flashing beacons.
• Provide real-time data to OBUs for all levels of vehicle automation so that the vehicle can make
crash avoidance maneuvers and/or alert drivers of potential conflicts.
• Increase efficiency of pedestrian/bicyclist incident detection, verification, response, and
management.
• Report pedestrian/bicyclist-vehicle crashes in real-time, and hence reduce the incident
response time.
4.3.2 Operational Constraints
The primary constraint of this system is the budget limitation. The active management of traffic (vehicles
and pedestrians/bicyclists) is expensive since it requires extensive deployment and maintenance of
various devices and technologies, and the constant vigilance of TMC operators. Efforts must therefore
be done during the pre-deployment phase of the project to identify critical intersections (intersections
with high vehicle-pedestrian/bicyclist crashes/conflicts) that can potentially benefit from using the
system.
4.3.3 Description of the Current Situation
Florida is one of the worst states in the US for pedestrian fatalities; almost all the metro areas in Florida
including Miami, Orlando, Tampa, Jacksonville, are considered to be dangerous for walking.
Nonetheless, influenced by year-round moderate climate, walking and biking are quite common in
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Florida. However, our streets are built to move as many vehicles as possible and as quickly as possible,
with complete disregard to the safety and mobility of pedestrians and bicyclists.
Understanding the seriousness of this issue, efforts are being undertaken to improve pedestrian safety
in Florida. In fact, pedestrian and bicycle safety is an emphasis area within the Florida’s 2016 SHSP.
Nonetheless, the problem persists. In addition to the traditional reactive approaches, proactive
measures, innovative strategies, and design alternatives (e.g., complete streets) are needed to address
this serious issue. These approaches may include the use of sensorial pedestrian detection
technologies that does not require physical actuation by pedestrians, use of smartphone applications
as a warning device in case of a potential risk of a collision, automatic pedestrian collision avoidance
system in vehicles, etc. This project aims at studying the feasibility of utilizing these proactive strategies
in improving the safety and mobility of pedestrians and bicyclists at signalized intersections in South
Florida.
4.3.4 Reference for the Development of V2P-based Safety Systems
The National Highway Traffic Safety Administration (NHTSA) conducted a research project to identify
potential pre-crash scenarios that represent crash avoidance opportunities for vehicle-to-pedestrian
(V2P) communication technologies. NHTSA also identified crash contributing factors, such as physical
settings, environmental conditions, driver, and pedestrian characteristics, which will help in the
identification of V2P crash avoidance system’s functional requirements, minimum performance
specifications, and initial safety benchmarks. Using this information, pedestrian safety systems may
alert the driver, the pedestrian, or activate automatic vehicle control to avoid crashes. This research
was conducted so that groups currently researching and prototyping different V2P-based safety
systems have a basis to determine which technologies are useful in preventing or mitigating crashes
involving pedestrians.
4.4 Justification
V2P communication technology and safety applications allows to make the driver and pedestrian aware
of the presence of each other to potentially prevent or mitigate crashes and improve mobility.
4.5 Concepts for the Proposed System
4.5.1 Background, Objectives, and Scope
The Pedestrian and Bicyclists Safety ITS service provides the following functionalities to meet the
objectives listed in Section 4.3.1:
• Roadway Mixed-use Crossing Safety: This function enables the system to detect nonmotorized travelers and provide safety warnings to drivers. This function also allows
pedestrians to request crossing permission without physical actuation.
•

Personal Intersection Safety: It uses pedestrian personal location information to communicate
with the infrastructure and motorized travelers to make the driver and pedestrian aware of the
presence of each other and warn both motorized and non-motorized travelers of unsafe
conditions. Its different functions allow to detect pedestrians, bicyclists, and other nonmotorized users and provides active safety warnings to drivers when crosswalks or other
intersecting mixed-use paths are occupied, provide automatic actuation to adapt signal timing
for pedestrians and bicyclists, and/or activate pedestrian flashing beacons.

•

Vehicle Control Automation: OBU provides the vehicle with the capabilities of receiving and
processing data from the surrounding area and from the RSUs so that the automated vehicles
can make driving maneuvers to avoid or mitigate pedestrian crashes.

•

RSU Intersection Safety: It communicates with approaching motorized and non-motorized
travelers to alert and warn them of stop signs, red light, or green light, and crossing conflicts or
violations.

•

TMC Intersection Safety: The traffic management centers control and monitor RSUs and traffic
lights to make sure the system is working properly. These centers are responsible for the
operation and maintenance of the system.

4.5.2 Description of the Proposed System
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The proposed system focuses on improving the safety and mobility of pedestrians and bicyclists at
signalized intersections using innovative and smart technologies. The specific applications of the
proposed system are explained in detail in Section 2.1. The system will require smartphone application
design, RSUs installation, upgrading of controllers to enable receiving, processing, and dissemination
of SPaT data in real-time. Furthermore, the system will require installation of cellular communication
infrastructure, collision avoidance detectors, vehicles and smartphone OBUs. Together, these devices
have to be integrated and tested.
4.6 Operational Scenarios
Three scenarios are proposed in this project. Please refer to Section 2.1 for a detailed description.
5. COST ESTIMATE AND DEPLOYMENT TIMELINE
5.1 Cost Estimate
The total estimated cost for deploying the proposed system at 6 signalized intersections in the City of
Miami Beach is $ 936,320. Table 4 provides both the intersection-level and the system-level deployment
costs for this project. Note that a 12% contingency cost is also included to the budget. To make the
project sustainable in the long-run, a 10% of the total cost will be considered for operating and
maintaining the system.
Table 4: Cost Breakdown
Cost Item

Quantity
Cost per Unit
Intersection-level Deployment Costs
Two Road Side Units (RSUs) per intersection
12
$12,000
Controller Upgrades
6
$8,000
Cellular Communications Infrastructure
6
$4,000
Collision Avoidance System
6
$5,000
Total for 6 Intersections

Cost Estimate
$144,000
$48,000
$24,000
$30,000
$246,000

System-level Deployment Costs
Smartphone Application
-SunGuide Interface Upgrade
-10 OBUs for testing
10 Smartphone OBUs for Ped/Bike Applications for Testing
System Engineering and Design
-Engineering, Design, and Plans
-CEI, Configuration, and Integration
-Total Cost
-Contingency @12%
--

--10
10

$300,000
$50,000
$50,000
$40,000

$5,000
$4,000
------

$150,000
$836,000
$100,320
$936,320

FINAL COST

5.2 Deployment Timeline
The deployment of the proposed system is anticipated to take approximately 20 months. The specific
tasks and their deployment timeline include:
3 months
• Stakeholder Consultation and Needs Assessment
•
•
•

ConOps Document, Systems Engineering Management Plan, and Request
for Proposal Document Preparation, and Preliminary Engineering
Procurement Process
Design-Build for Implementation

6 months
4 months
8 months

Note that the Design-build phase includes FIITT: Furnish, Install, Integrate, Test, and Train.
6. ANTICIPATED IMPACTS
The most significant impact on vulnerable road users (pedestrians and bicyclists) is the anticipated
reduction in effort to yield to other motorists while navigating through signalized intersections. The
proposed solution aims at reducing the number of conflicts and risky conditions that vulnerable road
users encounter while navigating through signalized intersections. Other expected benefits include
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improvements in mobility measures (travel time, delay, and number of stops for bicyclists). Considering
the proactive nature of this proposal, other motorists are expected to decelerate and brake more
smoothly, reducing the amount of greenhouse gas emissions and utilizing fuel more efficiently. The
overall performance of the intersection is also expected to improve considering the reduction in the
number of conflicts, delay, travel time, loss of green time, and number of stops for bicyclists. Using the
traffic conflict analysis application, incidents hotspots can be identified and eventually proactive
measures to mitigate the respective conflicts can be implemented.
The most significant temporary impact will be during the deployment, testing, and independent
verification and validation phases (IV&V) of the project. Initial deployment and IV&V on the proposed
solution is proposed on a corridor with six signalized intersections in the City of Miami Beach. Further,
the effective performance of the system will depend on the proportion of vehicles with OBUs and the
APCAS and proportion of pedestrians/bicyclists with the installed smartphone application.
The following are the expected benefits of the proposed system enhancement:
• Reduction in number of total crashes and pedestrian and bicycle crashes at signalized intersections.
• Reduction in number of crashes due to red-light running.
• Decrease in average delay for pedestrians and bicyclists on primary ped/bike routes.
• Improved average travel time during peak periods.
• Improved average travel time during off-peak periods for bicyclists.
7. SUMMARY AND FUTURE ENHANCEMENTS
The proposed system improves pedestrian and bicycle safety and mobility at signalized intersections.
More specifically, the system addresses the following three scenarios:
A. Avoid a collision with a distracted pedestrian at a signalized intersection
B. Improve the safety and mobility of bicyclists initiating a left-turn/U-turn maneuver at a signalized
intersection
C. Provide signal preemption to allow bicyclists crossing the intersection with minimal delay.
The automatic pedestrian collision avoidance system is anticipated to be especially useful for distracted
pedestrians and/or drivers. To avoid being taken advantage of, a future enhancement could be an
additional detection system that will determine the at-fault road user, and issue a ticket. This could be
the beginning of a solution to mitigate incidents caused by distraction at signalized intersections.
Further, in case of a crash occurrence, the conflicts detection and analysis application can be equipped
with the ability to communicate with the incident responders, thereby saving lives and improving the
overall incident management process. Furthermore, the system can also include back-end data
analytics to record and process traffic volumes, traffic speeds, near-misses, and potential conflicts.
These data, once processed, could help identify the problematic locations for potential improvements.
These data can also be used to estimate the safety profile of the intersections which in turn could be
used by bicyclists and pedestrians while choosing their travel routes. These applications will be useful
especially for locations with dedicated bicycle lanes and with high pedestrian volumes. Note that the
recommendations provided in this proposal are scalable and applicable to the country.
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