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AASHTO Joint Subcommittee on System Mobility and Emerging
Technologies (SMET): COVID-19&TSMO Data Related Activities
Survey :
State DOT COVID-19 Response- Use of Transportation Data and Information for Decision
Makers
Use of traditional operations data for non-traditional decision-making needs
• https://www.tpm-portal.com/document/dot-covid19-data-survey/
• https://www.tpm-portal.com/wp-content/uploads/2020/06/Survey-ResultsTransportation-Data-and-Analysis-for-COVID19-Updated-04-24-20.pdf
Special Webinar :
Covid-19 Data Accessibility and Free Data Sources
https://attendee.gotowebinar.com/recording/2019291993716040707
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AASHTO Joint Subcommittee on System Mobility and Emerging
Technologies (SMET) Brief Overview
• Joint subcommittee of Committee on Transportation System Operations (CTSO) and
Committee on Performance-Based Management (CPBM).
• Collaborative relationship with the Committee on Data Management and Analytics
(CDMA)
• Forum to share how state DOTs are managing system operation and system mobility and
how performance is impacted due to current and emerging transportation technologies,
operational strategies and connected environments
• Explores system and mobility related performance, data and analytical tools, performance
communication, reporting approaches, research and related, private sector partnerships
• Examines the impacts of current and emerging system management approaches such as
Connected and Automated Vehicle (CAV) technology, Cooperative Automated
Transportation (CAT) and Mobility on Demand (MOD) programs.
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AASHTO Joint Subcommittee - System Mobility and Emerging
Technologies (SMET)
SMET Focus:
Understanding System
Impacts due to
Emerging Technologies
and Operational
Strategies
• This included use of
TSMO/Operational
data to understand
system impacts due
to Covid-19
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State DOT COVID-19 Response - Use of Transportation Data
and Information for Decision Makers
• TSMO Data became a Hot Commodity-Departments of Transportation
(DOTs) were asked for operational data to assist in understanding
changes to travel resulting from the COVID-19 pandemic.
• Media Attention & High-Level Pressures Were Mounting– Many DOTs
were asked to provide data to assist in understanding the movements
of people and goods in response to, planning of or the enforcement of
public policies such as stay at home and shelter in place orders.
• Uncertainty – Purpose & Use: What data is used for what decisions;
what is being asked (“Trying to pin the decision makers down on what
decisions are being made.” )

State DOT COVID-19 Response - Use of Transportation
Data and Information for Decision Makers
AASHTO (Standing Committees on Performance Based Management (SMET),
Systems Operation (SMET) and Planning) developed and conducted a
“best”/ “current” practice survey.
The survey focuses on uses of transportation data and information to inform
responses to COVID-19
It was proposed that this information would:
• be collated and shared with all state DOTs to enable a quick information
exchange between states
• identify questions asked, types of response approaches used and type of
data needs
• to learn what others are doing to respond to the crisis
• as well as help in preventing and slowing the spread of COVID-19.

Survey Questions: (open ended questions)
1. Is your transportation data being used to inform decision-makers about changes
in travel patterns?

1. What type of data? (Example: volume, speed, classification, O/D; Source of data?: highway
operations, ramp meter, loops, continuous count/traffic monitoring (radar, bluetooth, loops),
advance traffic signals, NPMRDS data; 3rd party probe data; real-time or near real-time or
historic)
2. What are these data used for? (Example: In many states, traffic volume data are being used
to inform public officials on changes to roadway use. Other purposes?)

2. Is your state modifying lane closures hours allowed (i.e.night to day) and duration
based on changes to traffic volume data?
3. What type of changes to truck traffic are you seeing? (increases, routing, other)
4. Have you identified data needs (more real-time, more locations, other) needed to
respond to questions regarding this crisis? (i.e., Is there an interest to seek
expansion of current data sets to answer policy questions?
1. Does your state have mechanisms (staff, expertise, contracts) to capture, process or analyze
the data quickly to provide the information needed?
2. Do you have any of the following to share: innovative methods, notable findings or
examples?

5. Anything else interesting to add or share?

Reaction to Survey Request:
• Results were gathered from March 25, 2020 to April 22, 2020
• Strong Interest• Voluntary responses were received from 38 State DOTs (or equivalents)
and Metropolitan Planning Organizations from the following states:
• Alaska, Alabama, California, Colorado, Connecticut, Delaware, District of
Columbia, Georgia, Idaho, Indiana, Illinois, Iowa, Maine, Maryland,
Massachusetts, Michigan, Minnesota, Mississippi, Missouri, Montana, North
Carolina, North Dakota, Nebraska, New Hampshire, New Jersey, New Mexico,
Nevada, Ohio, Oklahoma, Pennsylvania, South Carolina, Tennessee, Texas, Utah,
Vermont, Washington, West Virginia, and Wyoming

Survey Results: Use of traditional TSMO/operations data for
non-traditional, strategic decision-making
• Traffic volume, speed, and classification data were used by high level decision
makers to
• understand changes in travel patterns (short and long term)
• measurement of government stay-at-home order compliance

• Overall and or targeted roadway volumes; volumes near major recreation sites, before and after stayat-home orders volumes etc.

• In addition, it was used for the assessment of other COVID-19 impacts
•
•
•
•
•
•
•
•
•
•

Shifting of road construction and maintenance times & project prioritization
Utility companies/explore accelerating permitting to advance projects.
Reversible lane operations and lane closures
Forecasting of economic impacts; COVID-19 revenue impacts (gas tax, toll revenues etc.)
Volumes near major recreation sites
Allocation of first responders
FEMA’s grocery supply chain tracking- (truck volumes)
Press and media events and frequent media inquiries
Engineering consultants ask if traffic counts to be included in Traffic Impact Studies (TIS’s)
And various other needs and strategies

Survey Results: Use of traditional TSMO/operations data for
non-traditional, strategic decision-making (cont.)
Data and Other Needs
• States were split as to whether their data needs were being met to address
these rapid challenges and questions.
• Many respondents expressed that they had the mechanisms and staff to
capture, process, and analyze data quickly to respond to high level decision
makers.
• Several states indicated that they cannot (due to lack of sufficient data)
observe changes to truck traffic on their transportation system.
• Based on responses gathered, process improvements and technology
investments would assist state DOTs gather and synthesize needed real
time data.

Survey Results: Use of traditional TSMO/operations data for
non-traditional, strategic decision-making (cont.)
Data and Other Needs
• Data Fusion: merger of the various data sets by multiple owners has
created challenges to complete
• Real Time Data: “Quickly” is the key word- We are not set up for real
time data capture and reporting”.
• Data Analysis: “Very good data collection systems in place. We have
limited staff/resources to deeply analyze this data”.
• Resources: “Staff – No; Expertise – Somewhat; Contracts – No”
• Visualization and Communication: “how best to represent the probe
data in a meaningful format”

Survey Results: Use of traditional TSMO/operations data
for non-traditional, strategic decision-making (cont.)
Visualization-Use of Dashboards
• TX- “Our Traffic Data Systems vendor MS2 has created a dashboard to
provide statewide-level differences in traffic”
• UT-”Our dashboard has been very effective in communicating
changes in volumes, speeds, classification”
• MD- “UMD CATT Lab provided traffic analysis Impacts of Covid-19”
• DC- “interactive dashboard on congestion impacts-expansion in the
works”
• WA- “A dashboard is currently being developed”

Agency Example:
WSDOT’s COVID-19 Multimodal
Transportation System Performance
Dashboard
https://wsdot.wa.gov/about/covid-19-transportation-report/default.htm
Data pulled 04-06-2021

WSDOT’s COVID-19 Multimodal Transportation
System Performance Dashboard
• Significant decline in travel across all
modes of transportation after mid-March
2020
– closing schools (March 12, 2020),
– restricting gatherings to fewer than 50
people (March 16, 2020),
– and the Stay Home – Stay Healthy
Executive Order (March 25, 2020).
• Update Cycle:
Dashboard is updated by 10:30 a.m. on weekdays
(Monday through Friday).
Data displayed on Fridays, Saturdays and Sundays is
for the previous Thursday.
Data for Fridays, Saturdays and Sundays is added to
the dashboard the following Monday.

https://wsdot.wa.gov/about/covid-19-transportationreport/default.htm
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Drill Down Options
•
•
•
•
•
•
•
•
•
•

Highway traffic*
Toll Systems traffic*
Ferry ridership*
Transit ridership*
Passenger Rail
ridership*
Freight
Aviation
Active
Transportation
Safety
County Data

* executive summaries
available

https://wsdot.wa.gov/about/covid-19-transportationreport/default.htm
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Executive Summary Example: Highways
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Executive Summary Example: Toll Facilities
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Executive Summary Example: Ferries
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Executive Summary Example: Passenger Rail
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Executive Summary Example: Transit
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AASHTO Joint Subcommittee on System Mobility and
Emerging Technologies (SMET)
Reach out and join:
•
•
•
•
•

Chair, Daniela Bremmer (WSDOT) - bremmed@wsdot.wa.gov;
Vice-chair, Jay Styles (VDOT), jay.styles@vdot.virginia.gov;
Patrick Zelinski, (AASHTO - CTSO - staff lead), PZelinski@aashto.org;
Matt Hardy (AASHTO – CPBM - staff lead), mhardy@aashto.org
Rich Taylor, (FHWA, Liaison), Rich.Taylor@dot.gov

• Bi-Monthly Webinars/Virtual Meetings :
• Even Months, third Tuesday at 2:30 pm EASTERN
• Next meeting: Tuesday , April 20, 2021, 2:30 EASTERN
• Website:
• https://www.tpm-portal.com/community/cpbm/sm/
22

• Questions?
• Suggestions?
• Comments?
Resources - Covid-19 Related System Impact/Data Projects:
• Survey: State DOT COVID-19 Response: Use of
Transportation Data and Information for Decision
Makers (https://www.tpm-portal.com/resource/dotcovid19-data-survey/
• Special Webinar Covid-19 Data Accessibility and Free
Data Sources
https://attendee.gotowebinar.com/recording/20192919
93716040707
Daniela Bremmer
WSDOT, Cooperative Automated Transportation (CAT) Development Manager
Bremmed@wsdot.wa.gov
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Using Data in Strategic-level
Decision Making for TSMO: An
MPO Perspective
Chris Upchurch
Mid-America Regional Council

Funding

Project
Prioritization

Early in the project development
process

The Decision Makers

WAMPO Project Selection Criteria
Project will increase travel time reliability
If a project is solely devoted to technology or other
design features intended to increase travel time
reliablity
If at least 50% of the project budget is devoted to
technology or other design features intended to
increase travel time reliablity
If the project includes technology or other design
features intended to increase travel time reliablity

Excellent

Good

Acceptable

MARC Project Scoring
• Only difference in scoring between TSMO projects and capacity
projects is TSMO projects are not scored on LOS or AADT.

Funding

Project
Prioritization

Early in the project development
process

The Decision Makers

Cost

Data
Challenges

Timeliness

Standardization

Lack of tools

Analysis
Challenges

Proprietary analysis

Communicating data

Varying resources

Expertise
Challenges

Staff turnover

Member jurisdictions

Thank You

Questions

Using Data in Strategic Level Decision Making for TSMO
(Future Data Needs)

1

Data Buzz Words

2

Session 4 – Discussion and Outline


DATA MANAGEMENT
– Brief overview and insight
– Discussion for future needs, resources and thoughts of the group



DECISION MAKING

– Evolution of analytics and software that aid in making decisions (analytics, AI, ML)
– What external factors will affect strategic transportation decision? (4th Industrial

Revolution)
– New approaches and metrics for Strategic Transportation Decisions

3

Guided Discussion Sources


Pulling from multiple sources



Resources on NOCoE website
– Webinars, case studies, previous presentations



4

World Economic Forum

Future (or current progress) of Data Management


Webinar: Big Data Analytics in Transportation Systems Management and
Operations | National Operations Center of Excellence
(transportationops.org) – August 2018
– Bob McQueen, consultant
– Petros Xanthopoulos Ph.D. University of Florida
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Importance of Operations
Maintenance

• Operations as a significant data
generator
• SANDAG

• 1 TB per day
• Assumed 200 days per year operation
• 200 TB per annum

• Connected vehicle
• 2 ZB per annum

• The impact of operations on safety,
efficiency, and user experience
• Coordination of planning, design,
project delivery, operations, and
maintenance to deliver quality
services

Planning

Design
Project
delivery

Operations

Planning
Design
Project delivery
Operations
Maintenance
Total

Proportion of the
data originating
20%
10%
5%
50%
15%
100%
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Smart Data Management
Not So Smart Data Management

Smart Data Management

ODOT TAM & DG OVERVIEW: DG
Data Business Plans & the Data Life Cycle

Big Data

Evolution of
Computer Processors

Evolution of Computer
Storage

The Internet of Things (IoT)

Number Of Devices Connected To The Internet

*from http://www.solidsmack.com/

Future Needs of Transportation Data Management






What data management activities are on the cutting/bleeding edge within
transportation?
Identify aspects of data management that additional knowledge and
resources are needed.
Where are you and your colleagues receiving data management knowledge?
How are you obtaining it?
– Current working generation vs. students and entry level

9

Strategic Decision Making


Analytics



Machine Learning

Artificial Intelligence
 4th Industrial Revolution


6

Strategic Decision Making


Rapid evolution and capabilities
– Analytics
• Descriptive, predictive, and prescriptive
– Machine Learning
– Artificial Intelligence

10

Predictive and Prescriptive
Analytics
Petros Xanthopoulos

Analytics
• Descriptive analytics

• Prepares and analyzes historical data
• Identifies patterns from samples for
reporting of trends

• Predictive analytics

• Predicts future probabilities and trends
• Finds relationships in data that may not be
readily apparent with descriptive analysis

• Prescriptive analytics

• Evaluates and determines new ways to
operate
• Targets business objectives
• Balances all constraints

”The scientific process of transforming data into
insights for the purpose of making better decisions.”
Institute for Operations Research and Management Science (INFORMS)

Descriptive Analytics
• More than just descriptive statistics

Predictive Analytics - Clustering
• Data Categories (Labels
are not known)
• Used for
exploratory/preliminary
analysis of the data

Example Social Media Graph Clustering- LinkedIn
UF undergrad alumni
UCF faculty/staff
Graphs drawn with SociLab.com

UF grad colleagues
Stetson Faculty/Staff

Classmates
from Greece (TUC)

Prescriptive Analytics
• “Final frontier of analytic capabilities”
• Transform trends and patterns into actionable insights
• Can predictions from Data results in REAL actions???

Giving Viewers What They Want

Workload Complexity

Machine Learning and TSM&O
Growth in Query complexity, Workload mixture, Depth of
history, Number of users, Expectations

REPORTING
Historical
Performance
Reporting

ANALYZING
Mechanisms
related to
transportation
demand and
supply

Database Requirement: Analytic foundation must handle multidimensional growth!

OPERATIONALIZING
PREDICTING
Applying insights to
Future
Transportation transportation operations
Demand and
Supply

ACTIVATING
Automated transportation
back office
Eventbased
Triggering

Batch

Continuous
Update/Short Queries

Ad Hoc
Analytics

Primarily batch and
some ad hoc reports

Increase in ad
hoc analysis

Analytical
modeling
grows

Continuous update and
time-sensitive queries
become important

Single View of Transportation – Better, Faster Decisions – Drive Safety, Efficiency, User Experience

Event-based triggering
takes hold

Data Sophistication

2
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Giving Viewers What They Want
• Fact0: Netflix has 27million subscribers in the
US and 33 million worldwide.
• Fact 1: A lot of users had streamed the work
of Mr. Fincher, the director of “The Social
Network,” from beginning to end.
• Fact 2: films featuring Mr. Spacey had always
done well.
• Fact 3: British version of “House of Cards”
had done well too.

CASE
STUDY

IOWA’S COMPREHENSIVE
WORK ZONE PROGRAM
By Iowa Department of Transportation

IN THIS CASE STUDY YOU WILL LEARN:
1

2

3

How Iowa DOT developed a detailed, fiveyear Work Zone Management Service Layer
Plan to clarify the tactical areas in which the
Department should apply its limited time
and resources.
How the plan incorporates resources for
determining Traffic Critical Projects (TCP)
and provide resources for mitigation
countermeasures that integrated into the
project Design Manual.
How Iowa DOT successfully monitors
and provides feedback using Realtime Performance Monitoring, Extra
Enforcement, Smart Arrow Boards, an Iowa
Work Zone Data Hub, a Work Zone Council,
Annual Work Zone Safety Awards and
Improved Data Driven Work Zone Process
Review Procedures.

report by TRIP, a national transportation research nonprofit,
forecasts freight moved by trucks in Iowa will increase 53
percent (by value) from 2016 to 2045. Managing Interstate
and other critical regional connections to meet the needs
of existing and projected freight growth has challenged the
Iowa Department of Transportation (Iowa DOT) to focus
on minimizing the delays and improving safety associated
with highway construction.
The Iowa Department of Transportation (DOT)’s 2016
Transportation Systems Management and Operations
(TSMO) Strategic and Program Plans reinforced the Department’s need to focus on proactive work zone management as one of eight critical areas. In conjunction with
SRF Consulting Group, the Iowa DOT developed a detailed,
five-year Work Zone Management Service Layer Plan to
clarify the tactical areas in which the Department should
apply its limited time and resources. The plan elevated the
importance of work- zone management throughout the
DOT, resulting in a number of crucial activities, all of which
contribute to improving safety, the effects of delays, and
the DOT’s TSMO maturity.

BACKGROUND
Iowa, the crossroads of America’s Heartland, is an essential link in the country’s transportation network, with
Interstates 35 and 80 crisscrossing the state. A recent
NOCoE Case Study
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IOWA’S COMPREHENSIVE WORK ZONE PROGRAM
Lane Closure Planning Tool

Traffic Critical Project Program Growth

Table 2. Iowa Work Zone Management Program Capability Maturity Advancements

Table 1. TCP Criteria

TSMO PLANNING, STRATEGIES AND DEPLOYMENT
To determine which types of highway projects require additional work z one management attention, the Traffic Critical Projects (TCP) process was developed and integrated
into the Department’s Design Manual in March 2019.
The two-step process determines, 1) Does the proposed
work qualify as a TCP, and 2) Is the project designated as
Significant, which requires an added level of planning. The
criteria to determine whether a project is categorized as
TCP or Significant:
TCP
•Primary Highway System
•High Speed Multi-Lane Highway
•Work within 15’ of Edge of Slab
•AADT over 15,000 or 11,000 w/ 20% trucks
•Lane Closure Planning Tool (Figure 1) shows proposed
work exceeds capacity
Significant
•Located within a Metropolitan Planning Organization
(MPO) or Transportation Management Areas (TMA) Des
Moines, Quad Cities or Council Bluffs

NOCoE Case Study

•On an Interstate
•Lane closure lasting more than three days
An online checklist has been developed to verify the
mitigation measures that will be integrated into the TCP. A
newly developed Work Zone Reference Library also houses
a consolidated collection of practitioner resources.
•Work Zone Reference Library:
https://iowadot.gov/workzonereferencelibrary
•Lane Closure Planning Tool
•Online TCP Checklist
•TCP Section of Design Manual
Based on outcomes of the TCP process checklist, several
mitigation countermeasures are integrated into the project
Design Manual including:
•Traffic Operations Treatments (https://iowadot.gov/
design/dmanual/09f-06.pdf) – Options include extra
enforcement, contractor ingress/egress requirements,
maximum allowable delay specifications to minimize
backups, detours during full closure, and contraflow
operations to manage peak traffic volumes.
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IOWA’S COMPREHENSIVE WORK ZONE PROGRAM
•Intelligent Work Zone (IWZ) Equipment (https://iowadot.gov/design/dmanual/09f-07.pdf) – Iowa DOT is an
early adopter in requiring all IWZ equipment to seamlessly integrate with the statewide TMC’s advanced
traffic management system (ATMS). TMC operators
can visually monitor permanent field equipment and
temporary IWZ equipment simultaneously. The program
has grown from 20 TCP with 14 Intelligent Work Zone
projects in 2014 to 75 TCP and 46 Intelligent Work Zone
projects in 2020. A variety of IWZ solutions are employed, depending on specific needs:
•End-of-Queue Warning
•Monitoring Sensors
•Speed Feedback Signs
•Dynamic Truck Entering Traffic Warning System
•Portable DMS with Radar Warnings
•Travel Time Systems (including alternate routes)
•Work Zone Traffic Incident Management (TIM) Plans
(https://iowadot.gov/design/dmanual/09f-08.pdf)
•Most TCP locations, including all Interstates, are
covered by permanent TIM Plans. The TCP process
includes a TIM plan assessment to ensure adequate
response throughout the construction project. TIM
plans are created by many stakeholders including city/
county/state law enforcement, first responders, public
works, communication centers, towing and recovery,
and Iowa DOT. Beyond the content of the permanent
TIM Plans, Work Zone TIM Plans may include:
•Diversion Route Plan Modifications
•Additional Diversion Route Signing
•Temporary Cameras or Sensors
•Portable DMS
•Emergency Traffic Control Procedures
•Emergency Response Routes

COMMUNICATIONS PLANNING AND EXECUTION
Iowa DOT separates itself from others through its commitment to proactively monitor and share information on work
zone performance to mitigate unforeseen issues using
several strategies:

wide TMC, construction engineers, and law enforcement
partners. InTrans also used machine learning to develop
an application that identifies slow and stopped conditions and sends text alerts with camera images during
sustained traffic delays. This allows those responsible for
day-to-day operations to have an immediate awareness of
traffic delays.
•Extra Enforcement – While extra enforcement is considered early in project development, sometimes not
enough supplemental enforcement resources are planned.
Through Iowa DOT Motor Vehicle Enforcement, additional
officers can be shifted into problematic areas as needed.
•Smart Arrow Boards – The Iowa DOT has developed a
specification to require smart arrow boards by 2021 for Interstate and 2022 for all state highway projects. The smart
arrow boards include a GPS unit and cellular modem which
continuously reports location and status. This generates
an accurate record of lane closures and allows the TMC,
and others via data feed, to be notified automatically with
work zone closure times and locations.
•Iowa Work Zone Data Hub – Iowa DOT is partnering with
InTrans to develop a “research grade” work zone data hub
leveraging proposed standards and architecture proposed
through the FHWA National Work Zone Data Initiative.
•Work Zone Council – A cross cutting Work Zone Council
has been created within Iowa DOT to rapidly address developing issues and share new initiatives.
•Annual Work Zone Safety Awards – To highlight exemplary work and commitment, Iowa DOT has established
several work zone safety awards for a range of project
types using a variety of selection criteria that demonstrate
compliance, innovation, and stakeholder communications.
•Improved Data Driven Work Zone Process Review Procedures – Iowa DOT is improving the procedures to complete
comprehensive data driven Work Zone Process Reviews
and has been selected by the FHWA as one of three states
for a case study highlighting the value of this process.

•Real-time Performance Monitoring – In partnership with
the Institute of Transportation (InTrans) at Iowa State University, daily and weekly reports are shared with the state-

NOCoE Case Study
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IOWA’S COMPREHENSIVE WORK ZONE PROGRAM
OUTCOME, LEARNINGS AND PUBLIC BENEFIT
Results of Iowa’s comprehensive work zone management
program have been tremendous. The following highlights
how the program has helped advance Iowa DOT’s TSMO
capability maturity.
Business Processes – The TCP process is a model case
study for how DOTs should approach integrating TSMO
into routine business.
Systems & Technology – The focused work zone attention
has accelerated adoption of emerging technologies and
leverages the partnership with InTrans for specialized
expertise (e.g., machine learning).

2021 National Operations Center of
Excellence Award

APPLICATION
Iowa’s Comprehensive Work Zone Management Program
Category: Work Zones Using TSMO

Submitted To:
National Operations Center of Excellence

Performance Measurement – The routine daily and weekly
reports are a great example of empowering data-driven improvements to safety and mobility throughout the lifecycle
of a construction project.
Culture – Integrating the TCP process into the Design Manual is a major milestone with positive impact on organizational culture. Developing and integrating the processes
has involved nearly every Highway Administration Bureau.
Organization & Workforce – The Work Zone Council allows
for better communications across the department to improve how projects are planned and delivered.
Collaborative Relationships – Inside and outside the organization have improved because the TCP process forces
designers to engage traffic operations stakeholders much
earlier in project planning.
The core team members of the work zone management
program cross several bureaus within Iowa DOT including:
•Traffic Operations Bureau
•Traffic and Safety Bureau
•Design Bureau
•Construction and Materials Bureau
•Motor Vehicle Enforcement Bureau
•Iowa State University Institute of Transportation
(InTrans)

Submitted by:
Iowa Department of Transportation
December 3, 2020

515-239-1606

tim.simodynes@iowadot.us

@iowadot

www.iowadot.gov

IV.

Address:
800 Lincoln Way, Ames, IA 50010

OUTCOME S, BEN EFIT S, AND LE ARNIN GS

Results of Iowa’s comprehensive work zone management program have been tremendous. Table 2
highlights how the program has helped advance Iowa DOT’s TSMO capability maturity.
Table 2. Iowa Work Zone Management Program Capability Maturity Advancements
Capability Maturity Dimension
Work Zone Management Program Contributions
Business Processes

The TCP process is a model case study for how DOTs should approach
integrating TSMO into routine business.

Systems & Technology

The focused work zone attention has accelerated adoption of
emerging technologies and leverages the partnership with InTrans
for specialized expertise (e.g., machine learning).

Performance Measurement

The routine daily and weekly reports are a great example of
empowering data-driven improvements to safety and mobility
throughout the lifecycle of a construction project.

Culture

Integrating the TCP process into the Design Manual is a major
milestone with positive impact on organizational culture. Developing
and integrating the processes has involved nearly every Highway
Administration Bureau.

Organization & Workforce

The Work Zone Council allows for better communications across the
department to improve how projects are planned and delivered.

Collaboration

Relationships inside and outside the organization have improved
because the TCP process forces designers to engage stakeholders
much earlier in project planning.

V.

CORE TEAM MEMBERS

The core team members of the work zone management program cross several bureaus within Iowa DOT
including:
• Traffic Operations Bureau
• Traffic and Safety Bureau
• Design Bureau
• Construction and Materials Bureau
• Motor Vehicle Enforcement Bureau
• Iowa State University Institute of Transportation (InTrans)

VI.
•
•

SUPPORTING DO CUMEN TATION
TSMO Strategic and Program Plans: https://iowadot.gov/TSMO/
Work Zone Management Service Layer Plan: https://iowadot.gov/tsmo/Service-Layer-Plans
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AUBURN UNIVERSITY
2020 NOCoE Transportation Technology Tournament

Application of Deep Learning
Techniques to Detect and Estimate
the Risk of Wrong-Way Driving
(WWD) Incidents
Prepared by

Qing Chang
Yukun Song
Jiaxiang Ren
Beijia Zhang
Supervised by

Dr. Huaguo Zhou
In collaboration with

ALDOT
Submission Date: 05/15/2020
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Project Title:
Report Type:
Sponsoring
Agency:
Performing
Organization
Name:
Primary
Contact:
Faculty
advisors:

Prepared by:

Abstract

Submission
Date:

Application of Deep Learning Techniques to Detect and Estimate the Risk
of Wrong-Way Driving (WWD) Incidents
Concept of Operations (ConOps)
Transportation Technology Tournament, sponsored by the National
Operations Center of Excellence (NOCoE and the U.S. DOT ITS JPO PCB
program)
Auburn University (AU)
Qing Chang, Auburn University
qzc0010@auburn.edu
Dr.Huaguo Zhou, Ph.D., P.E., Professor, Auburn University
Name
Department
Affiliation
Qing Chang
Civil Engineering Graduate Research Assistant, AU
Yukun Song
Civil Engineering Graduate Research Assistant, AU
Jiaxiang Ren
Computer Science Graduate Research Assistant, AU
Beijia Zhang
Civil Engineering Graduate Research Assistant, AU
The report presents an effective and adaptable traffic monitoring system
designed by Auburn team based on deep learning technique which can be
qualified for various road scene. One of the most important application is
Wrong-Way driving (WWD) detection at freeway interchange terminals.
Although different agencies have implemented several kinds of WWD
detection systems such as loop detector or radar detector, the deployment
always costs too high and a long term of construction period is required. This
fact highly limited the exploration of WWD incidents at different locations.
The solution presented by this report can be used for WWD detection only
rely on basic portable road cameras. Then the computer version and tracking
technique are applied to recognize WWD movements. This system has been
tested by AU team to recognize more than 5000 hours videos from 58 partial
cloverleaf (parclo) interchanges in 11 states. Including AL, CA. TX, FL, GA,
NC, SC, AR, VA, TN, and MS. And the system identified 360 WWD
incidents from these videos. Also, these videos were watched manually by
AU researchers to count the number of WWD incidents and verify the
detection results. The solution finally been proved having higher accuracy
detecting WWD incidents than manually watching. Further iterations of this
system are counting cars, detect illegal acts and evaluate traffic conflicts. This
solution provided a 100% low-cost methodology to extract traffic information
from existing videos or real time monitors. And the algorithm can be qualified
for multiple purpose for both DOT or research institute.
May 30, 2020

-2-

3.2 High-Level Physical Architecture
The physical architecture of the system mainly based on several algorithm, which enables the
WWD detection function, as shown in Figure 8. What’s more, the algorithm can also used for
other purpose such as counting cars, reporting unusual traffic movements, etc. Just by changing
the rules.

Figure 8: High-Level Physical Architecture
3.3 High-Level Enterprise Architecture

Figure 9: High-Level Enterprise Architecture
4. ESTIMATION FOR THE WORK
The estimation of the work contains two parts, the cost breakdown summarized the cost for
- 12 -
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Background

Congestion on arterial networks continues to become a major challenge for all road users, policymakers,
and traffic signal maintenance agencies around the nation. Figure 1 shows that more than fifty percent
of congestion occurs in unexpected times and places due to non-recurrent events such as incidents, special
events, work zones, and bad weather [1]. User delays due to non-recurrent conditions result in economic loss,
increased fuel consumption, and emission.

Figure 1: Causes of Congestion in the U.S. [1]
Due to non-recurrent events that cause reductions in capacity or increases in demand, congestion can
extend to upstream intersections from the bottleneck location. Under these conditions, the vehicle queues
continue to grow from cycle to cycle, as a result of insufficient green times that cannot meet the demands or
because of blockages that prevent traffic from efficiently using the assigned green times (Figure 2). In such
cases, the queue spillbacks result in significant impacts on upstream intersection operations.

Figure 2: Queue Spillback Due to Non-Recurring Congestion.
In recent years, the Transportation Departments have started to focus on Arterial Management Program
(AMP) strategies to manage the performance of the arterial streets under the flagship of Transportation
System Management and Operations (TSM&O) initiatives. The activation of special traffic signal plans during non-recurrent events is an essential component of AMP and can provide significant benefits in managing
congestion. Most agencies around the nation predominantly use Time of Day (TOD) based signal timing
plans to manage traffic signal operations. TOD plans are initially developed utilizing historical traffic data
collected for different times of the day. The developed plans are subsequently fine-tuned based on field observations. Usually, the development of TOD plans involves gathering data under normal traffic conditions
in the absence of non-recurrent congestion due to incidents, lane blockage events, and surges in demand
due to special events. However, the non-recurrent events can create queue spillbacks during both peak and
1

off-peak periods resulting in significant delays and spillbacks. Adaptive Traffic Control Systems (ATCS) have
been developed and implemented to react to unanticipated traffic variations occurring from cycle to cycle,
and therefore, can operate more efficiently than TOD-based systems. It has been reported that ATCS can
reduce delays during incidents. However, the ATCS performance under incident scenarios, as well as when
the signalized intersections become congested with long queues, has not been proven to be beneficial yet.
Moreover, the ATCS systems are associated with additional costs of installation and maintenance; therefore,
they are deployed only on small subsets of the arterial networks.
This report states a high-level Concept of Operations (ConOps) of a solution for activating special signal
plans that correspond to the non-recurrent events. This solution can be considered as traffic responsive and
has been proven by our team using simulation to mitigate non-recurrent congestion. The demonstration of
the application of this solution in Broward County, FL (the Fort Lauderdale area), is being done in collaboration with the Florida Department of Transportation (FDOT) District IV for the “2020 Transportation
Technology Tournament” organized by the National Operations Center of Excellence (NOCoE). The ConOps
is developed following the guidelines of the System Engineering Process (SEP) as described in ITS ePrimer
by the U.S. Department of Transportation.

2

Current Practice by Agency

Some Traffic Management Centers (TMCs) have assigned traffic signal engineers/experts to respond to nonrecurring events as part of the AMP practice by modifying the timing plans to mitigate the impacts of
non-recurrent congestion. Such a process is initiated by the identification and validation of the existence
of non-recurrent events utilizing different Intelligent Transportation Systems (ITS) based systems, as shown
in 3. The signal timing experts update the signal plan based on observations such as the conditions of the
main and side streets, comparison of the queue spillback situation with historical queues, and the effects
of queues on the upstream intersections. The new plan is downloaded to the field controllers utilizing the
existing central software at the TMC (e.g., ATMS.now).

Figure 3: Workflow of the Current Special Signal Plan Activation by the Expert at the TMC

3

Problem Statement

The process of changing the signal timing by an expert operator at the TMC poses several drawbacks. The
process is time-consuming and needs special training in traffic signal operations. It requires human intervention, making it prone to errors not to mention that agencies on a limited budget sometimes cannot afford
to hire specialized personnel, and even when hiring them, the personnel cannot be available 24/7. These
experts may also leave their positions resulting in losing valuable experience.

2

4

Vision, Goals and Objectives

The vision, goals, and objectives were defined during the concept exploration stage of the system engineering
process. They were developed to reflect multiple viewpoints from various stakeholders. Figure 4 shows the
defined vision, goals, and objectives for our project.

Figure 4: Defined Vision, Goal and Objectives.

5

Proposed Solution

The team is proposing a viable solution that can be easily implemented utilizing the existing system without
significant additional resources. In developing the solution, the team harnessed the power of machine learning
and a plethora of data obtained from different ITS tools deployed by the agency in conjunction with a
compilation of the experts’ decisions throughout a year of traffic activity. The following paragraphs provide
a description of the tasks associated with this solution.

5.1

Automation of the Expert Decision

Data analytics was utilized to associate the historical expert decisions with their corresponding traffic status
in the network. The resulting data serve as the basis for developing the model. The development team utilized
a combination of Recursive Partitioning and Regression Decision Tree and Fuzzy Rule-Based System to model
the complex decisions made by the traffic signal engineers/experts [3]. A comparison of the developed model
with the experts’ decisions showed that the model achieved high accuracy in replicating the expert decisions
and thus recommending the new signal plan. The development team assessed the effect of the new signal
plan using simulation and showed a significant reduction in non-recurrent congestion delays. The results of
the model are shown in Table A.1 in Appendix A.

5.2

Automation of the Decision Generation Process

The team will develop a user application/software interface for an easy implementation of the model. The
application will run the developed machine learning model in the backend and generate plans in real-time
based on simple user inputs about the traffic conditions. The application interface is easy to use and is compatible in format with the existing system used by the agency. The working procedure mimics the current
practice by the agency except for the inclusion of the automation software instead or in support of the signal
timing experts shown in Figure 3.

3

7.3

Enterprise Architecture

The Enterprise architecture depicts the relationships between the existing enterprise objects and the role
that they perform within a given domain in the ITS environment. The relationships between the enterprise
objects are also defined by the enterprise architecture in terms of who is responsible for what, and how the
objects interact with ITS. Figure 7 shows such interactions as well as the role/relationship of each one of
the enterprise objects in this project. As it can be noted, many of the objects represented in Figure 7 are
stakeholders that participate and have interactions with other enterprise objects in the ITS environment.
Also, the physical objects are depicted and referred to as resources.

Figure 7: Elements of the Enterprise Architecture of the System.
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7.4

Signal Control Plan Development System.

The special Signal Control Plan Development System (SCPDS) is the proposed new system in this ConOps
for automatically developing new signal plans in response to non-recurrent congestion. The system is mainly
composed of software that will generate new plans based on the inputs. The stages of software development
process are shown in Figure 8.

Figure 8: Process of Signal Control Plan Development Systems.
The team is currently working on the coding of the software. The conceived main page of the software,
the input window is shown in Figure 9. One of the vital parts of the software is to collect the required inputs
based on the identified events and traffic status. A data dictionary table is developed (Table A.2, Appendix
A) to guide the users for providing appropriate inputs. Moreover, a tutorial is also embedded in the software
to inform the users about the basic features of the software.

Figure 9: The Wireframe of the Application.
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DATA-DRIVEN PREDICTION OF REGIONAL INCIDENTS
AND FLOODING FOR TSMO
By: Michigan DOT - Southeast Michigan Transportation Operations Center (SEMTOC), AECOM

IN THIS CASE STUDY YOU WILL LEARN:
1. How historical data can be used to predict weather and
incident management.
2. How artiﬁcial intelligence (AI) neural network modeling can
help trafﬁc management systems predict when high risk
events will occur.
3. How data from AI predictions can help emergency
management plan and provide sufﬁcient staff for trafﬁc
and weather events.

TSMO PLANNING, STRATEGIES, AND DEPLOYMENT
BACKGROUND
The Michigan Department of Transportation’s (MDOT) Southeast
Michigan Transportation Operations Center (SEMTOC) serves as

The prediction tool, developed by AECOM, provides an estimate of
future incidents and high-impact events handled by SEMTOC, by
shift and per day for the prediction period. A second functionality of
the tool is to forecast hourly probabilities of flooding on the state’s
trunkline highways in the metro region for the same period of time.
Note that an incident is defined here as any event that impacts or
has the potential to impact traffic flow. In addition, high impact
incidents refer to any incident that causes more than 50 percent of

a center of incident and mobility management for the state-owned
roadways in the Metro Detroit region, in coordination with first
responders including the Michigan State Police (MSP), local police
departments, fire departments, and towing companies. With three
work shifts a day and 24/7 operations, it has been a critical tool for
SEMTOC and first responder agencies to respond to incident and
congestion events in a timely manner. It has been especially useful
ahead of special events, such as sports, parades, and incremental
weathers events. A few minutes of improvement in response time
could save a life or reduce delay significantly. SEMTOC is also a
central hub for collecting, analyzing, and disseminating valuable
traveler information, and maintains multiple databases for internal and
external data. To advance Transportation Systems Management and
Operations (TSMO) innovation for MDOT, and enhance the data-driven
operations capability, SEMTOC is piloting an advanced incident and
flooding prediction tool using different internal and external data
sources and advanced statistical models.

NOCoE CASE STUDY
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DATA-DRIVEN PREDICTION OF REGIONAL INCIDENTS AND FLOODING FOR TSMO
lane closures and significant delay of traffic on highways. In this
tool, incident prediction is performed based on the development
and utilization of a neural network (NN) model, which is a selflearning algorithm that captures and represents complex input/
output relationships by mimicking the human brain in performing
a particular task or function of interest. Historical weather and
incident information was used to train and test the NN model. More
than seven years of historical weather-related data from January
2011 to April
2018 were
gradually
obtained from
Meteorological
Terminal
Air Reports
(METAR) at the
Coleman A.
Young Municipal
Airport in
Detroit as the training data set. This weather station is located
within Detroit’s city limits to provide a base estimation of the Metro
Detroit region’s weather. The historical occurrence of incidents for
the same time frame as the weather data was utilized within the
model development. The historic incident and high-impact data are
obtained from two of MDOT’s in-house incident database systems
maintained at SEMTOC, Advanced Traffic Management System
(ATMS) and the Call Tracking system. The prediction of flooding
probabilities is a separate module in the prediction tool, which
is based on the development of a Logit model, and uses historic
flooding data and weather forecast data to estimate the probabilities
of flooding on freeways in the Metro Detroit region. Weather forecast
data, obtained from a meteorological website (www.intellicast.
com), is applied to the model, to create a prediction for the future
timeframe, which
includes the total
number of incidents and
high-impact incidents
for each shift/day,
and hourly flooding
probabilities, for the
next ten days including
the current day.

tool on a daily basis, and shared with the stakeholders, including
MDOT, first responders, and local transportation operations centers
(TOCs). Then, staffing and resources are better planned prior to any
predicted events. This proactive staffing is of high importance to
incident management, especially during severe weather events, such
as heavy rain and snowstorms in Michigan.

OUTCOMES, LEARNINGS AND PUBLIC BENEFITS
Since 2017, the AECOM control room management team has built
the predictive analysis into one of the routine tasks at SEMTOC,
and applied the prediction tool to generate incident and flooding
prediction reports for situational awareness, and evaluate and adjust
their planned staffing resources against predicted incident levels
on a daily basis. The evaluations allow the management team to
increase staffing levels in advance of periods for which increased
incident activities are predicted, while also proactively supporting
MDOT in preparing SEMTOC systems, devices and first responding
partners. The historic results show that the prediction tool is a
promising tool for the prediction of incidents and flooding events
in the Metro Detroit region, with an accuracy rate ranging from 70
to 90 percent. In some instances, the accuracy rate has exceeded
90 percent. Ongoing post-analysis comparisons between incident
predictions to actual outcomes indicate that the prediction accuracy
is improving over time, as the model is updated with more recent
historic data. Currently, the SEMTOC project team is working on
extending the prediction from the general metro region to specific
areas or corridors of the state highway network, which will end up
with a heat map for future traffic conditions in the region. To sum up,
the prediction tool at SEMTOC can
1. Provide short-term forecast of incident and flooding
conditions in the region,
2. Improve the operator staffing at SEMTOC and other TOCs,
and staff and resource planning for state police, local police
departments, fire departments, and towing companies,
3. Facilitate decision making for TSMO and
4. Support quicker and more proactive responses of emergency
agencies to incidents, and potential mitigation or avoidance
of incident impacts or secondary incidents.

COMMUNICATIONS PLANNING AND EXECUTION

FURTHER INFORMATION

The compiled program user interface of the tool includes an incident
prediction module, flooding prediction module, and historic data
plots module. Incident prediction is broken down into the three work
shifts (morning, afternoon and night), and the daily total number of
incidents is also plotted. Historic average number of incidents and
high impacts are plotted as a benchmark. The flooding prediction
showed 100% of flooding probability in the evening of September
11, 2019, which has been verified by the historic flooding events
during that evening. Prediction reports are generated with the

Program Website:
https://www.michigan.gov/mdot/0,4616,7-151-9621_84998---,00.html

NOCoE CASE STUDY

Michigan DOT TSMO Implementation and Strategic Plan
Tech Paper on Prediction System
White paper Summary - Data-Driven Prediction of Regional Incidents
and Flooding
NOCoE Knowledge Center: https://transportationops.org/knowledge-center
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CASESTUDY
WAYCARE PLATFORM DEPLOYMENT IN SOUTHERN NEVADA TRAFFIC
MANAGEMENT CENTER
By Nevada Department of Transportation in partnership with the Regional Transportation Commission of Southern Nevada (FAST), Nevada TIM Coalition, Nevada
Highway Patrol and the Nevada Department of Public Safety

IN THIS CASE STUDY YOU WILL LEARN:
1. All four agencies managing operations in Southern Nevada
contributed to the development of the Waycare Platform to
advance operations.
2. A decrease in response time was seen in the first few weeks of
the pilot program.
3. How the Waycare system automates traveler information via
social media platforms.

BACKGROUND

WAYCARE PLANNING, STRATEGIES AND DEPLOYMENT

The Southern Nevada Traffic Management Center (TMC) is the hub of traffic
communications for the Southern Nevada region. The TMC houses four
distinct agencies which cooperatively oversee freeway and arterial

Waycare is a custom-designed platform built to facilitate multi-agency integration of communications through the TMC supporting TSMO. The platform
was developed through a series of in-depth immersion sessions of platform

operations. These agencies include: the Nevada Department of
Transportation (NDOT), which operates the Freeway Service Patrol (FSP)

developers working with TMC technicians, FSP drivers, dispatchers and law
enforcement to understand the existing processes, incident responsibilities

and Las Vegas ROADS, (the freeway maintenance and FSP dispatch); the
Nevada Highway Patrol (NHP); the Nevada Department of Public Safety
(DPS-NHP dispatch); and FAST (a division of the Regional Transportation
Commission of Southern Nevada), which operates Southern Nevada traffic
signals and ITS devices.

and flow of information, both internally and externally between the four
agencies. This immersion and development process took approximately
three months, over the summer of 2017.

Although housed in the same facility and the same operations theater, there
was never a collective platform on which all agencies shared real-time
incident data. As a result, valuable information was often kept from
traffic managers, impacting their ability to respond to changing scene
safety immediately.

cians and DPS-NHP. NHP vehicles were outfitted with Automatic Vehicle
Locator (AVL) devices so all units could be tracked. The immediate effect
of cross-agency sharing location related 911 call details, and real-time
traffic information flowing into the system from external sources, showed a
substantial decrease of incident response time in just the first few weeks of
the pilot.

In September 2017, an experimental pilot was launched using the Waycare
platform to share and analyze data between these agencies. Waycare is a
cloud-based system that leverages in-vehicle data and artificial intelligence
(AI) to help manage traffic and prevent crashes. Waycare aggregates
real-time and historical traffic incident information, based on data from social
media feeds, crowdsourcing applications and in-vehicle telematics, indicating
possible traffic incidents and areas of concern.

NOCoE CASE STUDY

Implementation of the Waycare platform began small in September 2017,
with the deployment of the platform to FAST traffic engineering techni-

Upon implementation, the incident records contained a precise GPS location
of verified incidents, type of incident, lanes impacted, injury status and
vehicle type (truck, car, number of vehicles, etc.). A real-time GPS GIS-based
visual of congestion, queues, incident and safety events enable operators
to have a better view of the state of traffic in Southern Nevada. Contextual
driving behavior and hazard reports are directly sent to personnel on the
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road enabling a faster incident response. NHP troopers are able to login to
the web-based platform from their vehicle’s computers and see the active
and pending incidents, along with their precise GPS locations and incident
details, which reduces radio chatter. If a CCTV camera is available within the
immediate vicinity of the incident, FAST techs can position the cameras to
view the incident and embed a 30-second long video of the incident scene.
Additionally, by providing troopers a video of the incident scene, troopers can
make decisions prior to arrival on-scene regarding resources and approach
methods. NHP command staff are also able to see their entire squads’
locations, to determine whether the troopers were on-scene or en route
to incidents.
NDOT’s Freeway Service Patrol (FSP) vehicles were the next phase of
the structured implementation process. FSP vehicles were outfitted with
Automatic Vehicle Locator (AVL) devices so all vehicles can be tracked. The
FSP fleet was also outfitted with tablets in their vehicles, which allow them
to login into the Waycare platform. This step eliminated the need for paper
forms to be completed in the field, since FSP began entering the incident
data directly into their tablets and feeding it into the platform real-time for
all other users, supporting the regional safe, quick clearance goals followed
by FSP.
NDOT’s LVROADS dispatchers were the last phase of the structured
implementation process. The LVROADS dispatchers are now able to log
disabled and abandoned vehicle calls into the Waycare platform, expanding
the real-time data with the troopers. Additionally, the dispatchers oversee

COMMUNICATIONS
The Nevada Traffic Incident Management (TIM) Coalition, has been actively
engaged in Waycare briefings, cooperation, communications, deployment,
lessons learned and future actions. Nevada’s TIM groups meet regularly and
work together to identify technologies, reduce secondary crashes and travel
delay, while improving safety for first responders. Prior to the platform, FAST
had sent out traffic alerts to the public, via Twitter, text and email. Since the
introduction of the platform, the traffic alerts are now an automated feature
in the platform and traffic alert subscription via e-mail, text messaging, or
Twitter has greatly increased.
Waycare has enhanced the existing Southern Nevada traffic alerts sent
to the public. When Waze users post-crash information into the app, it is
provided in relative real-time to the platform for verification. Once confirmed,
through a one-click operation, FAST sends out traffic alerts including the
exact location and impacts on the roadway, which are also pushed back into
the Waze app as a “TMC- verified” crash.

OUTCOME AND PUBLIC BENEFIT
n

The benefits of the Waycare platform include:

n

Demonstrating an average 12-minute reduction in incident
response times.

n

A substantial reduction in secondary crashes via real-time travel
information sharing so the public can make other route choices and
relieve stress on impacted facilities.

n

A seamless, real-time sharing of incident information across
multi-agencies, multi-discipline responders and to the public.

the FSP incident calls, and track, manage and dispatch FSP based
on priority.

FURTHER INFORMATION
NOCoE Knowledge Center: https://transportationops.org/knowledge-center
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CASE
STUDY
ACCELERATING VISION ZERO WITH ADVANCED VIDEO ANALYTICS:
VIDEO-BASED NETWORK-WIDE CONFLICT AND SPEED ANALYSIS
By City of Bellevue, WA

IN THIS CASE STUDY YOU WILL LEARN:
1

2

3

How Video monitoring can provide
important and useful data on traffic
volumes, road user speeds, and near-crash
traffic conflict indicators.
How software platforms can analyze data
on near-crash incidents to identify future
safety issues.
How identifying these issues can help meet
a goal of zero incidents in the near future
(Vision Zero).

Solutions’ road safety analysis technology and Together
for Safer Roads, who convened and funded the project to
improve road safety in Bellevue. Public-private partnerships like this help demonstrate the lifesaving power and
scalability of predictive analytics. This project demonstrated the application of video analytics with respect
to the Roadway Safety Management Process outlined
in AASHTO’s Highway Safety Manual. Surrogate safety
analysis can assist practitioners in identifying problematic
intersections, diagnosing the nature of site-specific issues,
selecting and implementing improvements, and evaluating
outcomes. The results of this work have been published in
three technical reports. The project, among other findings,
shows that intersection conflicts, or near-crash events, are
accurate predictors of where future crashes could occur.

BACKGROUND
The project, formally titled “Video-based Network-wide
Conflict and Speed Analysis to Support Vision Zero in
Bellevue (WA) United States,” began in August 2019 and
used data supplied from the city’s network of 360-degree,
high-definition traffic cameras at 40 intersections chosen
for the study. Transoft Solutions’ products, BriskLUMINA
and BriskVANTAGE, collected traffic volumes, road user
speeds, and near-crash traffic conflict indicators from the
video feed. It then used advanced artificial intelligence
algorithms and video analytics to process, analyze and
identify safety issues at the intersections.
The Vision Zero project in Bellevue started as an effort
to eliminate traffic fatalities and serious-injury crashes
by 2030. The City of Bellevue partnered with Transoft
NOCoE Case Study

Figure 1: Near-collision conflict between left-turning
motorist and through motorist in Bellevue
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ACCELERATING VISION ZERO WITH ADVANCED VIDEO ANALYTICS:
VIDEO-BASED NETWORK-WIDE CONFLICT AND SPEED ANALYSIS
TSMO PLANNING, STRATEGIES AND DEPLOYMENT
The initiative in Bellevue has several steps including site
selection, video-based traffic monitoring platform deployment, data analysis, and conflict analysis.
Site Selection
The project leveraged data from the City of Bellevue’s
network of existing 360 HD traffic safetycameras. The City
selected 40 intersections representing different geographic locations, land uses, population density, and road geometry. The cameras collected data daily (16 hours per day)
for a week (7 days) in September 2019, resulting in approximately 5,000 hours of footage with 8.25 million road user
observations and 20,000 critical conflict interactions.
Video Based Monitoring Platform Deployment
The video monitoring platform provided livestreaming of
the intersection video footage, calibration and validation
of the data, video-based AI processing and safety analysis, quality control and data filtering, and presentation of
analytics results on the dashboard.
Data Analysis
The project team used artificial intelligence algorithms
from Transoft Solutions’ BriskLUMINA and BriskVANTAGE products to process traffic camera footage. The
camera footage provided traffic volume, road user speed,

Figure 2: 20,000 critical conflict events
observed during one week at 40 sites
NOCoE Case Study

and near-crash event data. The project team used results
from this process to identify high-conflict interactions at
intersections and to evaluate the efficacy of targeted road
safety improvements. The results were summarized in 3
separate reports:
•Conflict Analysis: This report summarizes data on traffic
patterns and conflict rates at study locations. Conflicts
were identified based on Post-Encroachment Time
(PET), which is the time between when one road user
leaves the conflict point and another road user arrives
at that point. Variations in both metrics were obtained
based on urban density, location, time of day, and day
of week. For each type of road user, the intersection
with the highest critical conflict rate was identified and
further analyzed.
•Speed and Speeding Analysis: This report contains data
on road user speeds and speeding incidence rates for
the study locations. Variations in both metrics were obtained based on urban density, location, time of day, and
day of week. A deeper analysis was performed at the
intersection with the highest speeding incidence rate.
•Conflict, Speeding, and Crash Correlation: This report
explores the correlation between conflict and speeding
measurements to historical crash data in Bellevue at a
sample of intersections having the highest number of
crashes. Count regression models were generated and
found a positive and statistically significant, non-linear
association between conflicts and crash rates.

Figure 3: HSM 6-Step Roadway Safety Management
Process, AASHTO (2010)
2
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VIDEO-BASED NETWORK-WIDE CONFLICT AND SPEED ANALYSIS
OUTCOME, LEARNINGS AND PUBLIC BENEFIT
Data collected from over 5,000 hours of video footage
were used to produce the three reports available on the
City of Bellevue’s Vision Zero Partnerships page:
1) Video-based Network-wide Conflict Analysis
2) Video-based Network-wide Speed and Speeding Analysis
3) Video-based Conflict, Speeding, and Crash Correlation
One of the major findings is that intersection conflicts
or near-crash events are an accurate predictor of where
future crashes could occur. The data also found that
people riding bicycles are at greater risk than vehicle
occupants. Bike riders represent 0.1% of observed road
users, pedestrians were 2.6% and motorists accounted for
97.3%. However, bicyclists were 10 times more likely to be
involved in a conflict than motorists. Data also found that
motorcyclists travelled at higher speeds and generated
more critical conflicts than any other road user. More than
10% of drivers were speeding, with half of them traveling at

more than 11 mph over the posted speed limit. Speeding
incidence rates were relatively uniform on weekdays with a
noticeable decrease around peak (commute) hours. Video
footage showed 20,000 critical conflict interactions among
the 8.25 million road users recorded during one week.
Video-based monitoring is an effective method to obtain
conflict data in different ways. Unlike traditional traffic
safety evaluation methods, video-based monitoring is
detailed enough to identify near-crashes, classify road user
types and their movements, and detect speeding infractions and lane violations. Cameras capture high-resolution
data for ALL road users and modes of transportation within the field of view, compared to GPS or Bluetooth sensor
data, which only capture some of the road users. Unlike
LIDAR, the use of video analytics is easily scalable, and
cameras are relatively easy to deploy and maintain alongside a traditional surveillance system. Videos are easy for
people to review and understand, unlike many other data
collection technologies that simply provide numerical data.

Figure 4: AI used to detect, monitor and measure displacements
of all road users to a high degree of precision
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TRAFFIC INCIDENT COMMUNICATION PLATFORM
By: IPgallery Urban Mobility and City of Fremont, CA Public Works Department

IN THIS CASE STUDY YOU WILL LEARN:
1. H
 ow integration with transportation users can help
develop a Mobility Action Plan.
2. H
 ow the use of an Artificial Intelligence (AI) based real-time
data management platform helped mitigate congestion.
3. H
 ow the city worked successfully with the application
developer during the process.

BACKGROUND

growing population of 230,000 residents. Access to all areas of
the city, for getting to work, schools, shopping, appointments,
friends and youth activities among their day-to-day travels, must be
available. Accordingly, it is necessary to maintain and improve the
interconnected network of roads to provide safe and efficient travel
throughout Fremont for its residents.

The primary reason traffic congestion in Fremont has escalated is
due to the growth in the Silicon Valley economy. This growth has
led to a rapid increase in jobs but there
The City of Fremont understands that Transportation Systems
has not been a corresponding growth
Management and Operations (TSMO) including traffic, congestion and
in Silicon Valley housing. Fremont is at
incident management are among the community’s major concerns. The
the crossroads between where the jobs
Bay Area is one of the top three traffic-plagued regions in the country,
are and where the employees are living.
so it’s no surprise Fremont residents are concerned. Having ongoing
Many new jobs have been created at
regional transportation projects that are managed and overseen by
companies like Facebook, Apple, and
regional agencies such as Alameda County Transportation Commission
Google. But relatively little new housing
(ACTC), Bay Area Rapid Transit (BART), and the California Department of
has been created near these job sites.
Transportation (Caltrans) as well as several local transportation projects
This imbalance between jobs and
overseen by the city results in a complex system of management.
housing induces commute trips through
This complexity led to the motivation to develop innovative methods
Fremont and sends traffic crawling along
to manage data and improve the day-to-day crossthe three highway
organizational management of transportation flow.
corridors of Interstate
Innovation was also needed to manage the reciprocal
880, Interstate 680,
influences of various traffic incidents that require
and State Route 84. A “triple tidal wave” of traffic
emergency response. IPgallery’s AI-based Transportation
passes over Fremont every weekday morning
Incident Management and Evaluation Platform was
and afternoon. Traffic congestion is further
implemented by the Fremont’s Public Works Department.
compounded by a “funnel effect” created by the
The implementation was done through the Transportation
geography of Fremont. Navigation apps aggravate
Engineering Division which coordinates regional
the problem by directing regional commuters
transportation projects that affect Fremont; plans and
through Fremont’s main streets and neighborhoods
designs bicycle, pedestrian and street improvement
to avoid clogged highways. Besides the regional
projects; operates and maintains the city’s transportation
traffic congestion challenge, Fremont also has
system; and analyzes the transportation impacts of new
to address local traffic congestion issues to
Newsletter sent to all
developments.
serve the internal travel demands of Fremont’s
Fremont households.
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TRAFFIC INCIDENT COMMUNICATION PLATFORM

TSMO PLANNING, STRATEGIES, AND DEPLOYMENT
In May 2017, Fremont’s Mayor and City Council initiated the process
to develop a Mobility Action Plan and appoint a Mobility Task Force
to guide staff and consultants on Fremont’s transportation issues
and needs. From its inception, the goal of the Mobility Action Plan
would be to address traffic congestion, improve local multimodal
circulation, reduce traffic crashes, and adapt new transportation
technologies. In September 2017, the City Council appointed a
14-member Mobility Task Force composed of Fremont residents
and stakeholders. The task force represented different areas of the
city and contributed a variety of perspectives and knowledge from
a wide range of professional backgrounds. The Fremont Mobility
Action Plan was developed from community input solicited at five
community events, a topic posted on Fremont Open City Hall, the
City’s online civic engagement forum, and 11 Mobility Task Force
meetings. The Mobility Action Plan is intended to guide the city’s
local implementation priorities and regional advocacy efforts over
the next five years. Recommendations in the plan include topics
of traffic signal modernization, school zones and access, travel
alternatives, a traffic safety program, new technologies and smart
mobility, and regional policy and projects.
IPgallery won the bid for the City of Fremont’s request for proposal. The
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project tasks included the following 2018-2019 Startup in Residence
(STiR) challenge of developing a Traffic Incident Communication
Platform to address challenges experienced by government and
residents. During a 16-week residency IPgallery developed, tested and
implemented a customized solution that included:
1. collection of traffic and transportation data from all the
available dynamic and static data sources
2. preprocessing of data utilizing advanced AI algorithms
3. visualization of multiple layers of intelligent information
4. real-time based and predictive actionable insights
5. day-to-day and during event management tools
6. sharing of transportation related events with the different
agencies and residents

COMMUNICATIONS PLANNING AND EXECUTION
Initially IPgallery and the Public Works Department of Fremont
worked closely to:
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TRAFFIC INCIDENT COMMUNICATION PLATFORM
services, optimization and management tools, and real-time and history
analysis, predictions, pattern and anomaly detection tools. Reporting
mechanisms, and applications that allow communication between
agencies and residents round out the toolbox.

OUTCOMES, LEARNINGS, AND PUBLIC BENEFIT
The challenges addressed by this process include collecting,
preprocessing and converging data from various sources in realtime, and then generating intelligent actionable insights supporting
knowledge management and decision-making. These tools increase
transportation resiliency, when affected by electric outages, hazards,
and natural disasters. Overall benefits include:
 U
nified

Data Platform converging all data sources into a
structured Data Lake

 R
eal-time

AI-based preprocessing of data generating
intelligent actionable insights

 R
obust

optimization and management tools

 P
owerful

real-time and history data analysis, predictions,
pattern detection and anomaly detection tools, as well as
reporting mechanisms

 E
mpowering

 D
efine

the roles and responsibilities of the city department
and IPgallery teams

 C
o-define

project goals to align project development
with department objectives - scope preliminary technical
requirements

 C
omplete

scope-of-work document

 C
o-define

deliverables, deadlines and metrics

 A
gree

on frequency and format of communications

The scope-of-work template included discussions on department
objectives and project goals, sources of insight, technical requirements,
key tasks, timelines and responsibilities, risks and mitigation, and
definitions of what the user tools would look like.
A final task included setting working norms for the team, including
communications expectations and regular syncs of the system.
IPgallery’s advanced robust AI Smart Transportation Platform addresses
both the economic and technical challenges with the city transportation
system. This enables the city to provide citizens and businesses with
smooth, safe, sustainable and resilient multimodal transportation
services, as well as improve congestion condition, air quality and wellbeing. IPgallery’s implementation includes an interactive Command &
Control main operations dashboard, smart multimodal transportation
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Smart Transportation services including:
traffic management, multimodal transportation stations
and availability, parking management, public transportation
management, air quality condition, agency/stakeholder/
resident notifications and communication, EV charging
stations locations and availability, and more

This new system supports sustainable transportation with low
impact on the environment, reduces carbon footprint and improves
air quality, facilitates alternative energy sources by providing
management for air quality and EV charging, improves well-being and
lifestyle by reducing traffic congestion, and promotes transportation
equality and accessibility. The platform is also an enabler for
various other application developments. IPgallery’s holistic approach
backed by robust technologies enables and empowers Public Private
Partnerships (PPP). IPgallery provides the ability and intelligence,
in real-time, to improve effectiveness and efficiencies, strengthen
the Urban Ecosystem competitive-edge, drive innovative knowledge
management, predictive decision making and digital transformation
that significantly enhance user experiences, reduces costs and
transform futuristic urban mobility into a reality.

FURTHER INFORMATION
Mobility Action Plan Website
NOCoE Knowledge Center: https://transportationops.org/knowledge-center
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Revolutions – quick history


1st
– Mechanical Revolution Hand production methods to machines through the use of steam and water power



2nd
– Science and Mass Production– Railroad and telegraph networks, increased electrification to modern

production line



3rd
– Digital Revolution – supercomputer, computer and communication technologies in production process,

machines abrogate the need for human power

– Source: Fourth Industrial Revolution - Wikipedia
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4th Industrial Revolution
– Strategic Intelligence (weforum.org)
– The Fourth Industrial Revolution represents a fundamental change in the

ways that we live and work. It is a new chapter in human development,
enabled by advances that are commensurate with those of the first, second
and third industrial revolutions - merging the physical, digital,

and biological worlds and fusing technologies in
ways that create both promise and peril. The speed,

breadth, and depth of this revolution has forced us to rethink how countries
should develop, how organizations create value, and how people from all
walks of life can benefit from innovation.
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Agile Technology Governance
-
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5G
Internet of Things
Cybersecurity
Blockchain
Innovation
Corporate Governance
Digital Communications
Global Governance
Agile Governance
Behavioral Sciences
Future of Media, Entertainment and Sport

Round Robin
1.Your thoughts about the 4th industrial revolution
2.Thoughts of how to use Machine Learning and Artificial
Intelligence for strategic decisions. (examples were mostly
operational decisions)
3.How do we change strategic metrics to positively affect
change for the users and our society?
4.What are the biggest challenges you see for
transportation decision making?
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Engage Us:
Online or Social

www.transportationops.org
TSMO Resource Connect

@NOCoEOps
Linkedin.com/company/nocoe
Patrick Son
Managing Director
pson@transportationops.org
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Facebook.com/NOCoEOps

