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MDOT SHA 
ORGANIZATIONAL 
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KEY FOCUS AREAS
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TOP ACCOMPLISHMENTS
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ASSET MANAGEMENT
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BALANCING SAFETY & MOBILITY
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P3 PROGRAMS



DOING BUSINESS BETTER
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THINKING DIFFERENTLY

• TSMO provides a new perspective - using existing 

approaches combined with technology to meet the 

challenges of building a Systems of Systems

• TSMO addresses all four of MDOT SHA’s Priorities, with a 

focus on Customer Experience 

• Renewed partnerships and collaboration with industries 

and stakeholders for transportation of tomorrow
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WHY TSMO?

MAKING THE 
BUSINESS CASE
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ABOUT MARYLAND

AMERICA IN MINIATURE
▪ Home to 6.1 million people 

▪ 42nd in size
▪ 19th in population, 6th in density

▪ Geographic and socio-
economic diversity
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MDOT comprises of six business units and an Authority

• The Secretary’s Office

• State Highway Administration

• Maryland Transit Administration

• Motor Vehicle Administration

• Maryland Port Administration

• Maryland Aviation Administration

• Maryland Transportation Authority

Unique multi-modal organizational framework for integrated 

transportation solutions

ABOUT MARYLAND DOT (MDOT)

MDOT Excellerator drives the agency with ten 

tangible results and performance measures with 
ONE MDOT Approach
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ABOUT MDOT STATE HIGHWAY ADMINISTRATION
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MDOT SHA operates and maintains 
the numbered, non-toll routes in 
Maryland

- 17,000 lane-miles and 2,576 bridges

• Customer Focused

• System Efficiency & Reliability Key Drivers

• Freight Movement and Economy

• Performance Management

Maryland

Traffic Volume

Maryland

Roadway Network

Huge Emphasis on 

Transportation Systems Management & Operations (TSMO)



MDOT ORGANIZATION STRUCTURE

Operations
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Maryland Department of Transportation
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WHY TSMO IN MD? –
DEMAND SIDE

• MD VMT and congestion levels at all time 

high - one of the most congested regions 

in US

• MD will have 1 Million more people by 

2040, which will result in 30% more VMT 

and doubling of truck VMT

• Customer Needs and Expectations are 

changing – faster, reliable and flexible 

• Technology is playing a huge role for 

travel decisions (commute, shop, other)

Need to Think Differently.
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• System operating at/over capacity

• Over-saturated conditions lead to 

higher unreliability

• Multiple priorities (SOGR, Safety, 

Mobility, Capacity, Economy)

• Technology playing a key role –

efficiency, reliability and system of 

systems

Focus on “Door to Door” 

Customer Experience

WHY TSMO IN MD? –
SUPPLY SIDE
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MDOT SHA 

TSMO PROGRAM

Integrated approach to 

planning, engineering, 

operations, and maintenance. 

Effectively manage and operate 

existing facilities and systems to 

maximize their full service 
potential.
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Integrated approach to planning, engineering, operations, and maintenance. Effectively manage 

and operate existing facilities and systems to maximize their full-service potential.

WHAT IS TSMO?



ABOUT CHART

• Traffic & Roadway Monitoring

• Incident Management

• Travelers Information

• Traffic Management

• Emergency  & Weather Management

• Statewide Radio Communications

Maryland’s real-world application of TSMO
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MDOT SHA TSMO STRATEGIES

• “Clear the Road Policy” 

• Close coordination with Maryland State Police 
(MSP)

• Emergency Response Technicians (ERTs)
• Emergency Traffic Patrols (ETPs)
• Emergency Response Units (ERUs)
• Approximately 42 units on the road

• CHART Operations Centers

24
HOURS/DAY DAYS/WEEK

7
TSMO Strategy: Traffic Incident Management 

Office of CHART and ITS Development/Districts and Shops
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MDOT SHA AND TSMO STRATEGIES

Effective event management  requires intra and inter agency collaboration and coordination

• Planning and protocols - coordination with districts, shops and outside agencies on the development of 

operational plans when required

• Day-of-event activities – coordination with districts/shops on operation plan

• Post-event activities – after action review with all stakeholders

TSMO Strategy: Planned Special Event Management

Office of CHART & ITS Development, Districts, Shops
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MDOT SHA AND TSMO STRATEGIES

• Large-scale impacts

• Severe weather

• Homeland security

• Can happen anytime, often without warning

• Transportation operations are critical to effective response

• Impacts to transportation infrastructure?

• Coordination prior, during, & following an event 

• Multi-agency planning and coordination a must 

• Debris management

• Truck parking app during winter operations

TSMO Strategy: Emergency Management

Office of CHART & ITS Development/

Office of Maintenance/District Offices and Shops
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MDOT SHA AND TSMO 
STRATEGIES

TSMO Strategy: Traveler Information

Office of CHART and ITS Development

• 511 Web, CHART Web, Regional Integrated 

Transportation Information System (RITIS), 

Metropolitan Area Transportation Operations 

Coordination (MATOC)

• I-95 Corridor Coalition

• Dynamic message signs (DMS)

• Highway Advisory Radio

• Radio and television traffic reports

• Smart Phone app

• Social media tools

• Commercial traffic conditions and prediction services
24



MDOT SHA AND TSMO STRATEGIES

• Regular signal retiming

• Coordination of signal inter connect projects

• Installation of real-time traffic adaptive signal software and equipment

• 14 Smart Signal Corridors

• Part of Freeway and Arterial Master Plan

• Part of CAV pilot on US-1 and AASHTO SPaT challenge

TSMO Strategy: Traffic Signal Synchronization and Operations

Office of Traffic & Safety/District Offices
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MDOT SHA 
TSMO STRATEGIC 
PLAN
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MDOT SHA TSMO PROGRAM

• Plan provides: 
Vision, Purpose, Goals, Objectives & Strategies

• Focus on Integration: 
Institutional, Operational & Technical

• Governance Structure: 
Executive Committee, Working Group & Task Forces



RETHINKING OUR TRANSPORTATION 
SOLUTIONS & SERVICES

 

INTEGRATED

CORRIDOR 

MANAGEMENT

RAMP 

METERING
HARD SHOULDER 

RUNNING
MANAGED 

LANES

SMART TRAFFIC 

SIGNALS
REVERSIBLE 

LANES

             

TRAFFIC INCIDENT 
MANAGEMENT

WORK ZONE 
MANAGEMENT

FREEWAY 
ARTERIAL 

MANAGEMENT

TRAFFIC SIGNAL 
COORDINATION

EMERGENCY
RESPONSE

HOMELAND SECURITY 
PREPAREDNESS

TRANSIT 
PRIORITY/INTEGRATION

FREIGHT 
MANAGEMENT

ROADWAY WEATHER 
MANAGEMENT

MAINTENANCE FLEET 
MANAGMENT

CONNECTED 
AUTOMATED VEHICLE 
(CAV) TECHNOLOGY

ELECTRONIC 
PAYMENT/TOLL 
COLLECTION
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RETHINKING OUR TRANSPORTATION 
SOLUTIONS & SERVICES

TSMO

Incident 
Mgmt. & 

Traveler Info.

Active Traffic 
Management

Integrated 
Corridor 

Management

CAV Future
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OPERATION 

STRATEGIES

TECHNOLOGY
ROADWAY 

IMPROVEMENTS

PARTNERSHIPS
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BUILDING A SYSTEM OF SYSTEMS

What does the 

“System of 

Systems” look 

like? Need to 

establish a 

Statewide vision 

of the services 

we want to offer 

to our customers.



• TSMO Executive Committee provides 
Strategic Direction and governance

• TSMO Working group develops the 
Action Plan in coordination with various 
Offices and Districts

• TSMO & CAV Deputy Director in the 
Office of CHART and ITS Development 
oversees the TSMO Program 
Implementation

31

TSMO ORGANIZATIONAL
STRUCTURE



BUSINESS 
PROCESSES 

AND 
FUNDING 
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FORMALIZING A TSMO MASTER PLAN



LEVERAGING SIGNIFICANT TSMO PROJECTS
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NEXT GEAR - SYSTEM OF SYSTEMS
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• Ways to procure/deliver effectively –
mainstreaming TSMO projects:

• Major Projects (TSMO Strategies, 
ITS Infrastructure in scope)

• Rethink System Preservation 
Projects

• Operational projects 
(ITS/Software/ Communications)

RETHINKING PROJECT DEVELOPMENT

Incorporate Communications & 
Operational Technology in Projects

• Infrastructure for TSMO and 
ATM/ICM/CAV Needs
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TSMO PROJECTS

• Changes to scoping/project development process

• Consider TSMO strategies in whole or in part

• Use Annual Mobility Report and other data/metrics

• Incorporate Communications & Operational 
Technology in Project Scope

• Major Projects

• System Preservation Projects

• Operational projects (ITS/Software/ Communications)

37

Rethinking 

• Projects as Systems

• Performance Measures

• Programming Models



DELIVERING TSMO PROJECTS
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DELIVERING SYSTEMS  
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PERE TRACK

• System level Needs & Opportunities Assessment

• Performance & Conditions

• MOBILITY & RELIABILITY

• SAFETY

• ASSET CONDITIONS

• FREIGHT

• ACCESS, LAND USE & ECONOMIC DEVELOPMENT

• Deliverables: 

• High-level transportation solutions/ project 
concepts

• Break-out Projects with Phasing recommendations

• Next Steps: Project Purpose & Need

DELIVERING SYSTEMS
OPERATIONS TRACK

• Concept of Operations

• Transportation Network & Users

• ITS & Traffic Signal Systems 

• Operational Scenarios

• User based Operational Descriptions

• High-level Strategy Identification & Feasibility 

• Deliverables: 

• Operational technology solution concepts

• Next Steps:

• High-level Design Requirements

• Systems Software Development

40
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LEVERAGING SYSTEM PRESERVATION 

THREE BUCKETS OF FUNDING

• SAFETY

• ASSET MANAGEMENT

• MOBILITY

TSMO CORRIDOR PROJECTS CAN BE 
DEVELOPED THAT LEVERAGES SAFETY 
AND ASSET MANAGEMENT NEEDS.



• Delivery/Procurement Strategies

• Areawide/corridor specific operations

• Performance based service contracts

• P3/Resource-sharing opportunities

42

TSMO FUNDING AND PROCUREMENT

SHRP2 LO5
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SYSTEMS AND 
TECHNOLOGIES
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MOBILITY & OPS FUNCTIONAL AREAS

&
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CHART OPERATIONS

45



CHART OPERATIONS
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CHART SYSTEMS FOCUS AREAS

Advanced Traffic Management System (ATMS)

• Identify and track traffic flow disruptions 

using CCTV, Traffic Sensor Systems & remote 

weather stations 

• Send responders to correct the disruption

• Notify the public using DMS & HAR

• Send notifications to the media

Feeding data to a live traffic web site & MD 

511
47



CHART SYSTEM FOCUS AREAS

Emergency Operations Reporting System (EORS)

• Storm Event Reporting –utilization of personnel, 

equipment, materials and conditions 

• Snow Emergency Plans – Declared and managed 

for counties

• Event Mapping – specify conditions of predefined 

road segments.

• Route Restrictions – manage vehicle restriction 

information

• Post Storm Review & Archive

• Situational Awareness Reporting (SARS)/ Archive –

add event data at the district, EOC, CHART and 

PIO level 
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CHART SYSTEM FOCUS AREAS

Lane Closure Permitting System (LCP)
• Permit Management – add, edit, update, approve & 

delete

• List Permits – list, activate and print permits
• Permit Workflow –manage workflow rules for permit states

• Permit Reports – generate PDF reports for active and 

approved permits

• Permit Mapping – geo-locate a lane closure permit. 
• LCP Data Exporter services – Provides an interface for 

external applications to get LCP permit data 

World Wide Web Presence / Integrated GIS 

Mapping
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CHART SYSTEM/ ATMS USERS

Current Users of CHART Video and Data:

Over 36 agencies in over 91 operations centers

PARTNERS INCLUDE:

• Transportation Management

• Law Enforcement

• Highway Maintenance

• Emergency Operations

• Information Sharing

• Device Maintenance

50



CHART ATMS REQUIREMENTS

Federal Mandate 

(Sec 5206(e) of TEA–21) 

- Conformance with the 
National Intelligent 
Transportation Systems 
Architecture and Standards

- All ITS projects funded with 
highway trust funds shall be 
based on a systems 
engineering analysis.  

State Requirements 

(Finance and Procurement Title 3 §

3-403, Chap 467 & 468)

- CHART Systems Development is 

a Major Information Technology 
Development Project

- Rigorous Systems Development 

Life Cycle (SDLC) Methodology 
are mandated 

WATERFALL MODEL/ LINEAR APPROACH51
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THE MOVE TO AGILE

• Helps teams respond to unpredictability 
through incremental, iterative work 
cadences, known as sprints

• Each major activity occurs concurrently, 
organized into cycles

• Work is continuous, with frequent small 
deliveries that add up to releases

• Customers have frequent opportunities to 
interact with slices of product

• Changes in customer need, team 
adaptations, and process improvements 
are immediately integrated into the next 
iteration

52



LEVERAGE MAJOR TSMO PROJECT 
IMPLEMENTATIONS 

• I-270 ICM Project mainstreams 
Coordinated Adaptive Ramp 
Metering, Dynamic Speed 
Limits

• I-695 TSMO Project will 
implement Dynamic HSR 

• TSMO System-1 will develop 
integrated freeway/ arterial 
operation strategies

• Statewide Freight Program will 
develop Smart Truck Parking 
and Advisory Systems
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THE NEXT 4 YEARS FOR ATMS

Use of Artificial 
Intelligence

Cybersecurity

Getting Ready 
for CAV Future

Incident 
Mgmt. & 

Traveler Info.

Active Traffic 
Management

Integrated 
Corridor 

Management

CAV Future
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SMART TRAFFIC SIGNALS PROJECT

• MDOT SHA owns :
• 3,647 traffic control signals.

• MDOT SHA’s Office of Traffic and Safety maintains all but 750 +/-of these signals.

• Controllers - Econolite ASC/3 or Econolite Cobalt

• Detection – Video camera, non-invasive micro loop probes, 
inductive loop, radar based detection, thermal detection

• Communication – Telephone Service with Dial-Up Modems 
and Ethernet Based High Speed Data Communications with 
Cellular  Modems
• 2,624 traffic control signals have some form of communication.

• Old ATMS (Aries) over 20 years old

• Timing Plans – Time of Day/Day of Week. Retimed every 3 
years or so
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MDOT SHA SIGNAL SYSTEMS

Traffic Relief Plan dedicated funding of 
$50.3 million for upgrading signal 
infrastructure

SMART SIGNALS

• Adaptive Signal Control 
Technology

• Upgraded Communication

• Signal Performance Measures

• SPaT Challenge

Opportunities for Traffic Responsive ATM 
and ICM strategies.56



MDOT COMMUNICATION NETWORK

57 SOC: Statewide Operations Center



• Reduces cost of cellular and T1 connections that 
are ineffective/outdated

• Needed for current transportation and public 
safety communication

• Future need for Smart Cities and Connected & 
Automated Vehicles (CAV)

• Economic growth, Mobility & Rural Broadband

• Provides a redundant path for mission critical 
communications in times of crisis and large scale 
Statewide emergencies

• Reduces contractual obligations / reliance on 
private networks

• Potential revenue (to cover maintenance cost) 
with Resource Sharing

FIBER JUSTIFICATION
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MAPPING FIBER NEEDS
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Potential ways to fund Maryland’s Fiber Network

• Project-based “dig once” initiative 

• (Add 15% for conduit/fiber installation)

• Statewide Project in Phases 

• Areawide Projects managed by District Offices

• Public Safety Justification through Operations Funds

• Grant Programs

• Homeland Security - $1 Billion annually

• Maryland’s Rural Broadband Initiative

FIBER FUNDING
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https://www.fema.gov/homeland-security-grant-program


DATA, ANALYSIS & 
PERFORMANCE 

MEASURES

61



• Real time applications

• Archived data applications

• Combination of in-house tools and UMD CATT 
Lab RITIS

• MDOT Common Operating Picture

• Big Data and Crowd Sourced Data Applications 

DATA TECHNOLOGY SUPPORTING TSMO
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CHART PERFORMANCE MEASURES

Since 1990, 

CHART has 

provided 

more than 

574,000

assists

In the same 

period, CHART 

has 

responded to 

more than 

287,000

incidents
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• Congestion & Reliability
(Segment Level/Trip Level)

• Accessibility/Connectivity

• Market Segments (businesses, 
commodity flows)

• Freight Fluidity (supply chains)

• Economic Metrics

TSMO PERFORMANCE MEASURES
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• MDOT SHA has partnered with UMD CATT to 
mainstream big data use for planning, TSMO and 
performance management

• Beta testing/ Prototyping in 2016-17 with 4 months 
of GPS trajectory data from INRIX 

• UMD CATT Lab currently under task for application 
development using 2018 INRIX O/D Trajectory Data

O/D TRAJECTORY
DATA UTILIZATION EXPERIENCE
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O/D TRAJECTORY
DATA UTILIZATION EXPERIENCE

• Heat map of trip origins reveals main trip generators

• Trips from activity zones are used to derive isochrones 

• Compute trip-based performance measures

• Determine distribution of traffic along major routes 

• Estimate turning movements at major intersections 

ACTIVITY ZONES, TRAVEL TIME CONTOURS, ACCESSIBILITY MAPS
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• Estimate O-D matrices (state, county, zip code, TAZ) for planning purposes

• Validate statewide travel demand models
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SIGNAL PERFORMANCE MEASURES

68

• Arrival on green

• Pedestrian delay

• Preemption events

• Split failures 

• Purdue Coordination diagrams

• Vehicle delay, v/c ratios

• Operating at 4 signals along 
MD 2 at Annapolis Harbor



TRUCK PARKING IN MARYLAND 

Undesignated Truck Parking
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TRANSFORMATIONAL
TECHNOLOGIES 
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A TIMELINE OF MARYLAND’S CAV ACTIVITIES
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MARYLAND CAV VISION & WORKING GROUP

"Uphold and enhance a Safe, Efficient, and Equitable

transportation future by delivering collaborative and leading-

edge CAV solutions.

Maryland is open for business and eager to realize the life-

saving and economic benefits of CAV technology, while 

ensuring safety for all.

We are embracing CAV technology and innovation through 

continuing collaboration with partners interested in 

researching testing, and implementing CAVs in MD."

CAV Actions in Maryland
72

http://www.mva.maryland.gov/safety/MarylandCAV/index.htm


CONNECTED & AUTOMATED VEHICLES (CAV)

• Prepare MDOT SHA for a CAV future by implementing the 

MDOT SHA CAV Strategic Action Plan

• US 1 Innovative Technology Deployment Corridor – pilot 

project combining ITS solutions and CAV technology to 

support incident and traffic management

• Established CAV “Champions” within MDOT SHA

• Mapping location of fiber to support CAV planning efforts

• Encourage submission of CAV-related project ideas
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https://maryland.maps.arcgis.com/apps/Cascade/index.html?appid=44c92899dc5249038f6c22ba29ac473b
https://mdotgov.sharepoint.com/sites/DCP/IPPD/CAV/SitePages/Home.aspx


2018 CAV ACCOMPLISHMENTS
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2018 CAV ACCOMPLISHMENTS
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CURRENT STRUCTURE

76



NATIONAL TIE IN
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MARYLAND’S EXPRESSION OF INTEREST PROCESS

MDOT provides an 

opportunity to 

collaborate with 

companies that are 

interested in 

researching, testing, 

and supporting

CAVs in Maryland.

78

http://www.mva.maryland.gov/safety/EOI-test-highly-automated-vehicles-in-Maryland.htm


MARYLAND’S CURRENT DEPLOYMENTS
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https://localmotors.com/2018/07/18/hey-olli-was-that-you-olli-circulates-national-harbor-for-nasto-conference/
http://www.mdot.maryland.gov/News/Releases2019/4_30_2019_MDOT_Partners_with_STEER_Tech


• High interest in:

• SPaT information (#1 request from companies nationally)

• Solutions relating to autonomous anything (e.g. truck platooning, mowers, etc.)

• Privacy concerns (e.g. SPY bill at federal level and StL issue at BPW)

• Spectrum talks (5.9 GhZ)

• Low interest in:

• Having government own and operate technology supporting CAV (too cumbersome)

• Restrictive standards that don't allow for innovative solutions

INDUSTRY INTEREST
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• Educate staff and bring them up to speed on what to expect 

• Development of strategic telecommunications infrastructure (regardless of technology)

• Implementation of a needs-based prioritization list of projects

• Review of long-term planning to determine range of impacts to State infrastructure

• Supports a more efficient funding strategy if projects can be scaled back given smarter 

mobility technology deployments (i.e. optimize system through CAV)

FOUNDATIONAL STEPS
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EDUCATION AND 
OUTREACH
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• MDOT SHA Internet Website

• MDOT TSMO SharePoint (Internal)

• TSMO University

TSMO AWARENESS, EDUCATION, TRAINING/
COMMUNICATIONS & OUTREACH

MDOT SHA TSMO 
Story Map

CAV Strategic Action 
Plan Story Map

MDOT Freight 
Story Map

MDOT SHA Mobility 
Performance

MDOT SHA Winter 
Operations

• GIS Story Maps

• Newsletters, Brochures, TSMO Articles, etc.

83

http://maryland.maps.arcgis.com/apps/Cascade/index.html?appid=6e3f677b66ba439abeefe935caa3565f
http://maryland.maps.arcgis.com/apps/Cascade/index.html?appid=44c92899dc5249038f6c22ba29ac473b
http://maryland.maps.arcgis.com/apps/MapJournal/index.html?appid=4426d366a4a14db4a0d0c14886df646c
http://maryland.maps.arcgis.com/apps/Cascade/index.html?appid=395db63ba8824c3994ff516d963531ff
http://maryland.maps.arcgis.com/apps/opsdashboard/index.html#/6d08c702819542babb89c6b5736e4460


• Identify District Teams/Champions 

• Develop/customize training programs - broader and functional area specific 

(2 hour/4 hour/full day versions) – Fall/Winter 2019

• Develop TSMO & CAV websites, newsletters, fact sheets, TSMO videos –

Summer/Fall 2019

• Develop education and outreach materials for partners, stakeholders and 

customers – Fall 2019

• Start working towards a Regional Operations Forum - Spring 2020

NEXT STEPS – TRAINING & OUTREACH
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WORKFORCE, RE-ORG   
&

PROCUREMENT 
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• Recruitment

•Compensation

•Classification

• Staffing Levels

• PINs

• Retention

TSMO WORKFORCE CHALLENGES
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• Succession Planning

• Bench Strength/ Pipeline

•Humans Capital Development

• Internal Promotions / External Hires

•Comp Time/ Uneven workload

FUTURE TSMO WORKFORCE 
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• Integrating Systems Engineering & Traffic Engineering Functions

• Role of Big Data & Crowd Sourcing Opportunities – Data Scientists

• GIS enabled Data Portals – Data Analysts

• Business Intelligence Experts 

• Network Engineers and System Integrators

• Procurement Specialists for TSMO/ Technology Projects

FUTURE TSMO WORKFORCE 
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IMPROVE MOBILITY THRU’ TSMO

• TSMO CONNECTS THE DOTS OF OUR 

ORGANIZATION

• NEED TO LOOK AT PLANNING, ENGINEERING, 

OPERATIONS & MAINTENANCE AS A WHOLE

• BUILDING A SYSTEMS OF SYSTEMS THRU’ 

TECHNOLOGY, INNOVATIONS AND 

PARTNERSHIPS

• MAXIMIZING THE FULL SERVICE POTENTIAL OF 

OUR INFRASTRUCTURE FOR CONNECTING OUR 

CUSTOMERS TO LIFE’S OPPORTUNITIES



QUESTIONS?

THANK YOU!
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CONTACT INFORMATION

JOSEPH SAGAL

Director, 

Office of CHART and ITS Development 

(410) 582-5605

jsagal@sha.state.md.us

SUBRAT MAHAPATRA

Deputy Director, TSMO & CAV

Office of CHART and ITS Development 

(410) 582-5613

smahapatra@sha.state.md.us

mailto:jsagal@sha.state.md.us
mailto:smahapatra@sha.state.md.us

