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Introductions

• FHWA Team
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• Leidos Team

– Hani Mahmassani, PI
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Project Tasks Overview

1. Project Management

2. Stakeholder Interaction

3. Development of Concept of Operations

4. Review of Prior Work

5. Data Assessment

6. Tool Assessment

7. Gap Analysis

8. Framework Development

9. Prioritization for CAV Study

10. CAV AMS Small-Scale Study - Proof of 
Concept
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Progress



Stakeholder Survey

• Understand state of the practice and user 

needs

• https://www.surveymonkey.com/r/V92LF8

Y
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https://urldefense.proofpoint.com/v2/url?u=https-3A__www.surveymonkey.com_r_V92LF8Y&d=DwMFaQ&c=yHlS04HhBraes5BQ9ueu5zKhE7rtNXt_d012z2PA6ws&r=vaHwA7LSfwjM-LcDJcDBlkZIv1mjjDZX1dClyvj858c&m=lLRTSz7XxRC8nMkF11t5GSOhMAwEha__ZEb_Osnv0O4&s=rSV4IdncO6HUy79aaqce7-nOPJ5zXx1I9asIC1wI5O4&e=


Background and Understanding I
• CAV systems are likely to be major game changers in 

traffic and mobility.

• No longer a question of if, but of when, in what form, at 
what rate, and through what kind of evolution path. 

• Agencies at a loss for how to approach the problem, and 
how to go about planning and designing for new 
operational regimes in which vehicles are connected to 
each other and to the infrastructure, and augmented with 
automated capabilities.

• Present modeling and simulation tools not adequate to 
capture either demand or supply-side implications for the 
transportation system.

• At the root of these impacts are the flow and operational 
aspects of CAV vehicles, especially as these become part 
of the traffic mix served by our transportation 
infrastructure.

• These aspects are determined by human decisions, as 
drivers, owners, users of connected/autonomous vehicles.
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Background and Understanding II

- Performance of connected systems, increasingly part of the Internet of Things in 
smart cities, intrinsically related to telecommunications aspects.

- Broader planning considerations:

- Demand side:  impact of CAV on individual and household activity patterns

- Supply side:  emergence and growing role for shared mobility fleets, though 
private ownership not likely to go away.

- Future deployment likely to see slow penetration of connectivity in certain parts of the 
network, and initial automated vehicle fleets, in selected environments: Need to model 
CAV capabilities in mixed traffic flows, with both human drivers and robotic ones.
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USDOT Connected Vehicles Pilot 

Program
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USDOT Connected Vehicles Pilot 

Program II
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• Phase 1: Concept Development (COMPLETE) 
 Creates the foundational plan to enable further design and deployment 

• Phase 2: Design/Deploy/Test (CURRENT PHASE- began September 1, 2016)
 Detailed design and deployment followed by testing to ensure 

deployment functions as intended (both technically and institutionally)
• Phase 3: Maintain/Operate

 Focus is on assessing the performance of the deployed system
• Post Pilot Operations (CV tech integrated into operational practice)



Federal Automated Vehicle Policy

• NHTSA released the Policy in September 2016 to guide manufacturers and 

other entities in the safe design, development, testing, and deployment of 

Highly Automated Vehicles (HAVs).

• The policy outlines best practices for the safe pre-deployment design, 

development and testing of HAVs prior to commercial sale or operation on 

public roads.

• It confirms that States retain their traditional responsibilities for vehicle 

licensing and registration, traffic laws and enforcement, and motor vehicle 

insurance and liability regimes while establishing a consistent national 

framework for HAV deployment

• It identifies potential new tools, authorities and regulatory structures that 

could aid the safe and appropriately expeditious deployment of new 

technologies by enabling the Agency to be more nimble and flexible
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Levels of Automation

• The Federal Automated Vehicle Policy adopted the SAE 
International definition of the levels of automation:
– Level 0: the human driver does everything

– Level 1: an automated system on the vehicle can sometimes assist the 
human driver conduct some parts of the driving task

– Level 2: an automated system on the vehicle can actually conduct 
some parts of the driving task, while the human continues to monitor the 
driving environment and performs the rest of the driving task

– Level 3: an automated system can both actually conduct some parts of 
the driving task and monitor the driving environment in some instances, 
but the human driver must be ready to take back control when the 
automated system requests

– Level 4: an automated system can conduct the driving task and monitor 
the driving environment, and the human need not take back control, but 
the automated system can operate only in certain environments and 
under certain conditions

– Level 5: the automated system can perform all driving tasks, under all 
conditions that a human driver could perform them
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Challenges and Solutions

1. Wide ranging nature of policy, planning and operations 
questions that models called upon to address.

– Solution: Highly qualified, and multi-skilled team understands 
interplay between policy needs and model capabilities, and can 
propose/devise tools to address needs at different levels of detail 
and development effort.

2. Data may not be available for developing/calibrating 
models of driver behavior and CAV driving, especially in 
mixed traffic streams.

– Solution:  Demonstration projects and field tests are multiplying for 
CAVs, and serve as one source of data.  Where data is insufficient 
or unreliable, extensive sensitivity analysis viz. model parameters 
may be conducted to develop robust forecasts.  Study will 
recommend data collection/field tests to address key gaps.
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Challenges and Solutions

3. Considerable uncertainly on planning side: (1) household 
activity scheduling adjustment, auto ownership...; and (2) 
emergence of new business supply models (e.g. driverless 
UBER and other shared mobility concepts).
– Solution: Such uncertainties best addressed through scenario planning, 

where alternative future scenarios serve as inputs to the models that then 
project and evaluate the impacts of these inputs.

4. The pace of technology development may be faster than the 
rate of development of models to capture the impact of these 
technologies, rendering the results of this work obsolete from 
the get-go. 
– Solution: While this risk will always exist for technology-related 

developments, framework developed under this study will be sufficiently 
robust to capture variations on the existing versions of the technologies as 
these become concrete possibilities.

13



Project Objectives

• The objective of this task order is two-fold: 

1. Lay foundational framework for development of AMS tool capability 
that includes connected and automated vehicles, and 

2. Engage in small scale V2I AMS development, using this framework, 
that encourages future development activities, toward a vision where 
practitioners have CAV-aware tools available.

• The project sets the context for developing the AMS tool framework by 
introducing a broader methodological framework for evaluating the 
changes entailed by CAV technology to:

1. Supply of mobility services 

2. Demand and behavioral changes 

3. Network/facility operational performance 
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Project Tasks Overview

1. Project Management

2. Stakeholder Interaction

3. Development of Concept of Operations

4. Review of Prior Work

5. Data Assessment

6. Tool Assessment

7. Gap Analysis

8. Framework Development

9. Prioritization for CAV Study

10. CAV AMS Small-Scale Study - Proof of 
Concept
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Progress



Project Management and 

Stakeholder Interaction

• Task 1: Project Management

– Manage project to ensure timely delivery of 

products within allocated budget

• Task 2: Stakeholder Interaction

– Identify relevant stakeholder groups and 

engagement opportunities for providing input 

and validation during the project.

– The stakeholder groups include (1) Users, (2) 

Researchers, and (3) Model Developers
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Task 3: Development of Concept of 

Operations and System Requirements

• The purpose of this document is to provide a conceptual 
overview of the development of an 
analysis/modeling/simulation (AMS) framework to evaluate 
the impacts of connected and automated vehicle technology 
(CAV) at the strategic and operational levels. 

• It is intended to provide a vehicle for stakeholder discussions 
to guide the development of the AMS framework and ensure 
its alignment with the identified users’ needs.

• Specifies full range of questions, define performance metrics 
of interest.

• Focused on mechanisms by which the CAVs actually 
influence the performance of the transportation system. 

17



Task 4: Review and Assessment of 

Prior/Current Work
• General body of work on planning impacts; mostly speculative

• Technology developments; IoT and smart cities

• Work from 1990’s on automated highway ideas from early ITS 

days. Mostly dealing with flow stability and coordinated 

• platooning (Shladover et al.; Varaiya et al.; Ioannou et al.; Ran 

et al…).

• Latest and greatest in traffic microsimulation

• Wireless telecommunications: VANETS, V2I, Latency, 

reliability, dropped messages…

• Recent wave of work on micro-simulating CAV’s

• US DOT studies and demonstration projects.
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Task 5: Data Assessment

• Define data requirements

• Assess data availability, in what form

• Assess existing demonstrations

• Obtain and review potentially useful data

• Identify data needs systematically, specify 

possible sources.
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Task 6: Tool Assessment
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Strategic Level Planning Framework

Identify and document 
capabilities of existing AMS 
tools for analyzing CAV 
applications at the 
operational and planning 
levels 

 Microscopic
 Mesoscopic
 Macroscopic 



Task 6: Tool Assessment
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Potentially major changes in
 Travel and activity 

behaviors
 Supply side, e.g. new 

mobility options 

Strategic Level Planning Framework with CAV



Task 7: Gap Analysis

Are Tools Adequate?

• Existing state-of-the-art tools could

address incremental scenario

• Flow modeling aspects require additional calibration as 
technology prototypes appear; interaction between 
driverless and other vehicles biggest challenge, but 
traffic modeling community is rising to the task.

• More uncertainty on behavior side, though incremental 
scenarios could be explored under selected 
assumptions.

• Telecommunications aspects of V2V and V2I missing 
from existing traffic models
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Task 7: Gap Analysis II

Are Tools Adequate?

• New mobility supply options under Less Incremental 
Scenario II are not within scope of any existing models

• There are no models in planning practice that can 
predict emergence of new modes and forms of 
mobility

• Typically provided exogenously to the models, in the 
form of scenarios to be analyzed.

• Existing models (ABM and supply-side) not up to the 
task of modeling full implications of these new mobility 
supply scenarios.
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Task 8: Framework/Architecture 

Development
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Trip 
Patterns

System 
Configuration



Illustration of CAV’s Effect on Flow Performance
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10% R– 0% C – 90% A 10% R– 20% C – 70% A 10% R– 40% C – 50% A

10% R– 50% C – 40% A 10% R– 70% C – 20% A 10% R– 90% C – 0% A

THROUGHPUT and SPEED-DENSITY RELATION
SENSITIVITY ANALYSIS – MIXED ENVIRONMENT



Illustrating effect of CAV on Flow Performance II
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• Low market penetration rates of 

autonomous and connected 

vehicles do not result in a 

significant increase in bottleneck 

capacity.

• Autonomous vehicles have more 

positive impact on capacity 

compare to connected vehicles.

• Capacities over 3000 

veh/hr/lane can be achieved by 

using autonomous vehicles.

Autonomous, Connected, and 

Regular Vehicles

THROUGHPUT Simulation results



Connected Vehicles Technology

Communication
• It is important to consider the V2V/V2I communications when modeling a connected 

environment.

• Connectivity through the vehicular ad hoc network (VANET) is a key element.

• Most of these studies,

• Assume homogenous Poisson distribution for vehicles along a road segment.

• Consider road segments as one-dimensional objects.

• Assume normal distribution for speed.

• It is important to study the connectivity of VANET by considering

- Non-homogenous distribution for vehicles along

a road segment.

- Road segments as two-dimensional objects.

• Existence of a communication link between 

two nodes depends on,

- Wireless technology

- Transmission power and rate

- Distance and geographical location

- Signal propagation and interference
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Clustering Algorithm
What is a cluster? 

• Each cluster consists of,
o One cluster head

o Several cluster members

• Assumption: cluster members can only communicate 
with the cluster head (1-hop communication between 
cluster members).

• A cluster head can communicate with cluster members 
and other cluster heads from other clusters.

• This study incorporated driving history and driver 
heterogeneity, in addition to the usual distance and 
speed measures into VANET clustering algorithms.

28



NS3 Implementation – Packet 

Delivery
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Task 9: Prioritization/Plan for V2I 

Study

• Team will engage with USDOT and relevant 

external stakeholders to prioritize and identify 

initial CAV AMS capability that will be used as 

a test case. 

• A documented plan will defines the capability 

development, including expected impacts 

(and performance measures), data sources 

and data collection plan, and revise the 

document based on the feedback received.
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Task 10: CAV AMS Pilot Small-Scale 

Study/Proof of Concept of Prototype

– Demonstrate prototype traffic-telecom microsimulation platform 
in a limited area where subnetwork is already coded and 
available to the team (e.g. NUTC ATDM work) 

– The focus would be to understand the strengths and 
weaknesses of the modeling approach, as well as to investigate 
key properties of traffic systems with mixed CAV traffic streams.

– Another direction: much broader approach, and do walkthrough 
of the broader network assessment framework at a strategic 
level.  Not simulation experiments but rather a conceptual 
outlining and specification of how the framework might be 
applied, and identification of areas of limitations from the 
standpoint of the planning agencies engaged in the pilot.
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Contact Information

• FHWA

Chris Melson   Christopher.Melson@dot.gov

John Halkias John.Halkias@dot.gov

• Research Team

Hani Mahmassani masmah@northwestern.edu

Jiaqi Ma   Jiaqi.Ma@Leidos.com
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Thank you

Q&A


