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Abstract

Fast, low-emitting, and cheap public transportation systems are essential for major cities
worldwide to thrive. Houston is a vibrant and rapidly expanding city with a wealth of jobs and
opportunities. Despite its position as a promising major city, Houston lacks effective public
transit and the majority of its citizens rely on cars for mobility. Transportation costs individual
Houstonians hundreds of hours, thousands of kilograms of carbon dioxide emissions, and
thousands of dollars each year. Houston needs a modern solution to transform its public
transportation system, support its expected growth, and increase the quality of life for its
citizens.

Autonomous vehicles have the ability to transform public transportation by encouraging
the move from a system with a small number of fixed-route, fixed-timetable vehicles to a
system boasting a large number of demand-responsive vehicles that provide a better service
through frequent trips and end-to-end mobility solutions. They serve as a possible forward-
thinking solution that can potentially reduce costs, emissions, and journey times.

This dissertation postulates the use of autonomous systems as a means of delivering a new
type of public transport service in Houston and assesses the credibility of the concept against
the objective sustainability criteria of social, financial, and environmental performance.

This work follows a distinct methodology to explore autonomous vehicle use through
multiple applications across the Houston network. For the different applications, the demand
is defined, existing public transit is investigated, performance and service level targets are set,
routes and infrastructure are determined, the fleet is defined, the economics are estimated, and
the emissions are calculated. This methodology is applied to the different areas of Houston
including the Texas Medical Center, Downtown, and the commute form the suburbs to central
Houston.

Results suggest that autonomous transport systems have great potential in Houston with
regards to social, environmental, and financial standards. Autonomous systems have the
potential to provide faster services (including wait times, in-vehicle travel times, and walking
times), reduce emissions (in 2/3 of the cases), and be self-financing even if priced at existing
public transport fare prices (assuming they pass certain ridership thresholds).
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Chapter 1

Introduction

1.1 Need for Public Transportation in Houston

The Greater Houston Metro Area is home to 7 million inhabitants, making it the fourth most

populous city in the United States [1] [2]. It has seen the fastest growth out of any American

metro area in the past 25 years and is projected to grow to 10 million inhabitants by 2040

[3] [4]. Central Houston is not only a residential city, but also a major employment center,

hosting 3.1 million jobs [2] [5]. Four of the employment districts within central Houston

make the list of the top 15 central business districts (CBDs) in the United States [6]. In order

to continue to grow and thrive, Houston needs an effective public transit system.

A sprawling city of 1,700 square kilometers, Houston's population is sparsely distributed,

with a population density of 4,000 people per square kilometer [7] [8]. Chicago, the third

most populous U.S. city, has a population density 3x that of Houston's [9]. Due to the

distributed nature of the population, traditional forms of mass transit such as rail or subway

have limited use. Therefore, cars are the dominant form of transportation and Houston is

categorized as an "automobile city" where only 2.4% of Houston commuters use public

transport, while most others drive [10] [11]. Population density and transport-related energy

consumption per capita are inversely related, illustrated by the Newman and Kenworthy

hyperbola in Figure 1.1 [10].
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Fig. 1.1 Population Density and Transport-Related Energy Consumption [10]

Public transportation systems must adapt to serve different types of communities, not just

densely populated mega-cities. This way, Houston can switch from an "automobile city" to a

public transit city.

Houston's reliance on automobiles leads to a variety of negative consequences including

high emissions, air quality issues, traf�c, lost time, high costs, and a reduction in safety. As

seen in Figure 1.1, Houston has the highest transport-related energy consumption per capita

of all major cities worldwide [10]. In addition, Texas is the state with the highest absolute

emissions [12]. Houston leads the cities in Texas with the highest emissions per capita, 48%

of which result from the transportation sector, illustrated in Figure 1.2 [13].
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Fig. 1.2 Houston 2014 Emissions Breakdown by Sector (million metric tonnesCO2e) [13]

In addition to carbon dioxide emissions, passenger vehicles emit methane, nitrous oxide,

and hydro�uorocarbons [14]. Along with greenhouse gases, Houston's air also hosts high

levels of particulates and ozone, leading to degraded air quality for 85 days in 2016 [15]. This

puts millions of people at risk of asthma attacks, cardiovascular disease, and even premature

death [15]. In addition, it is extremely time-consuming and expensive for commuters to

travel to work. The scene in Figure 1.3 is common for Houston's highways.

Fig. 1.3 Typical Houston Highway During Rush Hour [16]



4 Introduction

Houstonians have one of the longest commutes in the Unites States, averaging at 59

minutes round trip [17]. The average one-way distance travelled is 12.2 miles, the second-

longest commute by distance in the country [18]. This means that Houston drivers lose 10

days each year just to driving [18]. Houstonians have the second most expensive commute

in the nation, spending $174,000 over their lifetime on fuel and vehicle costs [19]. Finally,

Houston's roads are the deadliest in the nation with 640 deaths each year due to road related

incidents [20]. Studies show that 90% of car accidents are caused by human error [21].

Effective public transport can mitigate emissions, increase public health, and save commuters

time, money, and possibly their lives.

A public transportation solution is necessary to support Houston's position as a major

city. A METRO survey shows that "Houston-area residents, whether they live in the urban

core, a city neighborhood, or a suburb, want fast, ef�cient, affordable mass transportation

[22]." In addition to a cry for public transit from its inhabitants, many prominent members of

Houston's community have expressed the need for a public transit system. According to Bob

Harvey, the President and CEO of the Greater Houston Partnership, “moving Houstonians to

and from work no matter where they are in the region, is essential to the upward mobility of

our people and ultimately, Houston's success as a great global city [22].”

A mass transit system should be planned with three considerations in mind: the social,

environmental, and �nancial impact of the system.

Fig. 1.4 Public Transit System Considerations

In order to encourage commuters to eschew private car use, a public transit system must

be more attractive than car travel. This requires certain social bene�ts from the system:

frequent options, quick journeys, decreased congestion, and the ability to take the traveler

from point A to point B. For this project to be realistic, it must be low cost both for the
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City of Houston and for commuters. Finally, the new system must help in the �ght to

mitigate climate change and therefore should decrease emissions compared to the current

transportation system.

There are different choices for a system: traditional bus, rail, or forward-looking au-

tonomous systems. This dissertation investigates the potential for autonomous systems to

deliver a new type of public transport service in Houston, and assesses the concept against

the sustainability criteria of social, �nancial, and environmental performance.

1.2 Current and Proposed Public Transport in Houston

Current Public Transit

Houston currently has many different public transit modes: 23 miles of light rail traversing

central Houston, 1,200 buses across greater Houston, and 28 different Park & Ride routes

for commuters traveling from the suburbs to central Houston [23][24]. Most of these transit

options, which will be discussed in more detail in subsequent chapters, are owned and

operated by the Metropolitan Transit Authority of Harris County (METRO). Despite the

wide variety of transportation options, the transit system is far from a success, with only

2.4% of Houstonians using public transit to commute to work [11]. For this, Houston has

been spending time, money, and effort to explore ways to expand and better the public transit

system.

Proposed Public Transit

Houston METRO has proposed the MetroNext Moving Forward Plan to improve public

transport in Houston [4]. The plan aims to increase connectivity, reduce travel times,

incorporate advanced technologies, and enhance customer experience [4]. This plan proposes

spending $7.5 billion to expand upon traditional transport infrastructure such as light rail,

buses, park & rides, and bus rapid transit [25] [4].

Though the plan does not mention autonomous vehicles (AVs), self-driving vehicles could

help METRO reach all the goals outlined. METRO's plan takes place in 4 stages: draft a

rough outline, receive public feedback, revise based on the feedback, and implement the �nal

plan [4]. Though this plan is to be implemented by the year 2040, the infrastructure invested

in will last for decades longer. For this, the plan must be forward-thinking, investing in

infrastructure that people will use a century from now. Because autonomous technology has

the ability to transform the transportation sector, AVs should be considered when planning the

future of Houston transit systems. This dissertation will explore the possibility of autonomous
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systems as a means of public transit in Houston. The goal is to present the results to Houston

METRO, the City of Houston, and other in�uential groups to encourage the consideration of

autonomous vehicles in transport planning, speci�cally for the MetroNext plan.

1.3 Changing Nature of Public Transportation

Until recently, mass transportation systems relied upon technology created decades or even

centuries ago. Most public transit systems integrate rail, light rail, metro cars, trams, and

buses [26]. The newest of these technologies is light rail, introduced in the United States in

1972 [27]. This stagnation in innovation has ended with the in�ux of new technology in the

transportation sector. Autonomous and connected vehicles will irrevocably alter the nature

of public transit.

Role of Autonomous Vehicles

Autonomous vehicles hold the key to transforming public transport. AVs can serve �rst

mile/last mile needs; offer frequent, small services; and provide �exible, demand-responsive

services. The �rst/last mile of transit refers to the beginning (�rst mile) and end (last mile)

of an individual journey. There is often limited connectivity between an individual's initial

location and the transit pick-up or between the transit drop-off and their intended destination.

This can prevent commuters from using public transit if they have no easy way of getting

to and from the transit system. Because AVs can be applied to the �rst/last mile of transit,

they can attract more users who previously did not have convenient access to existing transit

systems. This would help create a fully integrated and accessible system that can get a

user from point A to point B. Because they do not require a driver, AVs allow for frequent

small services. This transforms the transportation system from one with a small number of

large vehicles to one with a large number of small vehicles. More frequent services reduce

commute times and increase convenience. The advantage of private cars is that one can hop

in a car and get wherever they want whenever they want. If a public transportation system is

comprehensive so that commuters can get from anywhere to anywhere with short wait times,

it can challenge the dominance of cars and thus change the face of transit with a big impact

for the people of Houston.
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1.4 State of Autonomous Vehicles

History of Autonomous Vehicles

Autonomous vehicles are poised to change the landscape of the transportation system. Only

8 decades ago, the idea of AVs would have been considered science �ction. An AV refers

to a vehicle capable of driving itself without the control of a human driver [28]. This idea

was �rst showcased in 1939 by General Motors at the Futurama exhibit [29]. Research

continued over the next couple of decades, picking up more traction in the late 1970s when

a Japanese laboratory group built an AV with image processing [30]. The idea became

more mainstream in the mid 1980s when university research groups and some automotive

companies began to seriously research the possibility of self-driving vehicles [30]. In 1995,

Carnegie Mellon University and Bundeswehr University Munich demonstrated vehicles

capable of steering themselves for 98% and 95% of the journey respectively [30]. The U.S.

Defense Advanced Research Projects Agency (DARPA) hosted its �rst Grand Challenge

in 2004 for universities or companies developing AVs to showcase their technology and

compete against other groups with the goal of “spurring on American ingenuity to accelerate

the development of autonomous vehicle technologies” [31]. Though no team successfully

completed the course, �ve teams completed the following year's Grand Challenge course

with Stanford's team winning �rst place [30]. Now, many companies have joined academics

in the �eld of AVs.

How it Works

AVs use a “sense-plan-act” technique to perform the task of driving [30]. The vehicles have

a suite of advanced sensors to “see” the environment around them, plan their actions based

on the environment, and then execute the action [30]. Autonomous vehicles have many

advantages over human drivers, but there are also many challenges associated with the sense

portion of AV technology, summarized in Figure 1.5.




	Table of contents
	List of figures
	List of tables
	Nomenclature
	1 Introduction
	1.1 Need for Public Transportation in Houston
	1.2 Current and Proposed Public Transport in Houston
	1.3 Changing Nature of Public Transportation
	1.4 State of Autonomous Vehicles
	1.5 Approach to the Problem
	1.6 Methodology
	1.7 Goal of Dissertation

	2 Last Mile: Texas Medical Center
	2.1 Texas Medical Center Overview
	2.2 Demand
	2.3 Existing Transport Options
	2.3.1 Shuttle System
	2.3.2 Light Rail

	2.4 Performance and Service Level Targets
	2.4.1 Capacity
	2.4.2 Journey Time
	2.4.3 Frequency

	2.5 Routes and Infrastructure
	2.5.1 Routes
	2.5.2 Infrastructure

	2.6 Vehicle Fleet
	2.6.1 Vehicle Size
	2.6.2 Number of Vehicles

	2.7 Economics
	2.7.1 Summary of Costs
	2.7.2 Sensitivity Analysis
	2.7.3 Economics Comparison
	2.7.4 Financial Viability
	2.7.5 Sensitivity Analysis
	2.7.6 Financing Solution

	2.8 Emissions

	3 Last Mile: Downtown
	3.1 Downtown Overview
	3.2 Demand
	3.3 Existing Transport Options
	3.3.1 Light Rail
	3.3.2 Bus

	3.4 Performance and Service Level Targets
	3.4.1 Capacity
	3.4.2 Journey Time
	3.4.3 Frequency

	3.5 Routes and Infrastructure
	3.5.1 Routes
	3.5.2 Infrastructure

	3.6 Vehicle Fleet
	3.6.1 Vehicle Size
	3.6.2 Number of Vehicles

	3.7 Economics
	3.7.1 Summary of Costs
	3.7.2 Sensitivity Analysis
	3.7.3 Economics Comparison
	3.7.4 Financial Viability
	3.7.5 Sensitivity Analysis
	3.7.6 Financing Solution

	3.8 Emissions
	3.8.1 Sensitivity Analysis


	4 Transit from Outer to Central Houston
	4.1 Suburbs Overview
	4.2 Demand
	4.3 Existing Transport Options
	4.3.1 Park & Ride

	4.4 Performance and Service Level Targets
	4.4.1 Capacity
	4.4.2 Journey Time
	4.4.3 Frequency

	4.5 Routes and Infrastructure
	4.5.1 Routes
	4.5.2 Infrastructure

	4.6 Vehicle Fleet
	4.6.1 Vehicle Size
	4.6.2 Number of Vehicles

	4.7 Economics
	4.7.1 Summary of Costs
	4.7.2 Sensitivity Analysis
	4.7.3 Economics Comparison
	4.7.4 Financial Viability
	4.7.5 Sensitivity Analysis

	4.8 Emissions

	5 First Mile
	5.1 Overview of Houston Suburbs
	5.2 Large Neighborhoods
	5.2.1 Example: Sugar Land

	5.3 Small Neighborhoods
	5.3.1 Example: Nassau Bay
	5.3.2 Example: Thompsons


	6 Sustainability Evaluation
	6.1 Integrated Journey
	6.2 Evaluation of Autonomous System
	6.2.1 Social
	6.2.2 Environmental
	6.2.3 Financial


	7 Conclusion
	References
	Appendix A Last Mile:Texas Medical Center
	A.1 Performance and Service Level Targets
	A.1.1 Journey Time
	A.1.2 Frequency

	A.2 Economics
	A.2.1 Sensitivity Analysis
	A.2.2 Economics Comparison
	A.2.3 Financial Viability

	A.3 Emissions

	Appendix B Downtown
	B.1 Downtown Overview
	B.2 Existing Transport Options
	B.2.1 Bus

	B.3 Vehicle Fleet
	B.3.1 Number of Vehicles

	B.4 Economics
	B.4.1 Sensitivity Analysis
	B.4.2 Economics Comparison
	B.4.3 Financial Viability

	B.5 Emissions
	B.5.1 Sensitivity Analysis


	Appendix C Transit to Central Houston
	C.1 Performance and Service Level Targets
	C.1.1 Journey Time
	C.1.2 Frequency

	C.2 Economics
	C.2.1 Sensitivity Analysis
	C.2.2 Financial Viability


	Appendix D Sustainability Evaluation
	D.1 Evaluation of Proposed System
	D.1.1 Social
	D.1.2 Environmental
	D.1.3 Financial



