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ABSTRACT 

State and local governments are required by federal and state laws and regulations to provide 

and maintain accessibility on their sidewalks and pedestrian facilities. Failure of public agencies to 

comply with these requirements resulted in injuries and subjected several state and local governments 

to costly non-compliance penalties and legal settlements. To provide better service to people with 

disabilities and avoid accessibility related penalties, state and local government need to achieve full 

compliance with accessibility laws and regulations by conducting self-evaluations and developing 

transition plans. Self-evaluations must be created and frequently updated by state and local 

governments to assess the compliance of their pedestrian network with accessibility requirements. 

Transition plans must include a detailed schedule of all upgrade projects that are required to achieve 

full compliance with accessibility requirements. These self-evaluation and transition plan requirements 

proved to be a challenging task for state and local governments due to (1) the large size of their 

pedestrian networks, (2) the limited availability of resources, and (3) lack of specific guidance in 

accessibility regulations and standards on how to execute these tasks efficiently. Accordingly, decision 

makers in state and local governments need to improve the efficiency of self-evaluation and optimize 

the development of transition plans to maximize their compliance with accessibility requirements 

within their limited budgets and resources. 

The main goal of this research study is to develop novel models, methodologies, and 

frameworks for maximizing the compliance of sidewalks and pedestrian facilities with accessibility 

requirements. To accomplish this goal, the research objectives of this study are to develop: (1) a 

comprehensive literature review of the latest laws, regulations, standards, guidelines, best practices, 

court cases, and legal settlements; (2) an effective and concise accessibility field guide; (3) a novel and 

practical framework for automating the extraction and modeling of sidewalk conditions, dimensions, 

and geometry from image; (4) a new methodology for assessing the degree of non-compliance of 
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pedestrian facilities with accessibility requirements; and (5) an innovative multi-objective model to 

optimize the development and execution of transition plan. 

The performance of the developed models, methodologies, and frameworks was analyzed using 

real-life case studies. The results of analyzing these case studies illustrated the novel, unique, and 

practical capabilities of the research outcomes in enabling decision makers to improve the efficiency 

and effectiveness of their self-evaluations and optimize the development and execution of their 

transition plans. These capabilities will result in increasing the accessibility of sidewalks and pedestrian 

facilities for people with disabilities, which will improve their participation in public activities and 

assist state and local governments in achieving full compliance with accessibility requirements. 
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CHAPTER 1 -  INTRODUCTION 

1.1. Overview and Problem Statement 

State and local governments are required by Federal laws and regulations to provide and 

maintain accessibility on their sidewalks and pedestrian facilities (U.S. Congress 1990). In order to 

provide and maintain accessibility, laws and regulations require State and local governments to perform 

self-evaluations to assess existing accessibility conditions on their sidewalks and pedestrian facilities, 

and develop a transition plan that states in detail the actions and measures needed to bring these 

sidewalks and pedestrian facilities to full compliance with accessibility requirements. State and local 

governments must keep their self-evaluations and transition plans up to date to comply with Federal 

regulations (U.S. Department of Justice 2010a). 

Failure of public agencies to provide and maintain accessibility on their sidewalks and 

pedestrian facilities has resulted in costly settlements. Examples of these settlements include: (1) City 

of Los Angeles, which agreed in 2015 to spend $1.4 billion on upgrading the city’s sidewalks over 30 

years starting in 2015, the settlement was given preliminary approval by the United States District 

Court, C.D. California in February 2016 (“Willits v. City of L.A.” 2016); (2) California Department of 

Transportation (Caltrans), which agreed in a settlement in 2010 to spend $1.1 billion of highway funds 

over the period of 30 years to upgrade neglected accessibility elements (CDR v. Caltrans 2010); (3) 

City of Chicago, which agreed in 2007 to spend $50 million of new money over the period of five years 

to upgrade the city’s sidewalks to comply with accessibility standards, in addition to $18 million each 

year installing curb ramps and sidewalks as a part of the City's annual resurfacing work (“Council for 

Disability Rights v. City Of Chicago” 2007); (4) City of Atlanta, which agreed in 2008 to pay $3 million 

to a person with a disability who suffered injuries due to inaccessible conditions; and (5) City of 

Sacramento, which agreed in 2002 to allocate 20% of its annual transportation fund for the following 

30 years to ensure compliance of its pedestrian facilities with accessibility standards (“Barden v. 
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Sacramento” 2002). To avoid and minimize these costly settlements, State and local governments need 

to develop and frequently update self-evaluations and transition plans to comply with accessibility 

requirements on their sidewalks and pedestrian facilities.  

1.1.1. Self-Evaluations 

In order to maintain accessibility on their sidewalks and pedestrian facilities, State and local 

governments need to evaluate the compliance of their sidewalks with accessibility requirements 

regularly. For example, if a tree root grows under a sidewalk causing the sidewalk pavement to crack 

resulting in a change in slope, texture, or creating a gap of more than 0.5 inch, this sidewalk shall be 

considered non-complying with accessibility requirements. Accordingly, this segment of the sidewalk 

shall be documented in a self-evaluation as non-complying as soon as possible. State and local 

governments need to perform self-evaluation after severe weather events or disasters that might result 

in reducing accessibility on sidewalks and pedestrian facilities such as hurricanes, tornadoes, and 

storms. 

To perform the required self-evaluations, State and local government often need to use 

significant resources (e.g. personnel, equipment, and funds) to measure and document the existing 

conditions of all their sidewalks and pedestrian facilities. Currently, most State and local governments 

use traditional evaluation methodologies (e.g. manual measurements, paper drawings, and human 

inspection) to perform self-evaluations of their sidewalks and pedestrian facilities. Availability of 

resources and personnel form a great challenge for most State and local governments, and often result 

in delays or inability to perform the required self-evaluation. Millions of dollars are spent annually on 

settlements and alterations due to the inability of State and local governments to allocate the resources 

needed to keep their self-evaluations up to date. These challenges create an urgent need for improving 

the efficiency and effectiveness of conducting the required self-evaluations.  
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1.1.2. Transition Plans 

Federal laws and regulations require State and local governments to develop a transition plan 

that clearly states, in detail, all the actions and measures needed to bring their sidewalks and pedestrian 

facilities to full compliance with accessibility requirements. This transition plan depends on the 

outcomes of the aforementioned self-evaluation.  

Transition plans require the collaboration of designers, engineers, and construction inspectors 

to select and design the most efficient actions and measures needed to bring sidewalks and pedestrian 

facilities to full compliance with accessibility requirements. Transition plans are also required to 

indicate the priority of altering each of the non-complying segments of sidewalks and pedestrian 

facilities that are documented in a self-evaluation. State and local governments are required to keep 

their transition plans up to date according to their latest self-evaluations. Whenever a segment of a 

roadway or pedestrian facility under the jurisdiction of a State or local government is identified and 

documented in a self-evaluation as non-compliant with accessibility requirements, it should 

immediately be included in their transition plan. 

The development and execution of these transition plans need to be optimized to ensure that 

the State and local governments can use their limited budgets in the most cost-effective manner to 

achieve maximum compliance for their sidewalks and pedestrian facilities with accessibility 

requirements. Achieving maximum compliance with limited budgets also enables State and local 

governments to avoid costly litigation and settlements that may result from the non-compliance of their 

facilities with accessibility requirements. The aforementioned challenges create a pressing need for 

optimizing the development and execution of transition plans to maximize compliance while 

considering budget and time constraints.  

Despite the significant contributions of the aforementioned research studies and analytical 

methods, they are incapable of: (1) improving the understanding and communication of accessibility 
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requirements for sidewalks and pedestrian facilities, (2) automatically extracting and modeling 

sidewalk conditions, dimensions and geometry, (3) automatically assessing the degree of non-

compliance with accessibility requirements, and (4) optimizing the development and execution of 

transition plans, as shown in Figure 1. 

 
Figure 1: Research needs in pedestrian facilities compliance with accessibility requirements 

1.2. Research Objectives  

The primary goal of this research study is to develop a robust methodology for improving the 

efficiency and effectiveness of performing self-evaluations and optimizing transition plans that are 

required by accessibility laws and regulations. To accomplish this goal, the objectives of this research 

study along with its research questions are as follows: 

Objective One: 

Conduct a comprehensive literature review on the latest requirements, practices, and research 

on (a) accessibility laws, regulations, standards, and guidelines; (b) best practices of state and local 

governments in achieving compliance with accessibility laws and regulations, (c) requirements of self-

evaluations and transition plans; (d) best practices for achieving compliance with accessibility 

requirements; and (e) related legal court cases and settlements. 
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Research Questions: 

(i) What are the effective accessibility laws, regulations, standards? (ii) Are there any available 

federal or state guidelines for achieving full compliance with accessibility requirements? (iii) What are 

the best practices for achieving compliance with accessibility requirements for sidewalks and pedestrian 

facilities? (iv) What are the requirements for self-evaluations and transition plans? And (v) What is the 

impact of any related court cases or legal settlements on compliance with accessibility requirements?  

Objective Two: 

Develop a comprehensive and effective field guide to improve the understanding and 

communication of accessibility requirements for sidewalks and pedestrian facilities. 

Research Questions: 

(i) How to design the field guide to maximize its practicality, clarity, and usability? (ii) How 

to develop a comprehensive field guide content that addresses all the latest accessibility requirements 

for sidewalks and pedestrian facilities? and (iii) What is the optimum form factor and publishing 

medium for maximizing the adaptation of the field guide?  

Objective Three: 

Develop a novel and practical framework for automating the extraction and modeling of 

sidewalk conditions, dimensions and geometry from images. 

Research Questions: 

(i) What is the best methodology for isolating sidewalk-related visual data in captured sidewalk 

images? (ii) How to model the existing conditions, dimensions, and geometry of sidewalks from 

images? (iii) How to extract sidewalk dimensions and geometry from a reconstructed 3D model? And 

(iv)How to validate and verify the performance of the developed framework?  
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Objective Four: 

Develop a novel methodology for automating the assessment of the degree of non-compliance 

of pedestrian facilities with accessibility requirements. 

Research Questions 

(i) How to create a comprehensive list of all accessibility requirements? (ii) How to quantify 

compliance of sidewalks and pedestrian facilities with accessibility requirements? (iii) What are the 

metrics and sub-metrics that can be used to measure the compliance of sidewalks and pedestrian 

facilities with accessibility requirements? (iv) How to measure the collective degree of compliance of 

a sidewalk network? And (v) How to evaluate the performance of the developed methodology?  

Objective Five: 

Develop a novel multi-objective optimization model for scheduling pedestrian facilities 

upgrade projects that is capable of generating optimal trade-offs among the three main objectives of (1) 

minimizing the total number of interrupted/canceled pedestrian trips due to non-compliance with 

accessibility requirements, (2) minimizing total upgrade duration, and (3) minimizing annual upgrade 

budgets. 

Research Questions 

(i) How to quantify the impact of upgrading non-compliant pedestrian facilities? (ii) What are 

the decision variables and constraints that best represent the alteration of sidewalks and pedestrian 

facilities? (iii) How to formulate the optimization functions to minimize interrupted pedestrian trips, 

annual upgrade cost, and total upgrade duration? (iv) What is the most efficient way to implement the 

model? And (v) How to verify the results of the model and evaluate its performance?  
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1.3. Research Methodology 

To accomplish the aforementioned objectives of this study, a research methodology is 

proposed, as shown in Figure 2. The proposed methodology consists of five research tasks: (1) conduct 

a comprehensive literature review on the latest requirements, practices, and research studies on 

accessibility of sidewalks and pedestrian facilities, computer vision, and optimization techniques; (2) 

develop a comprehensive and effective field guide to improve the understanding and communication 

of accessibility requirements for sidewalks and pedestrian facilities; (3) develop a novel and practical 

framework for automating the extraction and modeling of sidewalk conditions, dimensions and 

geometry from images; (4) develop a novel methodology for automating the assessment of the degree 

of non-compliance of pedestrian facilities with accessibility requirements; and (5) Develop a novel 

multi-objective optimization model for scheduling pedestrian facilities upgrade projects to minimize 

interrupted pedestrian trips, annual upgrade cost, and total upgrade duration. 

 
Figure 2: Research Tasks 
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1.3.1. Task 1 - Conduct a Comprehensive Literature Review 

1.3.1.1. Study the latest accessibility laws, regulations, standards, and guidelines 

The objective of this research task is to investigate and study the latest enforceable accessibility 

laws, regulations, and standards at the Federal and State levels. This task also covers accessibility 

guidelines that are soon to be adopted as standards. 

1.3.1.2. Identify best practices for providing accessibility on sidewalks and pedestrian facilities. 

This task focuses on investigating existing non-enforceable guidelines, design manuals, and 

field guides that provide guidance on achieving compliance of sidewalks and pedestrian facilities with 

accessibility requirements. 

1.3.1.3. Analyze the requirements of self-evaluations and transition plans 

This task analyzes the requirements of self-evaluations and transition plans in Federal, State, 

and local laws and codes. The output of this task provides a clear understanding and explanation of the 

requirements of self-evaluations and transition plans. 

1.3.1.4. Study the impact of court cases and legal settlements on accessibility 

This task identifies relevant court cases and legal settlements to understand their impact on 

achieving compliance with accessibility requirements. 

1.3.2. Task 2 - Develop a Comprehensive and Effective Field Guide  

1.3.2.1. Create an effective design for the field guide 

The focus of this task is to create multiple prototypes of the field guide. An experienced 

multidisciplinary team of engineers, designers, legal experts, and DOT administrators will evaluate the 

performance of the designs. Their feedback will be used to refine and select the most effective design 

for on-site inspection. 
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1.3.2.2. Develop comprehensive contents for the field guide  

This task focuses on identifying the latest accessibility requirements from all available Federal 

regulations, standards, and guidelines. These requirements will be combined in a comprehensive list to 

facilitate their use for on-site inspection without the need for further references. Descriptive illustrations 

and pictures will be created to improve clarity of the field guide by adding visual explanations to the 

text of the requirements. 

1.3.2.3. Design a practical document size for the field guide 

In this task, multiple document sizes will be proposed for the field guide. Feedback from the 

aforementioned multidisciplinary team will be used to select the most effective size for the field guide 

to facilitate its use for on-site inspection.  

1.3.3. Task 3 - Develop a Novel and Practical Framework for Automating the Extraction and 
Modeling of Sidewalk Conditions, Dimensions and Geometry from Images 

1.3.3.1. Perform binary dense pixel-wise semantic segmentation on sidewalk images 

The scope of this task includes the development of a novel and practical Fully Convolutional 

Network that is capable of identifying all sidewalk pixels in input images and isolating them by 

discarding all non-related pixels.  

1.3.3.2. Create accurate 3D models to represent sidewalk conditions, dimensions, and geometry 

The purpose of this subtask is to generate a dense 3D point cloud that represents the conditions, 

dimensions, and geometry of existing sidewalks using the masked images generated in the previous 

semantic segmentation task. 

1.3.3.3. Extract sidewalk dimensions and geometry from 3D models 

The main focus of this subtask is to automate the extraction of sidewalk dimensions and 

geometry from the dense point clouds that was generated in the previous subtask. 
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1.3.3.4. Evaluate the performance of the developed framework 

This subtask focuses on analyzing a real-life case study to verify the results of the developed 

framework and evaluate its accuracy and performance. 

1.3.4. Task 4 - Develop a Novel Methodology to Assess The Degree of Non-Compliance of 
Pedestrian Facilities with Accessibility Requirements 

1.3.4.1. Analyze accessibility requirements 

This task will focus on identifying accessibility requirements and techniques used to verify 

pedestrian facilities compliance with these requirements. 

1.3.4.2. Develop an accessibility metric to measure the degree of non-compliance of pedestrian 
facilities with accessibility requirements  

The purpose of this task is to quantify the degree of non-compliance of sidewalks and 

pedestrian facilities with accessibility requirements. In this task, a novel index will be developed to 

represent the degree of non-compliance of sidewalks or pedestrian facilities with accessibility 

requirements based on the outcomes of the previous subtask. 

1.3.4.3. Develop an efficient and comprehensive assessment model 

The objective of this task is to formulate evaluation criteria and target performance in order to 

assess the compliance of sidewalks and pedestrian facilities with accessibility requirements. This task 

will utilize the accessibility compliance metric developed in the previous subtask to determine the 

collective degree of non-compliance of groups of pedestrian facilities based on their location and/or 

type. 

1.3.4.4. Evaluate and improve model performance 

In this task, application examples will be analyzed to evaluate and improve the performance of 

the developed assessment model. 
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1.3.5. Task 5 - Develop an Innovative Multi-Objective Optimization Model for Scheduling 
Sidewalk Upgrade Projects 

1.3.5.1. Quantify the impact of upgrading non-compliant pedestrian facilities on people with 
disabilities 

This subtask focuses on developing novel metrics to measure the impact of upgrading each 

non-compliant pedestrian facility on people with disabilities. This metric is essential in driving upgrade 

project scheduling and prioritization decisions. 

1.3.5.2. Formulate the multi-objective optimization model 

This task focuses on identifying the most relevant decision variables, formulating objective 

functions, and deciding on the most relevant constraints for the multi-objective optimization model in 

order to minimize interrupted pedestrian trips, total upgrade duration, and annual upgrade cost. 

1.3.5.3. Implement the optimization model 

In this task, the formulated optimization model will be implemented using a robust optimization 

technique. Several optimization techniques will be investigated, such as linear programming, dynamic 

programming, and genetic algorithms. The choice among these optimization tools will be based on (1) 

effectiveness in generating high-quality optimal solutions, and (2) efficiency in reaching those optimal 

solutions with a reasonable computational time.  

1.3.5.4. Evaluate the model performance 

This subtask focuses on analyzing a real-life case study to illustrate the use of the model and 

demonstrate its novel and unique capabilities. 

1.4. Research Significance 

The proposed study is expected to lead to significant research contributions in a number of 

areas, including: (1) developing a comprehensive and effective field guide that improves 

communication and understanding of accessibility requirements for sidewalks and pedestrian facilities, 

(2) identifying new metrics for quantifying sidewalks and pedestrian facilities compliance with 
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accessibility requirements, (3) establishing a novel and practical framework for automating the 

extraction and modeling of sidewalk conditions, dimensions and geometry from images, (4) developing 

novel model to analyze, assess, and document compliance of sidewalks and pedestrian facilities with 

accessibility requirements, and (5) creating an innovative model for optimizing the development and 

execution of transition plans to minimize interrupted pedestrian trips, total upgrade duration, and annual 

upgrade budget. 

Furthermore, the implementation of the proposed methodologies can lead to broad and 

profound impacts on roadway and pedestrian facilities construction. These impacts include: (1) 

improving understanding of accessibility requirements and improving the accuracy of their inspection 

in the field, (2) maximizing the efficiency and effectiveness of performing self-evaluations, (3) 

generating an accurate documentation of the existing conditions of sidewalks and pedestrian facilities 

in a reliable digital format, and (4) streamlining and optimizing the development and execution of 

transition plans to ensure achieving maximum compliance with accessibility requirements while 

considering all budget and time constraints.  

1.5. Report Organization 

The organization of this report along with its relation to main research tasks is discussed as 

follows: 

1.5.1. Chapter 2 – Literature Review 

Chapter 2 presents a detailed literature review that establishes baseline knowledge of the latest 

practices and research on (a) accessibility laws, regulations, standards, and guidelines; (b) best practices 

for providing accessibility on sidewalks and pedestrian facilities; (c) requirements of self-evaluations 

and transition plans; and (d) the impact of court cases and legal settlements on accessibility. 



 

 

 

13 

1.5.2. Chapter 3 –Field Guide Development 

Chapter 3 describes the process of developing a comprehensive field guide that explains the 

latest accessibility requirements for sidewalks and pedestrian facilities in an efficient and effective 

manner to ensure that it communicates all accessibility requirements concisely and clearly. The field 

guide is also structured and organized to simplify the explanation of complex accessibility requirements 

using concise description and illustrative figures. 

1.5.3. Chapter 4 – Automated Extraction and Modeling of Sidewalk Dimensions and Geometry 
from Images 

Chapter 4 presents the development of a novel and practical framework for automating the 

extraction and modeling of sidewalk conditions, dimensions and geometry from images. The 

framework provides decision makers in state and local governments with an automated methodology 

that overcomes the aforementioned limitations of existing self-evaluation techniques by (1) providing 

a practical and cost-effective procedure for conducting self-evaluations, (2) creating 3D models of 

existing sidewalks, and (3) identifying sidewalk dimensions and geometry from sidewalk images. The 

present framework is developed in three modules: (a) semantic segmentation module that uses Fully 

Convolutional Networks (FCNs) to recognize and mask sidewalks in input images, (b) 3D 

reconstruction module that builds a 3D point cloud of the recognized sidewalks, and (c) sidewalk 

dimensions module that fits a 3D surface to the reconstructed point cloud and extracts sidewalk 

dimensions and geometry from the 3D surface 

1.5.4. Chapter 5 – Automated Assessment of the Degree of Non-Compliance of Pedestrian 
Facilities with Accessibility Requirements 

Chapter 4 describes the development of a novel model for automating the assessment of the 

degree of non-compliance of pedestrian facilities with accessibility requirements. The model is 

developed in four main phases: (1) accessibility requirements analysis phase that identifies pedestrian 

facility types and their related accessibility requirements, (2) non-compliance assessment phase that 

quantifies the degree of non-compliance of each pedestrian facility with accessibility requirements; (3) 
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collective non-compliance phase that aggregates the individual non-compliance indices of  a group of 

pedestrian facilities based on their type and/or geographical region; and (4) performance evaluation 

phase that analyzes a case study to illustrate the use of the developed model and demonstrate its novel 

capabilities. 

1.5.5. Chapter 6 –Optimizing the Scheduling of Sidewalk Upgrade Projects 

Chapter 6 presents the development of a novel multi-objective optimization model for 

scheduling pedestrian facilities upgrade projects that is capable of generating optimal trade-offs among 

the three main objectives of (1) minimizing the total number of interrupted/canceled pedestrian trips 

due to non-compliance with accessibility requirements, (2) minimizing total upgrade duration, and (3) 

minimizing annual upgrade budgets. The model is also designed to support decision makers in (a) 

quantifying the impact of upgrading non-compliant pedestrian facilities on people with disabilities, (b) 

generating detailed optimal schedules for upgrading non-compliant pedestrian facilities to satisfy ADA 

transition plan requirements, and (c) generating visualizations, illustrations, and maps to facilitate the 

analysis and use of the optimization results. 

1.5.6. Chapter 7 – Summary and Conclusions 

Chapter 7 presents the conclusions, research contributions, and recommended future 

research of the present study. 
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CHAPTER 2 -  LITERATURE REVIEW 

2.1. Federal Accessibility Laws, Regulations and Standards 

2.1.1. Laws 

The U.S. Congress has enacted a number of laws to prohibit discrimination against persons 

with disabilities. These laws include (1) the Architectural Barriers Act (ABA) enacted in 1968 (U.S. 

Congress 1968); (2) the Rehabilitation Act enacted in 1973 (U.S. Congress 1973); and (3) the 

Americans with Disabilities Act (ADA) enacted in 1990 (U.S. Congress 1990). The following sections 

provide a concise review of these three Federal laws.   

2.1.1.1. Architectural Barriers Act (ABA)  

The Architectural Barriers Act (ABA) was enacted by the U.S. Congress in 1968 to recognize 

the rights of persons with disabilities in the United States (42 U.S.C. §§4151 et seq.). The ABA requires 

that facilities designed, built, altered, or leased with funds supplied by the United States Federal 

Government be accessible to the public. The ABA appointed four Federal agencies (General Services 

Administration, Department of Housing and Urban Development, Department of Defense, and United 

States Postal Service) to be responsible for implementing the act and developing regulations related to 

accessibility.  

2.1.1.2. Rehabilitation Act 

The Rehabilitation Act was enacted by the U.S. Congress in 1973 to prohibit discrimination on 

the basis of disability in programs or activities receiving Federal financial assistance (29 U.S.C. § 701 

et seq.). Section 504 of the Rehabilitation Act (29 U.S.C. § 794) states (in part): 

“No otherwise qualified individual with a disability in the United States, as defined in section 

705(20) of this title, shall, solely by reason of her or his disability, be excluded from the 

participation in, be denied the benefits of, or be subjected to discrimination under any program 

or activity receiving Federal financial assistance or under any program or activity conducted 

by any Executive agency or by the United States Postal Service.” 



 

 

 

16 

The Rehabilitation Act guaranteed certain rights to people with disabilities, and it defined 

“disability” as “a physical or mental impairment, which substantially limits one or more major life 

activities.”  To be eligible for protection under Section 504 of the Rehabilitation Act, an individual 

must have a physical or mental impairment, a record of an impairment, or be regarded as having an 

impairment.  

2.1.1.3. Americans with Disabilities Act (ADA) 

The Americans with Disabilities Act (ADA) was enacted by the U.S. Congress in 1990 to 

prohibit discrimination based on disability (42 U.S.C. § 12101 et seq.). The ADA adopted the same 

definition of “disability” and the same eligibility criteria as those used under Section 504 of the 

Rehabilitation Act.  The ADA extended the protection already given to persons with disabilities under 

Section 504 of the Rehabilitation Act to include all programs, services and activities provided by state 

and local governments regardless of Federal financial assistance.  The ADA defines a “public entity” 

as “(a) any State or local government; (b) any department, agency, special purpose district, or other 

instrumentality of a State or States or local government; and (c) the National Railroad Passenger 

Corporation, and any commuter authority (as defined in section 24102(4) of title 49)” (42 U.S.C. §§ 

12131(1))”. 

In 2008, the ADA was amended by the U.S. Congress and it was signed into law by the 

president and took effect in 2009.  The ADA Amendment Act (ADAAA) focused on clarifying the 

definition of disability and was initiated when the Congress viewed that the Supreme Court narrowed 

the definition of disability in the ADA in a way that deprived many eligible persons with disabilities 

from their right to be protected by the ADA (U.S. Congress 2008).  ADAAA retains the ADA's basic 

definition of "disability" as an impairment that substantially limits one or more major life activities, a 

record of such an impairment, or being regarded as having such an impairment.  In addition, it clarifies 

and expands the definition of disability and it states that it “shall be construed in favor of broad coverage 
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of individuals under this Act, to the maximum extent permitted by the terms of this Act.” It clarifies 

that the Congress intended the terms to impose less demanding standards than those stated by the 

Supreme Court in the Toyota case (Toyota Motor Manufacturing, Kentucky, Inc. v. Williams) . 

The ADA includes five titles: Title I-Employment, Title II-Public Services, Title III-Public 

Accommodations and Services Operated by Private Entities, Title IV-Wire or Radio Communication, 

and Title V-Miscellaneous Provisions. Title II of the ADA focuses on public services provided by state 

and local governments. It consists of two parts (Part A) “Prohibition Against Discrimination and Other 

Generally Applicable Provisions” which provides general rules for non-discrimination in public 

services, and (Part B) “Actions Applicable to Public Transportation Provided by Public Entities 

Considered Discriminatory” which provides rules for non-discrimination in transportation provided by 

public entities. Title II also defines a qualified individual with disability as:  

“The term "qualified individual with a disability" means an individual who, with or without 

reasonable modifications to rules, policies, or practices, the removal of architectural, 

communication, or transportation barriers, or the provision of auxiliary aids and services, 

meets the essential eligibility requirements for the receipt of services or the participation in 

programs or activities provided by a public entity” (42 U.S.C. §§ 12131(2)). 

It should be noted that Title II of the ADA applies to all programs, activities, and services 

provided or operated by state and local governments, while Section 504 of the Rehabilitation Act 

applies only to programs or activities receiving Federal financial assistance.  Accordingly, many state 

and local government operations that do not receive Federal funds are not covered by Section 504; 

however, they must comply with Title II of the ADA. 
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2.1.2. Regulations 

Each of the aforementioned Federal accessibility laws assigns one or more Federal agencies 

the responsibility to develop regulations for implementing the law and enforcing the regulation. Federal 

agencies, boards, or commissions issue regulations to explain how they intend to execute the law.  

Federal regulations are created through a process known as rulemaking. 

Federal agencies must consult the public when creating, modifying, or deleting rules in the 

Code of Federal Regulations (CFR).  CFR is an annual publication that lists the official and complete 

text of Federal agency regulations.  Once an agency decides that a regulation needs to be added, 

changed, or deleted, it typically publishes a proposed rule in the Federal Register to ask the public for 

comments.  After the agency considers public feedback and makes changes where appropriate, it then 

publishes a final rule in the Federal Register with a specific date for when the rule will become effective 

and enforceable.  When the agency issues a final rule for comment, it must describe and respond to the 

public comments it received. 

The following sections provide a summary of the Federal regulations that were developed to 

enforce the implementation of the aforementioned three Federal accessibility laws 

2.1.2.1. ABA Regulations 

The Architectural Barriers Act of 1968 appointed four Federal agencies as standard-setting 

agencies: General Services Administration, Department of Housing and Urban Development, 

Department of Defense, and United States Postal Service. These agencies were required to enforce and 

implement the application of ABA in buildings and facilities under their jurisdiction. These Federal 

agencies implemented ABA by integrating ABA-related sections in their existing regulations; however, 

they did not develop specific and dedicated ABA regulations.  
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2.1.2.2. Section 504 of the Rehabilitation Act Regulations 

Section 504 of the Rehabilitation Act applies to all programs and activities provided by entities 

receiving Federal financial assistance.  Each Federal agency has its own set of Section 504 regulations 

that apply to its own programs and activities.  The requirements in these regulations include reasonable 

accommodation for employees with disabilities, program accessibility, effective communication with 

people who have hearing or vision disabilities, and accessible new construction and alterations.  

Each agency is responsible for enforcing its own Section 504 regulations. The following are 

examples of Section 504 regulations made by the U.S. Department of Education, U.S. Department of 

Justice, and U.S. Department of Housing and Urban Development. 

In 1980, the U.S. Department of Education published its version of Section 504 regulations 

titled “Nondiscrimination on the Basis of Handicap in Programs or Activities Receiving Federal 

Financial Assistance” in the Federal register under code (34 C.F.R. § 104).  These regulations include 

seven subparts discussing nondiscrimination in education practices. Subpart C is titled “Accessibility” 

and it defines prohibited discrimination as follows: 

“No qualified handicapped person shall, because a recipient's facilities are inaccessible to or 

unusable by handicapped persons, be denied the benefits of, be excluded from participation in, 

or otherwise be subjected to discrimination under any program or activity to which this part 

applies” (34 C.F.R. § 104.21). 

Subpart C of the regulations discusses both existing facilities and new construction 

requirements to achieve compliance with Section 504.  These regulations were amended in 2000 (34 

C.F.R. § 104.21-104.23). 

In 1982, the U.S. Department of Justice (DOJ) published another version of Section 504 

regulations titled “Nondiscrimination on The Basis of Handicap in Programs and Activities Receiving 

Federal Financial Assistance” in the Federal register under code (7 C.F.R. §§ 15b.1 - 15b.42). These 
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regulations were similar to those made by the U.S. Department of Education. They contain seven 

subparts including subpart C that covers requirements for both existing facilities and new constructions 

to comply with Section 504. These regulations were updated in 2003. 

In 1988, the U.S. Department of Housing and Urban Development (HUD) published its own 

Section 504 regulations titled “Nondiscrimination Based on Handicap in Federally Assisted Programs 

and Activities of the Department of Housing and Urban Development” in the Federal register under 

code (24 C.F.R. § 8). These regulations include four subparts, where subpart C explains requirements 

that must be followed by all programs and activities receiving Federal financial assistance from HUD. 

The 1988 HUD Section 504 regulations are more detailed than the other two mentioned above. The 

1988 HUD Section 504 regulations classify different types of construction separately (e.g. non-housing 

facilities, housing new construction, housing alteration, and historic buildings). Since 1988, HUD 

incorporated accessibility standards into these regulations by stating: 

“Effective as of July 11, 1988, design, construction, or alteration of buildings in conformance 

with sections 3-8 of the Uniform Federal Accessibility Standards (UFAS) shall be deemed to 

comply with the requirements of §§8.21, 8.22, 8.23, and 8.25 with respect to those buildings” 

(24 C.F.R. § 8.32a). 

This statement requires all programs and activities that receive Federal financial assistance 

from HUD to comply with the Uniform Federal Accessibility Standards (UFAS) as part of their 

compliance with Section 504. 

2.1.2.3. ADA Regulations 

The ADA assigned the responsibility of developing and enforcing regulations related to Title 

II and Title III of the ADA to the U.S. Department of Justice (DOJ) and the U.S. Department of 

Transportation (DOT). These regulations require achieving access to all programs, services and 

activities offered by any public entity at the State and local level (e.g., school district, municipality, 

city, and county) as well as public accommodations and commercial facilities. The aforementioned 
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public entities must comply with Title II regulations issued by the U.S. Department of Justice to provide 

access for persons with disabilities to all their programs, services and activities. This access includes 

physical access described in the ADA standards for accessible design and programmatic access that 

might be obstructed by discriminatory policies or procedures of the entity (U.S. Department of Justice 

2010a).  

2.1.2.3.1. 1991 ADA Regulations 

In 1991, the U.S. Department of Justice (DOJ) published ADA regulations in the Federal 

Register, which included two main parts. The first part was titled “Nondiscrimination on the Basis of 

Disability in State and Local Government Services”, and it was published under code (28 C.F.R. § 35). 

This part was developed to regulate the application of Title II of the ADA, which focuses on the 

programs, services and activities offered by state and local governments. The second part was titled 

“Nondiscrimination on The Basis Of Disability by Public Accommodations and in Commercial 

Facilities”, and it was published under code (28 C.F.R. § 36). The second part was developed to regulate 

the application of Title III of the ADA, which focuses on public accommodations and commercial 

facilities. It also integrated the 1991 accessibility standards into the regulations and was published in 

the Federal register as appendix A of the title III regulation in the Code of Federal Regulations in July 

1994 (28 C.F.R. § 36 – appendix D). 

The 1991 ADA Title II regulations included the six subparts: (Subpart A) General, which 

includes four titles explaining the purpose, applications, relationship with other laws, and definitions 

of Title II; (Subpart B) General Requirements, which includes 13 titles, and sets forth the general 

principles of nondiscrimination applicable to all entities subject to Title II; (Subpart C) Specific 

Requirements, which includes 10 titles that provide guidance on the application of the statute to specific 

situations; (Subpart D) New Construction and Alterations, which includes seven titles including 

guidance on the application of Title II to both new construction and alterations; (Subpart E) 
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Enforcement, which includes 8 titles that cover enforcement procedures and authorities related to Title 

II; and (Subpart F) Certification of State Laws or Local Building Codes. In addition, the 1991 ADA 

Title II regulations included two appendices: (Appendix A) Standards for Accessible Design, which 

includes a copy of the “ADA Accessibility Guidelines for Buildings and Facilities” that was published 

by the Access Board in 1991; and (Appendix B) Preamble to Regulation on Nondiscrimination on the 

Basis of Disability by Public Accommodations and in Commercial Facilities.  

2.1.2.3.2. 2010 ADA Title II Regulations 

In 2010, the U.S. Department of Justice (DOJ) finalized and published the latest and current 

set of Title II ADA regulations, as shown in Figure 3. These regulations took effect on March 15, 2011, 

and were published in the 2011 edition of the Code of Federal Regulations (CFR) under the same code 

of the 1991 regulations (28 C.F.R. § 35) for Title II regulations and under code (28 C.F.R. § 36) for 

Title III regulations. The 2010 version of the regulations also maintained the same titles as the 1991 

version. 

 
Figure 3: Cover page of the Americans with Disabilities Act Title II regulations (U.S. Department of 

Justice 2010a) 
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The 2010 ADA Title II regulations (28 C.F.R. § 35) includes seven subparts: (Subpart A) 

General, which includes eight titles explaining the purpose, applications, relationship with other laws, 

self-evaluation, and definitions of Title II; (Subpart B) General Requirements, which includes ten titles 

and it sets forth the general principles of nondiscrimination applicable to all entities subject to Title II; 

(Subpart C) Employment, which includes two titles that cover discrimination in employment; (Subpart 

D) Program Accessibility, which includes five titles that provide guidance on the application of Title II 

in new construction, alterations, and detention facilities; (Subpart E) Communications, which includes 

6 titles that cover providing equal opportunity of communications for persons with disabilities; (Subpart 

F) Compliance Procedures, which includes ten titles that cover the enforcement and grievance 

procedures for Title II; and (Subpart G) Designated Agencies, which cover the responsibilities of 

Federal agencies appointed by law to enforce Title II. Additionally, the 2010 ADA Title II regulations 

includes two appendices: (Appendix A) 2010 Guidance and Section-by-Section Analysis, which 

provides guidance on the 2010 regulations; and (Appendix B) 1991 Preamble and Section-by-Section 

Analysis, which provides guidance on the provisions of the 1991 regulations. The 2010 Title II 

regulations included the following new definitions for its adopted standards and guidelines: 

• The term “1991 Standards” refers to the ADA standards for Accessible Design, originally 

published in 1991, and republished as Appendix D to part 36. 

• The term “2004 ADAAG” refers to ADA Chapter 1, ADA Chapter 2, and Chapters 3 through 

10 of the Americans with Disabilities Act and Architectural Barriers Act Accessibility 

Guidelines, which were issued by the Access Board in 2004, and published into the Code of 

Federal Regulations in 2009 (36 CFR § 1191, app. B and D). 

• The term “2010 Standards” refers to the 2010 ADA Standards for Accessible Design, which 

consists of the 2004 ADAAG and the requirements contained in § 35.151.   
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Furthermore, the 2010 Title II regulations included several sections that address sidewalks and 

pedestrian facilities and highlight the responsibility of State and local governments to provide curb 

ramps or sloped areas in any newly constructed or altered streets, roads and highways. For example, 

Subpart D of this regulation states (in part) that: 

“(1) Newly constructed or altered streets, roads, and highways must contain curb ramps or 

other sloped areas at any intersection having curbs or other barriers to entry from a street 

level pedestrian walkway. 

(2) Newly constructed or altered street level pedestrian walkways must contain curb ramps or 

other sloped areas at intersections to streets, roads, or highways.” (28 C.F.R. § 35.151(i)(1), 

28 C.F.R. § 35.151(i)(2)). 

The 2010 Title II regulations require compliance with the 2010 ADA standards. These 

standards are published as two Appendices in Title III regulations: (1) Appendix B that includes 

analysis and commentary on the 2010 ADA Standards for Accessible Design; and (2) Appendix D that 

includes the original accessibility standards that were published in Appendix A in the 1991 Title III 

regulations (28 C.F.R. § 36 Appendix (B) and (D)).  

2.1.2.3.3. Guidance on the Definition of Road Alteration in ADA Regulations 

In 2013, the U.S. Department of Justice and the U.S. Department of Transportation collaborated 

in developing a technical assistance to help clarify the scope and definition of alteration in Title II of 

the ADA. This joint technical assistance was initiated as a response to a court case that was decided in 

1993 in the third circuit (9 F 3d 1067) to provide further guidance on the scope of the alterations 

requirement with respect to the provision of curb ramps when streets, roads or highways are being 

resurfaced, and to clarify whether particular road surface treatments fall within the ADA definition of 

alterations or maintenance which would not trigger the obligation to provide curb ramps. 
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In this joined technical assistance, the Department of Justice and the Federal Highway 

Administration (FHWA) defined the conditions in which a resurfacing project would be considered 

alteration that would trigger the ADA requirements for providing curb ramps and sloped areas as: 

“Resurfacing is an alteration that triggers the requirement to add curb ramps if it involves 

work on a street or roadway spanning from one intersection to another, and includes overlays 

of additional material to the road surface, with or without milling” (DOJ/DOT 2013) 

2.1.3. Standards 

Accessibility standards establish design requirements for the construction and alteration of 

facilities to ensure access for persons with disabilities. These enforceable standards apply to any facility 

that falls under the jurisdiction of accessibility laws including places of public accommodation, 

commercial facilities, and state and local government facilities. 

Laws appoint certain Federal agencies as standard-setting agencies and give them the authority 

to develop regulations and adopt standards that are essential for enforcing the law. To cover the 

technical side of regulations, the standard-setting Federal agencies either develop technical design 

standards or request other governmental entities to develop them. Standards are developed through a 

detailed rulemaking process that can be divided into two main phases: (a) guidelines development, and 

(b) standards adoption. The first phase focuses on developing design guidelines in order to provide 

guidance to architects, engineers and contractors to help them understand the requirements of the law 

and its impact on their design and construction. These guidelines are typically developed using a 

detailed process that involves conducting research, experiments, review of practices, and analysis of 

comments and suggestions from the public. The second phase focuses on transforming the developed 

guidelines to enforceable standards. This is typically performed by one of the standard-setting Federal 

agencies (e.g. Department of Justice) that adopts the developed guidelines after any required 

modifications as Federal standards. These Federal standards are then integrated or referenced in the 

Federal accessibility regulations as Appendices such as the aforementioned 2004 ADAAG (36 CFR § 



 

 

 

26 

1190 and 1191). Once adopted as part of the Federal regulations, these standards act as enforceable 

minimum design requirements. The following sections provide a concise review of the main Federal 

accessibility standards.  

2.1.3.1. ABA Standards 

In 1968, The Architectural Barriers Act (ABA) appointed four Federal agencies to be 

responsible for developing regulations and standards related to accessibility and enforcing these 

regulations. Following the approval of ABA by the U.S. Congress, efforts were made by the four 

standard-setting Federal agencies (General Services Administration, Departments of Housing and 

Urban Development, Department of Defense, and United States Postal Service) to develop regulations 

and standards for the ABA. These efforts were separate, and each agency developed its own standards.  

The original standards (A117.1) developed by the American National Standards Institute (ANSI) in 

1961, acted as the technical base for accessibility standards adopted by the Federal government and 

most states. ANSI is a private non-profit organization that oversees the development of voluntary 

consensus standards for products, services, processes, systems, and personnel in the United States 

(ANSI, 2014). ANSI also coordinates U.S. standards with international standards so that American 

products can be used worldwide. (A117.1) standards were modified in 1986 and in 2003. The current 

version of the standards was published in 2009 under the title “Accessible and Usable Buildings and 

Facilities” (ANSI 2009). 

2.1.3.2. Uniform Federal Accessibility Standards (UFAS) 

In 1984, the Uniform Federal Accessibility Standards (UFAS) were published in the Federal 

Register. The UFAS are the result of a joined effort by the four standard-setting Federal agencies 

appointed by the ABA to develop a master standards that would avoid any contradiction between the 

different standards prepared by each agency separately. The UFAS focused on minimizing the 

differences between the standards previously used by these four agencies. The UFAS was first 
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published in the Federal Register on August 7, 1984 under code (49 FR 31528). Later, each of the four 

standard-setting agencies took actions in accordance with its own procedures to incorporate the UFAS 

in its own standards, regulations, or other directives, as the UFAS by itself were not enforceable 

standards. For example, the GSA adopted the UFAS in its regulations (41 C.F.R. § 101-19.6), effective 

August 7, 1984; and HUD adopted the UFAS in its regulations (24 C.F.R. § 40), effective October 4, 

1984. The UFAS is still in effect to date in many agencies under the ABA and other laws. 

2.1.3.3. 1991 ADA Accessibility Standards 

The 1991 ADA Accessibility Standards were published in the Federal Register under the code 

(36 C.F.R. § 1191 Appendix A) with the title of “Americans with Disabilities Act (ADA) Accessibility 

Guidelines for Buildings and Facilities (ADAAG)”, as shown in Figure 4. These standards were 

adopted based the accessibility guidelines that were developed by the U.S. Access Board that was 

established by Section 502 of the Rehabilitation Act (29 U.S.C. § 792) in 1973. The Access Board 

consists of 13 members appointed by the President from the public, a majority of which is individuals 

with disabilities, and the heads of 12 federal agencies or their designees. The federal agencies are: The 

Departments of Commerce, Defense, Education, Health and Human Services, Housing and Urban 

Development, Interior, Justice, Labor, Transportation, and Veterans Affairs; General Services 

Administration; and United States Postal Service (76 FR 75844).  
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Figure 4: Cover page of 1991 Accessibility Guidelines that were adopted as standards in 1994 (USAB 

1991) 

The Access Board is responsible for developing and updating accessibility guidelines for the 

design, construction, and alteration of facilities to ensure that they are readily accessible to and usable 

by individuals with disabilities. These guidelines are used by the Department of Justice (DOJ) and the 

Department of Transportation (DOT) in setting enforceable standards that the public must follow. The 

Access Board’s guidelines play an important role in the implementation of three laws that require newly 

constructed and altered facilities to be accessible to individuals with disabilities: the Americans with 

Disabilities Act, Section 504 of the Rehabilitation Act, and the Architectural Barriers Act. These laws 

require other Federal agencies to issue regulations, which include accessibility standards for the design, 

construction, and alteration of facilities. The regulations issued by other Federal agencies to implement 

these laws typically adopt the U.S. Access Board’s guidelines as accessibility standards. When the 

Access Board’s guidelines are adopted, with or without additions and modifications, as accessibility 
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standards in regulations issued by other Federal agencies implementing these laws, compliance with 

the accessibility standards is mandatory (76 FR 75844). 

It should be noted that the 1991 ADA Accessibility Standards (36 C.F.R. § 1191 Appendix A) 

did not provide specific requirements for the sidewalks and pedestrian facilities. Instead, the design 

requirements for sidewalks and pedestrian facilities were addressed in different chapters of the 

standards. For example, passenger-loading zones, curb ramps, and detectable warning surfaces were 

mentioned in chapter 4 as items number 4.6, 4.7, and 4.29 respectively. Chapter 15 was titled 

recreational facilities, and it included guidance on items related to public rights-of-way. Chapter 14 

was titled public rights-of-way but it was removed from these standards. The 1991 ADA Accessibility 

Standards were effective until March 14, 2012 until they were replaced by the 2010 ADA standards. 

2.1.3.4. 2010 ADA Standards 

The Department of Justice published the 2010 ADA Standards for Accessible Design on 

September 15 2010 (see Figure 5) as part of its 2010 ADA regulations. The 2010 ADA Standards were 

adopted by the Department of Justice based on the “Americans with Disabilities Act Accessibility 

Guidelines (ADAAG) for Buildings and Facilities” that were developed six years earlier by the U.S. 

Access Board in 2004. The 2010 ADA standards for Accessible Design consist of two parts. The first 

part is titled “New Construction and Alterations” and was published as part of the 2010 ADA 

regulations under code (28 C.F.R. § 35.151); and the second part is the 2004 ADAAG and was 

published under code (36 C.F.R. § 1191 Appendices B and D).  

The first part of the 2010 ADA Standards for “new construction and alterations” included 

eleven sections: (a) design and construction that requires all facilities built by or on behalf of any entity 

covered by the ADA to be accessible except in cases when its impractical to achieve accessibility, (b) 

alterations that covers alterations to historic properties, path of travel, and primary function, (c) 

accessibility standards and compliance date, (d) scope of coverage, (e) social service center 
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establishments, (f) housing at a place of education, (g) assembly areas, (h) medical care facilities, (i) 

curb ramps, (j) facilities with residential dwelling units for sale to individual owners, and (k) detention 

and correctional facilities.  

The second part of the 2010 ADA Standards is the 2004 Americans with Disabilities Act 

Accessibility Guidelines (ADAAG) that were developed by the U.S. Access Board in 2004. The 2004 

ADAAG is commonly known as the ADA Accessibility Guidelines (ADAAG 2004). The 2004 

ADAAG consists of ten chapters that are titled: (1) application and administration, (2) scoping 

requirements, (3) building blocks, (4) accessible routes, (5) general site and building elements, (6) 

plumbing elements and facilities, (7) communication elements, (8) special rooms, spaces, and elements, 

(9) built-in elements, and (10) recreational facilities. The accessibility requirements for sidewalks and 

pedestrian facilities in the 2004 ADAAG were distributed over several chapters including chapters 4, 

5, and 10. These 2004 ADA accessibility guidelines (ADAAG) are still the latest and most current 

accessibility guidelines to date. 

 
Figure 5: Cover page of the 2010 ADA Standards for Accessible Design (U.S. Department of Justice 

2010b) 



 

 

 

31 

The current ADA standards that are adopted and enforced by the Departments of Justice and 

Transportation are based on the aforementioned 2004 ADAAG. Although these two current standards 

of the Departments of Justice and Transportation are very similar, each of them contains additional 

requirements that address the specific facilities covered by the two departments. These additional 

requirements define the types of facilities covered, set effective dates, and provide additional scoping 

or technical requirements for those facilities.  

The Department of Justice stated in its 2010 ADA regulations that all state and local 

government facilities projects of new construction or alteration starting on or after March 15, 2012 must 

comply with the 2010 Standards. For projects starting before that date, they need to comply with (a) 

the aforementioned 1991 Standards or the UFAS; or (b) the 2010 Standards if the project start date is 

after September 15, 2010, as shown in Table 1. 

Table 1: ADA Standards Validity Periods Under Title II of the ADA (28 C.F.R. § 35). 

Project Start Date July 26, 1991 to 
September 14, 2010 

September 15, 2010 to 
March 14, 2012 

On or after March 15, 
2012 

UFAS Effective Effective Not effective 

1991 Standards Effective Effective Not effective 

2010 Standards - Effective Effective 

 

2.1.4. Proposed Accessibility Guidelines for Pedestrian Facilities in the Public Right-of-Way 
(PROWAG) 

As stated earlier, the process of developing accessibility standards usually starts with the U.S. 

Access Board developing Guidelines that are later adopted by one of the standard-setting Federal 

agencies to become enforceable standards. For example, the aforementioned 2004 ADAAG later 

became part of the 2010 ADA Standards after it was adopted by the U.S. DOJ in its 2010 update of 

Title II and Title III regulations. Similarly, the U.S. Access Board developed in 2011 “Proposed 

Accessibility Guidelines for Pedestrian Facilities in The Public Right-of-Way” (see Figure 6). To 
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improve clarity, these 2011 proposed guidelines will be referred to as “PROWAG” in this report. The 

2011 proposed guidelines (PROWAG) are currently undergoing the final stages of their rulemaking 

process before they can be published as design guidelines.  

 
Figure 6: Cover page of Proposed Accessibility Guidelines for Pedestrian Facilities in the Public 

Right-of-Way (PROWAG) (USAB 2011) 

As soon as these proposed accessibility guidelines (PROWAG) are finalized and published, 

they will address various sidewalks and pedestrian facilities accessibility requirements, including 

access for blind pedestrians at street crossings, wheelchair access to on-street parking, and various 

constraints posed by space limitations, roadway design practices, slope, and terrain. These new 

guidelines will cover pedestrian access to sidewalks and streets, including crosswalks, curb ramps, 

street furnishings, pedestrian signals, parking, and other components of sidewalks and pedestrian 

facilities. The aim of these guidelines is to ensure that access for persons with disabilities is provided 

wherever a pedestrian way is newly built or altered, and that the same degree of convenience, 

connection, and safety available to the public generally is available to pedestrians with disabilities. 
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Once these guidelines are adopted by the Department of Justice, they will become enforceable standards 

under Title II of the ADA. 

These proposed guidelines address access to both newly constructed and altered public streets 

and sidewalks covered by the American with Disabilities Act (ADA) and the Architectural Barriers Act 

(ABA) or the Rehabilitation Act, in the case of federally funded projects. In case of alteration projects, 

these requirements apply only to public right-of way elements (e.g. curb ramps and sidewalks) that are 

included in the original project scope (76 FR 44664). The Access Board's ADA and ABA Accessibility 

Guidelines (ADAAG) address access to buildings and facilities located on sites. Standards based on the 

ADAAG apply within the boundary of covered sites as defined by public right-of-way and property 

lines. The new proposed guidelines mainly pick up where the ADAAG leaves off, to cover accessibility 

requirements in the context of sidewalks and pedestrian facilities outdoor environment (76 FR 44664). 

To ensure consistency and to avoid redundancy, the 2011 proposed guidelines refer to other 

requirements in (a) the ADA/ABA guidelines for specific elements such as escalators and toilet 

facilities, and (b) the FHWA Manual on Uniform Traffic Control Devices (MUTCD 2009) for streets 

and highways. The 2011 proposed guidelines cover new or altered sidewalks and pedestrian facilities, 

including sidewalks and other pedestrian ways, street crossings, medians and traffic islands, overpasses, 

underpasses and bridges. They also cover on-street parking, transit stops, toilet facilities, signs, and 

street furniture. The guidelines apply to permanent as well as temporary facilities, such as temporary 

routes around work zones and portable toilets. The proposed guidelines consist of four chapters entitled: 

(1) application and administration, (2) scoping requirements, (3) technical requirements, and (4) 

supplementary technical requirements. A brief description of each of these four chapters is presented 

in Table 2 through Table 5. 
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Table 2: The First Chapter of PROWAG (76 FR 44664 - R1) 

Chapter 1: Application and Administration 

Section Description 
Section-1: Purpose Explains the goal of the document to ensure that facilities for 

pedestrian circulation and use located in the public right-of-way are 
readily accessible to and usable by pedestrians with disabilities, and 
also states that these guidelines do not address existing facilities unless 
the facilities are included within the scope of an alteration undertaken 
by an entity covered by title II of the ADA 

Section-2: Equivalent 
Facilitation 

Permits the use of alternative measures and technologies if they will 
result in equivalent or greater accessibility than the requirements of the 
guidelines 

Section-3: Convention Explains the use of different conventions, tolerances and units of 
measurement throughout the guidelines 

Section-4: Referenced 
Standards 

Defines all referenced standards that were used throughout the 
guidelines 

Section-5: Definitions Defines all legal and technical terms used in these guidelines 

Table 3: The Second Chapter of PROWAG (76 FR 44664 – R2) 

Chapter 2: Scoping Requirements 
Section-1: Application States that all newly constructed facilities, altered portions of existing 

facilities, and elements added to existing facilities as well as temporary and 
permanent facilities for pedestrian circulation and use located in the public 
right-of-way shall comply with the requirements in the guidelines 

Section-2: Alterations and 
Elements Added to Existing 
Facilities 

Covers addition and alteration of elements and prohibits any alterations or 
additions that could result in reduction of accessibility 

Section-3: Machinery Spaces Excludes machinery spaces from the accessibility requirements mentioned in 
these guidelines, only if the spaces are solely for the purpose of machinery 
and maintenance 

Section-4: Pedestrian Access 
Routes 

Covers pedestrian access routes and their elements such as sidewalks, street 
crossings, overpasses and underpasses 

Section-5: Alternate Pedestrian 
Access Routes 

Expands the requirements of pedestrian access routes to any temporary paths, 
stating that all temporary pedestrian routes should be accessible 

Section-6: Pedestrian Street 
Crossings 

Requires pedestrian street crossings to comply with requirements in the third 
chapter 

Section-7: Curb Ramps  Requires curb ramps and blended transitions to comply with requirements in 
the third chapter 

Section-8: Detectable Warning 
Surfaces 

Requires that detectable warning surfaces be provided at all intersections 
between pedestrian path and any street or rail 

Section-9: Accessible 
Pedestrian Signals and 
Pushbuttons 

Refers to the requirements in the MUTCD, and also requires that all existing 
signals and pushbuttons comply with these guidelines whenever altered or 
modified 

Section-10: Protruding Objects Requires that any elements or objects along or overhanging any portion of the 
pedestrian path shall not reduce its width 

Section-11: Signs Covers pedestrian signs, transit signs, and accessible parking space and 
passenger loading zone signs 
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Table 3 cont. 

Chapter 2: Scoping Requirements 
Section-12: Street Furniture Provides scoping requirements for drinking fountains, public toilets, tables, 

counters, and benches 
Section-13: Transit Stops and 
Shelters 

requires transit stops and transit shelters to comply with requirements in the 
third chapter 

Section-14: On-Street Parking 
Spaces 

Covers the number of accessible parking spaces required in any public 
parking lot, as shown in Figure 7 

Section-15: Passenger Loading 
Zones 

Requires that at least one accessible passenger loading zone be provided each 
100ft whenever needed 

Section-16: Stairways and 
Escalators 

Requires that stairways and escalators comply with these requirements if they 
are on an accessible path, and also prohibits including them as part of the 
accessible route 

Section-17: Handrails Requires handrails to comply with requirements in the third chapter 
Section-18: Doors, Doorways, 
and Gates 

Requires compliance with requirements for doors, doorways, and gates in the 
third chapter 

 
Figure 7: Sample requirements for on-street parking spaces (USAB 2011)   
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Table 4: The Third Chapter of PROWAG (76 FR 44664 – R3) 

Chapter 3: Technical Requirements 
Section-1: General states that the technical requirements in this chapter shall apply where 

required by chapter 2 
Section-2: Pedestrian 
Access Routes 

Covers technical accessibility requirements for the pedestrian access 
routes such as continuous width, passing space, grade, cross-slope, and 
surface, as shown in Figure 8 

Section-3: Alternate 
Pedestrian Access Routes 

Expands the requirements of pedestrian access routes to any temporary 
paths, stating that all temporary pedestrian routes should be accessible 

Section-4: Curb Ramps and 
Blended Transitions 

Provides technical accessibility requirements for perpendicular curb 
ramps, parallel curb ramps, and blended transitions including turning 
spaces, running slope, cross slope, flared sides, width, and grade break 

Section-5: Detectable 
Warning Surfaces 

Provides technical requirements about dome size, dome spacing, color 
contrast, size, and placement 

Section-6: Pedestrian Street 
Crossings 

Includes requirements for pedestrian signal phase timing, roundabouts, 
channelized turn lanes at roundabouts, and channelized turn lanes at 
other intersections 

Section-7: Accessible 
Pedestrian Signals  

Refers to section 9 in the second chapter 

Section-8: Transit Stops and 
Transit Shelters 

Includes requirements for boarding and alighting areas, boarding 
platforms, surfaces, connections, slope, cross slope, and coordination 
between platform and vehicle floor 

Section-9: On-Street 
Parking Spaces 

Includes requirements for parallel parking spaces, perpendicular parking 
spaces, angled parking spaces, sidewalk width, curb ramps, and parking 
meters, as shown in Figure 9 

Section-10: Passenger 
Loading Zones 

Includes requirements for vehicle pull-up space and access aisle 
dimensions 

 

 
Figure 8: Example accessibility guidelines for pedestrian access routes (USAB 2011). 
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Figure 9: On-street parking space dimensions (USAB 2011). 

Table 5: The Fourth Chapter of PROWAG (76 FR 44664 – R4) 

Chapter 4: Supplementary Technical Requirements 
Section-1: General States that the technical requirements in this chapter shall apply where 

required by chapter 2 
Section-2: Protruding 
Objects 

Includes requirements on protrusion limits, post-mounted objects, and 
vertical clearances 

Section-3: Operable Parts Includes requirements for clear space, height, and operations 
Section-4: Clear Spaces Includes requirements for surface, size, knee and toe clearance, position, 

approach, and maneuvering space 
Section-5: Knee and Toe 
Clearance 

Covers the required clearances and dimensions to accommodate persons 
on wheel chairs 

Section-6: Reach Ranges Includes dimensions and illustrations of reachable space around persons 
with mobility devices 

Section-7: Ramps Lists the requirements of accessible ramps such as running slope, cross 
slope, landings, width, rise, change in direction, surfaces, handrails, and 
edge protection, as shown in Figure 10 

Section-8: Stairways Covers requirements for treads and risers, open risers, tread surface, 
nosing, and handrails 

Section-9: Handrails Includes requirements for continuity, height, gripping surface, clearance, 
and cross section 

Section-10: Visual 
Characters on Signs 

Includes requirements for finishing contrast, case, style, character 
proportions, character height, character spacing, and line spacing 

Section-11: International 
Symbol of Accessibility 

Includes a figure of the international symbol of accessibility 
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Figure 10: Example requirements for ramp and landing dimensions (USAB 2011). 

Although the aforementioned 2011 proposed accessibility guidelines for pedestrian facilities in 

the public right-of-way (PROWAG) have not become enforceable standards by law, they are expected 

to be finalized as guidelines and then adopted as enforceable standards in the near future. 

2.2. Illinois Accessibility Laws and Codes 

States have their own set of laws and codes that are applicable within the jurisdiction of the 

state. These state laws and codes along with the federal laws and regulations are enforceable within 

each state. State and local government facilities in the state of Illinois must comply with federal 

accessibility laws and regulations in addition to any effective Illinois laws and codes. The following 

section provides a concise review of accessibility laws and codes in the State of Illinois. 

2.2.1. Illinois Environmental Barriers Act (EBA) 

In 1985, the state of Illinois enacted its own accessibility rights law titled “Illinois 

Environmental Barriers Act (EBA)”, and it was published under the code (410 ILCS 25/1 et seq.). 

Illinois EBA is the statute that governs physical access for people with disabilities in new construction, 

additions and alterations to public facilities within the state of Illinois. The Illinois Accessibility Code 

(see Figure 11) contains the design standards required by the Illinois EBA such as the required width 

of a door and the number of accessible parking spaces that must be provided.  
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Within the state of Illinois, state and local governments must comply with all accessibility laws 

and regulations including (1) the aforementioned Federal laws of the ADA, the Rehabilitation Act and 

the ABA; and (2) State of Illinois laws such as the Illinois EBA. The ADA states that all entities 

subjected to Title II and Title III shall comply with ADA regulations and standards only if these 

regulations and standards provide equal or greater accessibility than state and local laws and 

regulations. Accordingly, any newly constructed or altered public facility in the state of Illinois must 

comply with the strictest available Federal and state laws and regulations (28 C.F.R. § 35.103). 

 
Figure 11: Cover Page of the Illinois Accessibility Code (CDB 1997) 

2.2.2. Illinois Accessibility Code (IAC) 

The Illinois Accessibility Code (IAC) was developed and published by the State of Illinois 

Capital Development Board in 1997, as shown in Figure 11. It includes a set of rules that were adopted 

by the Capital Development Board to implement the Illinois Environmental Barriers Act (EBA). The 

Code includes design requirements for buildings, including all spaces and elements within the 

buildings. The purpose of the Code is to ensure that these buildings are designed, constructed, and/or 
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altered to be readily accessible and usable by persons with disabilities. The IAC has the force of a 

building code and is law in the State of Illinois. The IAC constitutes minimum requirements for all 

governmental units in Illinois. It also allows governmental units to adopt stricter requirements to 

increase access for persons with disabilities (CDB 1997). 

The Illinois Accessibility Code (IAC) focused on resolving areas of difference between the 

aforementioned ADAAG 2004 and the former Illinois accessibility standards, applicable to buildings 

and facilities in the State of Illinois covered by the Illinois EBA. The IAC adopted the stricter of the 

former State and Federal accessible design standards (CDB 1997).  Any building covered by the Illinois 

EBA must satisfy the IAC requirements, even if the building is also financed by Federal funds or 

covered by the ADA.  The Illinois EBA requires a Statement of Compliance by the architect/engineer 

unless the cost of construction or alteration is less than $50,000.  The Statement must certify that the 

plans and specifications for the building comply with the Illinois EBA.  

The IAC includes sections that cover accessibility requirements for new construction, addition 

and alteration of public facilities in Illinois, and multistory housing and historic preservation.  Although 

the focus of IAC is on buildings and facilities, it includes sections that contain sidewalks and pedestrian 

facilities accessibility requirements for (1) accessible routes, (2) curb ramps, (3) detectable warnings, 

(4) parking and passenger loading zones, (5) protruding objects, and (6) temporary buildings and 

facilities.  Compliance with both these IAC sections and the aforementioned 2010 ADA regulations is 

mandatory for any sidewalks and pedestrian facilities work in the state of Illinois (CBD 1997). 

2.2.3. Rules and Regulations for the City of Chicago  

In 2014, The City of Chicago published its own set of rules and regulations for construction in 

the public way, as shown in Figure 12.  The main purpose of these regulations were to “provide utility 

companies (both public and private), contractors, and developers with a tool that will assist in 
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minimizing conflicts that occur between construction in the Public Way and the vital uses the Public 

Way provides” (CDOT 2014). 

The Chicago rules and regulations cover construction in the public way within the jurisdiction 

of the City of Chicago. They include four chapters that cover requirements for the coordination, 

permitting, executing, and compliance of work in the public way.  The rules and regulations also include 

Appendix B that provide ADA standards for openings, construction and repair in the public way.  The 

Appendix includes four sections that provide (1) twenty-one plan sheets, as shown in the sample sheet 

in Figure 13; (2) five alley and driveway sheets; (3) five notes sheets; and (4) three details sheets (CDOT 

2014). 

 

 
Figure 12: Rules and Regulations for Construction in the Public Way (CDOT 2014) 



 

 

 

42 

 
Figure 13: Sample plan sheet (CDOT 2014) 
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2.3. Best Practices 

Many Federal and State government agencies developed best practices to provide guidance for 

officials in public entities to ensure their compliance with the aforementioned accessibility laws and 

regulations. These Federal and State best practices include manuals and design guides that are 

summarized in the following two sections. 

2.3.1. Federal Manuals and Design Guides 

Many federal agencies developed manuals and design guides to provide best practices that can 

be used to comply with accessibility laws and regulations. These Federal best practices include (1) 

planning and designing for alterations in the public rights-of way; (2) best practices design guide for 

designing sidewalks and trails for access; (3) ADA best practices tool kit for state and local 

governments; (4) guide to best practices for accessible pedestrian signals; (5) ADA Title II technical 

assistance manual; (6) several guides provided by the Department of Justice; (7) review of existing 

guidelines and practices for designing sidewalks and trails for access; and (8) review of practices for 

ADA compliance at transportation agencies.  

2.3.1.1. Accessible Public Rights-of-Way: Planning and Designing for Alterations 

In 2007, the public rights-of-way access advisory committee (PROWAAC) published a report 

titled “Accessible Public Rights-of-Way: Planning and Designing for Alterations”, as shown in Figure 

14. This design guide provides guidance and recommendations to achieve accessibility in alteration 

projects within the public rights-of-way. The guide was based on the recommendations of a 

subcommittee of PROWAAC that developed a model for sidewalks and pedestrian facilities design 

alternatives, design processes for making alterations, design solutions to specific problems, and case 

studies demonstrating examples of accessible design practices from across the United States. The goal 

of this design guide is to improve projects in the public rights-of-way that are classified as alterations 
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under the ADA (PROWAAC 2007). The design guide includes six chapters: (1) introduction, (2) 

alterations, (3) design process, (4) design solutions, (5) model sidewalks, and (6) curb ramp examples. 

 
Figure 14: The cover page of the PROWAAC 2007 (PROWAAC 2007) 

The first chapter is entitled “Introduction” provides a general background in four sections: (1) 

The Public Right-of-Way, (2) Accessibility Regulations, (3) Alterations, and (4) Existing Facilities. 

The second chapter “Alterations” focuses on explaining both the nature of alteration projects 

and the principles of accessibility in seven sections: (1) Terminology, which explains ADA 

requirements in case of alteration in the context of sidewalks and pedestrian facilities; (2) Project 

Physical Constraints, which focuses on the physical, financial, and architectural constraints that limit 

the flexibility of alteration projects; (3) Analyzing Accessibility Alternatives, which explains the 

possible ways of achieving accessibility and the selection criteria for choosing the correct alternative; 

(4) Project Scope, which focuses on the scoping of alteration projects; (5) How do you know when 

you’ve maximized accessibility?, which explains the measures, metrics and techniques for achieving 
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maximum possible accessibility within an alteration project; (6) Project Approach, which focuses on 

promoting the accessibility design requirements in the architectural, engineering and construction 

industry; and (7) Frequently-Asked Questions, which provides answers for frequently asked questions 

on alterations. This chapter also includes several case studies that illustrate common design challenges, 

as shown in the example in Figure 15 (PROWAAC 2007).  

 
Figure 15: Example of an alteration case study (PROWAAC 2007) 

The third chapter “Design Process” provides guidance on the design process in five sections: 

(1) Gathering Information, which emphasizes the importance of gathering information about the 

applicable accessibility laws and regulations in order to assist with the scoping of the design; (2) 

Planning the Scope of Work, which focuses on determining the actual extent of work to be covered by 

the project and deciding the required accessibility modifications according to the scope of the project; 

(3) Identification of Constraints and Opportunities, which focuses on the means and methods to identify 

any barriers or constraints in the project site that can cause further expansions in the scope of work in 

order to achieve compliance with ADA requirements; (4) Development of Alternatives, which discusses 

the importance of developing more than one design solution to overcome the constraints and limitations 
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that are typically encountered during alteration projects; (5) Project Documentation, which focuses on 

documenting the analysis of every design problem including description of alternatives developed and 

decision made. This chapter also includes several case studies to illustrate common design challenges, 

as shown in the example in Figure 16 (PROWAAC 2007). 

 
Figure 16: Example of design challenges in alteration projects (PROWAAC 2007)  

The fourth chapter “Design Solutions” provides guidance and examples to solve and overcome 

most common design problems in five sections: (1) Accessible Design is a Safety Best Practice, which 

highlights the relation between accessibility and safety; (2) Information in this Chapter, which 

describes the methodology for selecting and analyzing the case studies in this chapter; (3) Design 

Problems, which defines five common design problems in alteration projects that are discussed along 

with their solutions in the following five sections; (4) Limited Right-of-Way, which provides guidance 

on methods to overcome the lack of sufficient right-of-way space to accommodate all accessibility 

requirements; (5) Above Ground Obstructions, which provides guidance on methods to overcome 
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existing obstructions that reduce the width or accessibility of pedestrian access route; (6) Push Buttons 

are not Accessible, which provides guidance on methods to overcome the inaccessibility of existing 

pedestrian signals and pushbuttons, as shown in the example in Figure 17; (7) Excessive Roadway 

Slope, which provides guidance on managing the difference between the existing roadway slope and 

accessible route slope requirements; (8) Underground Obstructions, which provides guidance on 

managing the impact of existing underground structures (e.g. drainage structures and utility vaults) on 

achieving the requirements for running and cross slope in accessible routes; (9) Accessible Parking 

Spaces General Discussion, which discusses accessible parking spaces. This chapter also includes case 

studies that illustrate possible solution for several design problems, as shown in the example in Figure 

18 (PROWAAC 2007). 

 
Figure 17: Example for improving accessibility to existing push button (PROWAAC 2007) 
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Figure 18: Example solution for narrow right-of-way (PROWAAC 2007) 

The fifth chapter “Model Sidewalks” provides examples of model sidewalks for varying 

dimensions of sidewalks and pedestrian facilities in five sections: (1) Model Sidewalks, (2) 15- to 20-

Foot Curb to Right-of-Way Line, as shown in Figure 19 (A), (3) 12-Foot Curb to Right-of-Way Line, 

as shown in Figure 19 (B), (4) 8- to 9-Foot Curb to Right-of-Way Line, as shown in Figure 19 (C), and 

(5) 4- to 5-Foot Curb to Right-of-Way Line. This chapter also includes one case study that illustrates 

parallel curb ramps (PROWAAC 2007).  
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Figure 19: Examples of model sidewalks (PROWAAC 2007) 

The sixth chapter “Curb Ramp Examples” provides examples of different types of curb ramps 

and turning spaces, as shown in Figure 20. This chapter includes three sections: (1) Curb Ramp 

Examples, (2) 10-Foot Radius Curb Returns, and (3) 30-Foot Radius Curb Returns. (PROWAAC 2007) 
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Figure 20: Case study of parallel curb ramps (PROWAAC 2007) 

2.3.1.2. Designing Sidewalks and Trails for Access, Part II of II: Best Practices Design Guide 

In 2001, the Federal High Way Administration (FHWA) published a report titled “Designing 

Sidewalks and Trails for Access, Part II of II: Best Practices Design Guide”. This design guide was 

based on the findings of an earlier FHWA study (Axelson et al. 1999) that will be described later in 

section 2.3.1.7. This best-practices design guide provides guidelines for designing sidewalks and trails 

to ensure their compliance with accessibility requirements. The design guidelines for sidewalks are 

described in chapters 2 to 11 in this guide including: (1) understanding sidewalk and trail users, (2) 

integrating pedestrians into the project planning process, (3) sidewalk corridors, (4) driveway crossings, 

(5) providing information to pedestrians, (6) curb ramps, (7) pedestrian crossings, (8) traffic calming, 

(9) sidewalk maintenance and construction site safety, and (10) sidewalk assessment. Each of these 

chapters provides guidance and best practices, as shown in the curb ramp example in Figure 21. The 

design guide also includes in its appendices several forms and checklists for assessment of sidewalk 

accessibility, as shown in the example in Figure 22 (FHWA 2001). 
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Figure 21: Example best practices for curb ramps (FHWA 2001) 
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Figure 22: Example checklist for sidewalk accessibility assessment (FHWA 2001) 

2.3.1.3. The ADA Best Practices Tool Kit for State and Local Governments 

In 2006, the Civil Rights Department of the U.S. DOJ issued its first installment of a technical 

assistance publication to aid state and local officials in applying the requirements of Title II of the ADA 

to their programs, services, activities and facilities. The technical assistance document was released in 

seven installments between December 5, 2006 and July 26, 2007, and it was titled “The ADA Best 

Practices Tool Kit for State and Local Governments.” The preamble of this toolkit states (in part): 

“The Tool Kit is designed to teach state and local government officials how to identify and fix 

problems that prevent people with disabilities from gaining equal access to state and local 

government programs, services, and activities.  It will also teach state and local officials how 
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to conduct accessibility surveys of their buildings and facilities to identify and remove 

architectural barriers to access.” 

The tool kit includes seven chapters:(1) ADA basics, statutes and regulations, (2) ADA 

coordinator notice and grievance procedure, (3) general effective communication requirements under 

Title II of the ADA, (4) 9-1-1 and emergency communications services, (5) website accessibility under 

Title II of the ADA, (6) curb ramps and pedestrian crossings (see Figure 23), (7) emergency 

management under Title II of the ADA. The toolkit also includes two appendices titled: (a) survey 

instructions for curb ramps, and (b) survey forms for curb ramps. The toolkit included extensive 

checklists for the ADA Title II requirements. The DOJ highly recommends implementing the best 

practices that are listed in this toolkit (U.S. Department of Justice 2007). 

 
Figure 23: Example best practices for curb ramps (U.S. Department of Justice 2007) 

2.3.1.4. Accessible Pedestrian Signals: A Guide to Best Practices 

In 2010, The American Association of State Highway and Transportation Officials (AASHTO) 

sponsored a research study in cooperation with the Federal Highway Administration to develop best 
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practices for accessible pedestrian signals. The findings of this study were published in a report titled 

“Accessible Pedestrian Signals: A Guide to Best Practices” (NCHRP 2009). 

The objective of this research study was to develop guidelines and training materials for 

implementation of accessible pedestrian signals (APS). The guidelines explained how APS could 

provide optimal information through media such as tones and tactile or verbal indicators, and under 

what circumstances their installation would be recommended. The training materials aimed to facilitate 

the application of the guidelines and the installation and operation of APS.  

The study included ten chapters that cover (1) Introduction to APS, (2) Travel by Pedestrians 

Who Are Blind or Who Have Low Vision, (3) Understanding Traffic Signals and Modern Intersection 

Design, (4) Features of APS (see Figure 24) , (5) When to Install APS, (6) Designing APS Installations, 

(7) Installation, Operation, and Maintenance, (8) Public Education about APS, (9) U.S. Case Studies, 

and (10) International Practice. It also included five appendices titled (a) Current Guidelines, (b) 

Product Information, (c) Research on APS, (d) APS Prioritization Tool Instructions and Forms, and (e) 

Glossary (NCHRP 2009). 
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Figure 24: Example of tactile arrows on pushbuttons (NCHRP 2009) 

2.3.1.5. The Americans with Disabilities Act Title II Technical Assistance Manual 

The ADA Title II technical assistance manual was developed in 1993 to promote voluntary 

compliance with Title II requirements. The manual states that its purpose “is to present the ADA's 

requirements for State and local governments in a format that will be useful to the widest possible 

audience” (U.S. Department of Justice 1994). The manual provides answers to frequently asked 

accessibility questions and illustrations to explain ADA Title II requirements. The manual includes nine 

chapters that are titled: (1) coverage, (2) qualified individuals with disabilities, (3) general 

requirements, (4) employment, (5) program accessibility, (6) new construction and alterations, (7) 

communications, (8) administrative requirements, and (9) investigation of complaints and enforcement 

(U.S. Department of Justice 1994). 

2.3.1.6. Department of Justice Guides 

Since the approval of the ADA, the Civil Rights Division of the U.S. DOJ published many 

concise manuals and field guides. Each of these provides guidance on the applications and requirements 
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of the ADA in a specific context. These manuals include (1) “ADA Business Brief: Restriping Parking 

Lots” that explains to small businesses how to organize their parking lots to comply with ADA, as 

shown in Figure 25 (DOJ 2001); (2) “Common ADA Errors and Omissions in New Construction and 

Alterations” that focuses on the most common errors and omissions related to accessibility in buildings 

and outdoors, as shown in Figure 26 (DOJ 2002); (3) “ADA Guide for Small Towns” that summarizes 

ADA requirements for small local governments such as towns, townships, and rural counties, as shown 

in Figure 27 (DOJ 2007). 

 
Figure 25: Sample page of restriping parking lots (DOJ 2001) 

 
Figure 26: Example of common ADA errors and omissions (DOJ 2001) 
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Figure 27: Cover page of ADA Guide for Small Towns (DOJ 2007) 

2.3.1.7. Designing Sidewalks and Trails for Access, Part I of II: Review of Existing Guidelines and 
Practices 

In 1999, the Federal High Way Administration (FHWA) published a report titled “Designing 

Sidewalks and Trails for Access, Part I of II: Review of Existing Guidelines and Practices”. This report 

presented the findings of a research study on sidewalks and trails accessibility that was sponsored by 

the U.S. DOT to provide planners, designers, and transportation engineers with a better understanding 

of how sidewalks and trails should be developed to promote pedestrian access for all users, including 

people with disabilities.  

This study conducted an extensive literature review, and analyzed existing guidelines and 

recommendations for developing sidewalks and trails. In addition, site visits were conducted to several 

towns and cities across the United States that (a) provide excellent accommodations for people with 

disabilities, and (b) lack adequate accessible facilities. Quantitative measurements of sidewalk and trail 
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characteristics that affect accessibility were taken at the sites. Experts also were interviewed to obtain 

the most current information on sidewalk and trail access as it relates to people with disabilities 

(Axelson et al. 1999). 

The study includes five chapters that cover (1) Disability Rights Legislation and Accessibility 

Guidelines and Standards in the United States, (2) Characteristics of Pedestrians, (3) Summary of the 

Planning Process, (4) Sidewalk Design Guidelines and Existing Practices, (see Figure 28), and (5) Trail 

Design for Access. It also includes three appendices titled (a) Abbreviations and Acronyms, (b) 

Glossary, and (c) Bibliography. 

The outcomes of this study showed that (a) sidewalks should be designed as a whole, not a set 

of separate elements, (b) accessibility of sidewalks increase when it is integrated into the early stages 

of the design process, and (c) community involvement is vital to the process of designing sidewalks 

(Axelson et al. 1999).  

 
Figure 28: Example of changes in cross slope over a short distance (Axelson et al. 1999) 
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2.3.1.8. ADA Compliance at Transportation Agencies: a Review of Practices 

In 2007, the American Association of State Highway and Transportation Officials (AASHTO) 

sponsored a research study on ADA compliance in transportation agencies. The study was titled “ADA 

Compliance at Transportation Agencies: a Review of Practices”. The purpose of the study was to gather 

information and develop a synthesis of practices, including best practices, on the various approaches 

transportation agencies use to address ADA compliance issues. The focus of the project was on 

pedestrian infrastructure on sidewalks and pedestrian facilities, including sidewalks, curb ramps, 

pedestrian crossings, and obstructions. The analysis did not include buildings, facilities, or transit 

infrastructure. The study conducted a comprehensive literature review, a survey, and several interviews. 

The published report of this study includes five chapters titled: (1) introduction, (2) literature review of 

standards, guidelines, and current practices, (3) online survey procedure and results, (4) interviews and 

other information gathered from stakeholders, and (5) summary of practices (Quiroga and Turner 

2008).  

2.3.2. State Guidelines 

Many state agencies developed manuals and design guides to provide best practices that can be 

used to comply with accessibility laws and regulations. Accessibility-related guidelines developed by 

other states were gathered, analyzed and categorized according to their relevance and level of detail. 

The analysis revealed that a number of these gathered guidelines were too brief, outdated, or irrelevant. 

This section presents examples of the most relevant, detailed, and current state guidelines, including 

(1) Accessible sidewalk requirements by Iowa Department of Transportation; (2) Field guide for 

accessible public rights of way by the Washington State Department of Transportation; (3) ADA project 

design guide by Minnesota Department of Transportation;(4) temporary pedestrian facilities handbook 

by California Department of Transportation; (5) accessibility policy and guidelines for pedestrian 

facilities along state highways by the Maryland Department of Transportation; and (6) 



 

 

 

60 

PROWAG/ADAAG standards - guidance for temporary pedestrian access route facilities and devices 

by Minnesota Department of Transportation. 

2.3.2.1. WSDOT Field Guide for Accessible Public Rights of Way 

In 2012, the Washington State Department of Transportation published a field guide titled 

“Field Guide for Accessible Public Rights of Way 2012 Edition” to provide assistance to its officials 

and local engineers on achieving compliance with accessibility laws and regulations. The field guide is 

intended to serve as a pocket guide in the actual worksites to facilitate the process of construction and 

inspection of pedestrian facilities in sidewalks and pedestrian facilities. The field guide covers (1) 

Accessibility Criteria Checklists; (2) Pedestrian Circulation Path (PCP); (3) Protruding 

Objects/Obstructions; (4) Pedestrian Access Route (PAR); (5) Access Route Surface Elements; (6) 

Curb Ramps, which includes sections that cover: perpendicular type curb ramp, parallel type curb ramp, 

combination type curb ramp, single-direction parallel type curb ramp, and diagonally-oriented parallel 

type curb ramp; (7) Curb Ramp Transitions; (8) Detectable Warning Surfaces (DWS); (9) Pedestrian 

Push Buttons and Accessible Pedestrian Signals (APS); (10) Crosswalks; (11) Driveways; (12) Bus 

Stops, and (13) Alternate Pedestrian Circulation Paths and Pedestrian Detours. The field guide includes 

figures and illustrations that provide clear explanation of accessibility regulations and standards (see 

Figure 29) (Washington DOT 2012). 
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Figure 29: Diagonally oriented parallel type curb ramp (Washington DOT 2012) 

2.3.2.2. IowaDOT Accessible Sidewalk Requirements 

In 2012, the Iowa Department of Transportation updated its design manual to include a new 

chapter titled “Chapter 12: Accessible Sidewalk Requirements” that provides guidance on the 

application of accessibility regulations and standards on sidewalks and pedestrian facilities. This 

chapter is based on the 2011 Proposed Accessibility Guidelines (PROWAG). The chapter was updated 

three times with the most recent update on August 16 2013. The chapter covers (A) Introduction, (B) 

Transition Plan, (C) Definitions, (D) Applicability, (E) Standards for Accessibility, (F) Bus Stop, and 

(G) Accessible Pedestrian Signals. The chapter also includes several illustrations and figures to clarify 

accessibility requirements (see Figure 30) (Iowa DOT 2013) 
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Figure 30: Curb ramp turning spaces (Iowa DOT 2013) 

2.3.2.3. MNDOT ADA Project Design Guide 

In 2012, the Minnesota Department of Transportation (MNDOT) published a design guide that 

was titled “ADA Project Design Guide”. This guide covers (A) introduction, (B) scoping, (C) pre-

design-determining the level of plan detail & survey needs, (D) design considerations, (E) signals, (F) 

surveys, (G) drainage, (H) materials, (I) utilities, (J) right of way, (K) traffic control/temporary 

pedestrian access routes, (L) signing/striping, (M) pork chop islands, (N) medians, (O) construction, 

(P) trails/pedestrian facilities, and (Q) pay item guidance. The MNDOT guide is comprehensive; 

however, it did not include illustrations or figures (MNDOT 2012). 
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2.3.2.4. Caltrans Temporary Pedestrian Facilities Handbook 

In 2011, the California Department of Transportation (Caltrans) published a handbook that 

focused on the requirements of temporary pedestrian facilities on sidewalks. This handbook covers (A) 

introduction, (B) related Caltrans standards, (C) California MUTCD requirements, (D) permanent 

facilities, and (E) an ADA checklist (Caltrans 2011). The handbook included several illustrations and 

figures (see Figure 31) 

 
Figure 31: Pedestrian path width (Caltrans 2011) 

2.3.2.5. MDOT Accessibility Policy and Guidelines for Pedestrian Facilities along State Highways 

In 2010, the Maryland Department of Transportation (MDOT) published a report titled 

“Accessibility Policy and Guidelines for Pedestrian Facilities along State High Way”. The report 

focused on conveying the importance of compliance with ADA requirements and explained ADA 

requirements in an easy to understand way. The report also included checklists and detailed illustrations 

to assist local architects, engineers and contractors in achieving compliance with ADA requirements 

(MSHA 2010). 



 

 

 

64 

2.3.2.6. MNDOT PROWAG/ADAAG Standards Guidance for Temporary Pedestrian Access Route 
(TPAR) Facilities and Device 

In 2010, the Minnesota Department of Transportation issued a draft publication to assist its 

officials, architects and engineers to assess the degree of compliance of any route to determine whether 

it is considered up to “Pedestrian Access Route” (PAR) Standards. The report is titled 

“PROWAG/ADAAG Standards Guidance for Temporary Pedestrian Access Route (TPAR) Facilities 

and Devices” and it focused on compiling accessibility standards that are related to ADA and Section 

504 (Minnesota DOT 2010). 

Despite the availability of these field guides, their limitations include: (1) none of them is 

comprehensive, (2) none of them include a summary of all accessibility related requirements, and (3) 

they do not display the requirements in a concise, clear, and effective manner. 

2.4. Self-Evaluations and Transition Plans 

Title II of the ADA and Section 504 of the Rehabilitation Act require public entities covered 

by these laws to (1) perform a self-evaluation process in order to identify barriers in their physical 

facilities, policies and practices that could limit compliance with Title II requirements; and (2) if the 

public entity employs 50 or more persons, to prepare a transition plan that explains how these entities 

plan to achieve compliance with accessibility regulations. 

2.4.1. Self-Evaluations 

The ADA Title II regulations that were developed by the Department of Justice require all 

public entities to complete self-evaluations in order to evaluate (1) their current services, policies, and 

practices, and their compliance with the requirements of Title II of the ADA; and (2) the extent of 

modification of any such services, policies, and practices that are required for compliance with the 

ADA Title II requirements (28 C.F.R. § 35.105 (a)). 
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2.4.1.1. Definition and Scope 

The U.S. Department of Justice defines self-evaluation In the ADA Title II Technical 

Assistance Manual as: 

“A public entity's assessment of its current policies and practices. The self-evaluation identifies 

and corrects those policies and practices that are inconsistent with Title II's requirements. As 

part of the self-evaluation, a public entity should: 

1) Identify all of the public entity's programs, activities, and services; and 

2) Review all the policies and practices that govern the administration of the public entity's 

programs, activities, and services.” (U.S. Department of Justice 1994). 

The U.S Department of Justice in its ADA Title II Technical Assistance Manual states that a 

public entity's policies and practices are typically reflected in its laws, ordinances, regulations, 

administrative manuals or guides, policy directives, and memoranda. Other practices, which may not 

be recorded, may be based on local custom. Once a public entity has identified its policies and practices, 

it should analyze whether these policies and practices adversely affect the full participation of 

individuals with disabilities in its programs, activities, and services. The DOJ also states that areas that 

need to be reviewed in these self-evaluations include (U.S. Department of Justice 1994): 

• A public entity must examine each program to determine whether any physical barriers to 

access exist. It should identify steps that need to be taken to enable these programs to be made 

accessible when viewed in their entirety. If structural changes are necessary, they should be 

included in the transition plan. 

• A public entity must review its policies and practices to determine whether any exclude or limit 

the participation of individuals with disabilities in its programs, activities, or services. Such 

policies or practices must be modified, unless they are necessary for the operation or provision 

of the program, service, or activity. The self- evaluation should identify policy modifications 



 

 

 

66 

to be implemented and include complete justifications for any exclusionary or limiting policies 

or practices that will not be modified. 

• A public entity should review its policies to ensure that it communicates with applicants, 

participants, and members of the public with disabilities in a manner that is as effective as its 

communications with others.  

• A public entity should review its policies to ensure that they include provisions for readers for 

individuals with visual impairments; interpreters or other alternative communication measures, 

as appropriate, for individuals with hearing impairments; and amanuenses for individuals with 

manual impairments.  

• A review should be made of the procedures to evacuate individuals with disabilities during an 

emergency. This may require the installation of visual and audible warning signals and special 

procedures for assisting individuals with disabilities from a facility during an emergency. 

• A review should be conducted of a public entity's written and audio-visual materials to ensure 

that individuals with disabilities are not portrayed in an offensive or demeaning manner. 

• If a public entity operates historic preservation programs, it should review its policies to ensure 

that it gives priority to methods that provide physical access to individuals with disabilities. 

• A public entity should review its policies to ensure that its decisions concerning a fundamental 

alteration in the nature of a program, activity, or service; or a decision will not cause an undue 

financial and administrative burden. 

• A public entity should review its policies and procedures to ensure that individuals with 

mobility impairments are provided access to public meetings. 
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• A public entity should review its employment practices to ensure that they comply with other 

applicable nondiscrimination requirements, including Section 504 of the Rehabilitation Act and 

the ADA regulation issued by the Equal Employment Opportunity Commission. 

• A public entity should review its building and construction policies to ensure that the 

construction of each new facility or part of a facility, or the alteration of existing facilities after 

January 26, 1992, conforms to the Standards designated under the title II regulation. 

• A review should be made to ascertain whether measures have been taken to ensure that 

employees of a public entity are familiar with the policies and practices for the full participation 

of individuals with disabilities. If appropriate, training should be provided to employees. 

• If a public entity limits or denies participation in its programs, activities, or services based on 

drug usage, it should make sure that such policies do not discriminate against former drug users, 

as opposed to individuals who are currently engaged in illegal use of drugs. 

Once a public entity identified, in its self-evaluation, policies and practices that deny or limit 

the participation of individuals with disabilities in its programs, activities, and services, it should take 

immediate actions to eliminate the impediments to full and equivalent participation. Structural 

modifications that are required for program accessibility should be made as soon as possible (DOJ 

1994). 

2.4.1.2. Public Feedback Requirement 

The ADA Title II regulations require all public entities to provide an opportunity to interested 

persons, including individuals with disabilities or organizations representing individuals with 

disabilities, to participate in the self-evaluation process by submitting comments (28 C.F.R. § 35.105 

(b)). 



 

 

 

68 

Public entities are required to accept comments from the public on the self-evaluation and are 

strongly encouraged by the U.S. Department of Justice to consult with individuals with disabilities and 

organizations that represent them to assist in the self-evaluation process. Many individuals with 

disabilities have unique perspectives on a public entity's programs, activities, and services. For 

example, individuals with mobility impairments can readily identify barriers preventing their full 

enjoyment of the public entity's programs, activities, and services. Similarly, individuals with hearing 

impairments can identify the communication barriers that hamper participation in a public entity's 

programs, activities, and services. 

2.4.1.3. Covered Public Entities 

The ADA Title II regulations require each public entity that employs 50 or more persons, for 

at least three years following completion of the self-evaluation, to maintain on file and make available 

for public inspection: (1) a list of the interested persons consulted; (2) a description of areas examined 

and any problems identified; and (3) a description of any modifications made (28 C.F.R. § 35.105 (c)). 

2.4.1.4. Required Updating of Self-Evaluations 

The U.S. Department of Justice in its ADA Title II Technical Assistance Manual strongly 

recommends public entities to periodically review and update their self-evaluations, especially if they 

were completed earlier under Section 504 of the Rehabilitation Act. Because most Section 504 self-

evaluations were done many years ago, the U.S. Department of Justice states in its Title II Technical 

Assistance Manual that it expects that many public entities will re-examine all their policies and 

practices. Programs and functions may have changed significantly since the Section 504 self-evaluation 

was completed. Actions that were taken to comply with Section 504 may not have been implemented 

fully or may no longer be effective. In addition, Section 504's coverage has been changed by statutory 

amendment, particularly the Civil Rights Restoration Act of 1987, which expanded the definition of a 

covered "program or activity." Therefore, public entities should ensure that all programs, activities, and 
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services are examined fully, except where there is evidence that all policies were previously scrutinized 

under Section 504 (DOJ 1994). 

2.4.1.5. Self-Evaluation Guides 

In 2004, the Division of Community Services of the North Dakota Department of Commerce 

published an extensive guide for preparing self-evaluations and transition plans. The guide was titled 

“Section 504/ADA Technical Assistance Handbook”. The handbook is divided into three sections. The 

first section is a checklist to help public entities determine if they need a self-evaluation and if they 

need to keep it for three years. The second section discusses self-evaluations and how to achieve them 

in the most effective way. The third part explains transition plans and their requirements including a 

checklist (NDDOC 2004). 

In 2010, the Massachusetts Department of Housing and Community Development (MDHCD) 

developed a guide to assist its officials in preparing self-evaluations and transition plans. The guide 

focused on self-evaluations and transition plans for housing developments; however, its guidelines can 

be applied to sidewalks and pedestrian facilities. The report was prepared by Kessler McGuinness and 

Associates, and was titled “ADA/504 Self Evaluation and Transition Plan Guide” (MDHCD 2010). 

Another tool for self-evaluations was developed by the Texas Governor's Committee on People 

with Disabilities and the Office for Civil Rights. The tool is titled “Americans with Disabilities Act 

Self Evaluation Tool”. The tool consists of four parts: (i) part I that deals with issues affecting Title II 

employers and includes a brief introduction and a summary of key definitions; (ii) part II that deals 

with the Title II requirements for self-evaluation; (iii) part III that provides a "Quick Look" Checklist 

for accessibility; and (iv) part IV is a partial list of agencies, organizations and disability groups that 

can provide information and assistance (CPD 2014). 
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2.4.2. Transition Plans 

The ADA Title II regulations that were developed by the Department of Justice require all 

public entities to develop a transition plan when: (1) the public entity has completed a self-evaluation 

that requires structural changes to facilities to achieve program accessibility, and (2) the public entity 

employs 50 or more employees. The transition plan should state the steps necessary to complete the 

required structural changes (28 C.F.R § 35.150 (d)). 

2.4.2.1. Definition and Scope 

The ADA Title II regulations specify the minimum requirements of a transition plan as follows: 

 “The plan shall, at a minimum 

(i) Identify physical obstacles in the public entity’s facilities that limit the accessibility of its 

programs or activities to individuals with disabilities; 

(ii) Describe in detail the methods that will be used to make the facilities accessible; 

(iii) Specify the schedule for taking the steps necessary to achieve compliance with this section 

and, if the time period of the transition plan is longer than one year, identify steps that will be 

taken during each year of the transition period; and 

(iv) Indicate the official responsible for implementation of the plan” (28 C.F.R § 35.150 (d) 

(3)). 

The ADA Title II regulations state that if a public entity has responsibility or authority over 

streets, roads, or walkways, its transition plan shall include a schedule for providing curb ramps or other 

sloped areas where pedestrian walks cross curbs, giving priority to walkways serving entities covered 

by the Act, including State and local government offices and facilities, transportation, places of public 

accommodation, and employers, followed by walkways serving other areas (28 C.F.R. § 35.150 (d) 

(2)).  
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If a public entity has already complied with the transition plan requirement of a Federal agency 

regulation implementing Section 504 of the Rehabilitation Act of 1973, then these requirements shall 

apply only to those policies and practices that were not included in the previous transition plan (28 

C.F.R. § 35.150 (d) (4)). 

The ADA Title II Regulations did not provide a specific time frame or interval for updating 

transition plans. However, the Department of Justice strongly recommends updating all transition plans 

on a regular basis to achieve compliance with the latest changes in regulations and standards and to 

avoid costly penalties in case of non-compliance (DOJ 1994). 

2.4.2.2. Public Feedback Requirement 

The ADA Title II regulations state that a public entity shall provide an opportunity to interested 

persons, including individuals with disabilities or organizations representing individuals with 

disabilities, to participate in the development of the transition plan by submitting comments. A copy of 

the transition plan shall be made available for public inspection (28 C.F.R. § 35.150 (d) (1)).  

2.4.2.3. Transition Plan Guides 

In 2012, the Chicago Metropolitan Agency for Planning (CMAP) developed a brochure to 

explain and promote the process of making and updating self- evaluations and transition plans for the 

local communities in the Chicago region, as shown in Figure 32. The brochure included sections that 

cover the definition of a transition plan, who should prepare it, when should it be prepared, which 

facilities fall under the requirements of a transition plan, and how does a local government develop a 

transition plan (CMAP 2012). 

The Chicago Metropolitan Agency for Planning mentioned in its brochure that updates to 

transition plans should be completed to reflect new guidelines and standards. These recent guidelines 

and standards include the aforementioned (1) 2010 ADA Accessibility Standards that became effective 

in 2012 (28 C.F.R. § 35); and (2) 2011 proposed accessibility guidelines for pedestrian facilities in the 
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public right-of-way (PROWAG) (USAB 2011). CMAP also recommended that most communities 

should update their transition plans, if their plans have not recently been updated to reflect the latest 

guidelines and standards (CMAP 2012). A sample of the City of Urbana transition plan is shown in 

Appendix B (COU 2012). 

 
Figure 32: Cover page of ADA Transition Plan (CMAP 2012) 

2.5. Legal Cases 

This section provides a review of court cases and legal settlements that are related to 

accessibility of sidewalks and pedestrian facilities.  

2.5.1. Decided Court Cases 

In Kinney v. Yerusalim (1993), Kinney et al. pursued complaints against the Secretary of the 

Pennsylvania Department of Transportation (Yerusalim) and the Philadelphia Streets Department.  

Among other findings, the Court of Appeals for the Third Circuit established that the resurfacing of a 

city street constituted an “alteration” in the language of ADA.  Therefore, the Court ordered the City to 
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install curb ramps on those portions of streets where resurfacing would take place (including retroactive 

requirements for those streets that had been resurfaced since January 26, 1992, the effective date of 

ADA).  In addition, the Court agreed that the “undue burden” language in ADA applies only to existing 

facilities and does not apply once alterations take place.  Therefore, the cost of providing accessible 

ramps was of no issue once the resurfacing was established as an alteration (9 F.3d 1067, 1993). 

In this case, resurfacing was considered an alteration and was “defined as laying at least 1½ 

inches of new asphalt, sealing joints and cracks, and patching depressions of more than 1 inches, 

spanning the length and width of a city block” (Quiroga and Turner 2008). This was significant, as the 

court decision and its definition of resurfacing require providing curb ramps at intersections in 

compliance with the ADA standards. The related sections of the final court decision stated (in part): 

“Whether resurfacing a street constitutes an "alteration" is thus dependent on whether 

resurfacing affects the usability of the street. We think that it does. As stated above, the DOJ 

has indicated that the concept of usability should be read broadly. The ADA is a remedial 

statute, designed to eliminate discrimination against the disabled in all facets of society. As a 

remedial statute it must be broadly construed to effectuate its purposes. Unlike merely painting 

a wall or polishing a floor, resurfacing affects the street in ways integral to its purpose. 

Resurfacing makes driving on and crossing streets easier and safer. It also helps to prevent 

damage to vehicles and injury to people, and generally promotes commerce and travel. The 

surface of a street is the part of the street that is "used" by both pedestrian and vehicular traffic. 

When that surface is improved, the street becomes more usable in a fundamental way. 

Furthermore, the process of resurfacing entails more than minor repair work or maintenance. 

According to the parties, city streets generally consist of three layers, a sub-base consisting of 

stone, a base consisting of concrete, and a top layer of asphalt. While sometimes new asphalt 

may simply be overlaid on top of the old surface, more often the old asphalt is removed by a 

process known as "milling." Milling consists of removing and then replacing the top layer of 

asphalt with the use of heavy machinery. This process may require either that the entire surface 

from curb to curb be removed, or that seven or eight feet from either curb may be removed, 

depending on the nature of the street. During this process any necessary reconstruction will be 
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performed, for example, any cracks in the concrete base of the road will be repaired and 

manholes may be raised or lowered to be flush with the street when the resurfacing is complete. 

We conclude that resurfacing a street is an alteration within the meaning of the regulations 

and triggers the obligation to install curb ramps or slopes.” (9 F.3d 1067). 

“Whatever the extent of work performed under a contract, the City has certain minimum 

requirements for resurfacing. Thus, by the City's own specifications, resurfacing requires 

laying at least 1 1/2 inches of new asphalt, sealing open joints and cracks, and patching 

depressions of more than one inch. At issue in this appeal are those resurfacings which cover, 

at a minimum, an entire street from intersection to intersection. Thus, we are not called upon 

to decide whether minor repairs or maintenance trigger the obligations of accessibility for 

alterations under the ADA.” (9 F.3d 1067) 

In 2013, the Department of Justice (DOJ) provided an updated definition of alteration and the 

extent to which it affects the application of the ADA standards. The DOJ defined alteration as a process 

that affects the usability including “reconstruction, rehabilitation, resurfacing, widening, and projects 

of similar scale and effect”. In addition, the DOJ provided additional clarification to the definition set 

by the case of Kinney versus Yerusalim and it specified that curb ramps should only be provided on 

the right of ways that are eligible for pedestrian use and that projects can be classified as resurfacing 

when the work is “on a street or roadway spanning from one intersection to another, and includes 

overlays of additional material to the road surface, with or without milling”. The DOJ also clarified that 

procedures that are performed to enclose and polish the road surface are not considered an alteration 

but rather maintenance, and therefore they do not trigger the application of the ADA standards. The 

document also included a chart that compares maintenance and alteration activities according to the 

ADA, as shown in Figure 33 (DOJ/DOT 2013). 
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Figure 33: Maintenance vs. alterations under the ADA (DOJ/DOT 2013) 

2.5.2. Settlement Agreements 

When public entities do not fully comply with ADA regulations, they often face complaints 

and court cases that are filed by individuals and/or law-enforcing Federal agencies. Many of these cases 

are resolved by reaching a settlement or agreement before rendering a court decision. Although these 

settlements do not have the same power as a court decision, they provide a general understanding about 

the consequences of not complying with accessibility laws and regulations. These settlements often 

include financial and procedural terms. In this literature review, a total of 43 recent sidewalks and 

pedestrian facilities settlement agreements were collected and investigated including five that had 

financial terms, as shown in. The following sections provide a concise review of (a) five settlements 

that included financial terms, as shown in Table 6; (b) six recent settlements in Illinois; and (c) thirty 

two recent settlements in other states.  
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Table 6: Five Recent Settlements with Financial Terms (DOJ 2014) 

City State Year Financial Terms Duration 
City of Sacramento  California 2004 20% of Transportation Fund 30 years 

City of Chicago Illinois 2007 $50 million 5 years 
City of Atlanta Atlanta 2008 $3 million Once 

Caltrans California 2010 $1.1 billion 30 years 
City of Baltimore Maryland 2011 $120,000 Once 

 

2.5.2.1. Settlements with Financial Terms  

The following five accessibility-related settlements included financial terms, as shown in Table 

6. 

2.5.2.1.1. City of Baltimore 2011 Settlement ($120,000) 

In 2011, the City of Baltimore entered into settlement with an individual to avoid an 

accessibility related lawsuit. In this settlement, the City of Baltimore agreed to pay $120,000 to Ms. 

Anita Stevens as a compensation for the damage she was entitled due to an accident that occurred at 

Ednor Gardens that caused a serious injury to Ms. Stevens (Reuter 2014). 

2.5.2.1.2. Caltrans 2010 Settlement ($1.1 Billion over 30 Years) 

In 2010, the California Department of Transportation (Caltrans) entered into a settlement with 

Californians for Disability Rights and California Council for the Blind. In this settlement, Caltrans 

agreed to pay $1.1 billion of highway funds over the following 30 years to perform repair and 

construction projects that provide accessibility on their sidewalks and pedestrian facilities. Caltrans 

also accepted to accommodate the ADA requirements on its facilities that are both newly constructed 

or altered and allow personal requests and input using various communication methods including its 

website. This settlement agreement was “the largest architectural access settlement to date” as stated 

by Californians for Disability in 2014 (Californians for Disability 2014). 
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2.5.2.1.3. City of Atlanta 2008 Settlement ($3 Million) 

In 2008, the City of Atlanta entered into a settlement with an individual who filed an 

accessibility related complaint. In this settlement, the City of Atlanta agreed to pay $3 million in 

compensation for the individual to avoid a lawsuit. The lawsuit was filed against the City of Atlanta as 

an individual with disabilities suffered severe injuries on a broken sidewalk that he had complained 

about for years. In addition, the City agreed to repair the sidewalk that caused the injuries and the 

lawsuit. The estimated cost of the sidewalk repairs was $2,000 and had the City completed that repair 

it could have avoided paying $3 million to settle the lawsuit. This clearly illustrates that the compliance 

cost with ADA regulations can be much less than the settlement cost of lawsuits that are caused by the 

failure of state and local governments to comply with ADA requirements (Diggs 2012). 

2.5.2.1.4. City of Chicago 2007 Settlement ($140 Million over 5 Years) 

In 2007, the Council for Disability Rights and the City of Chicago entered into a settlement 

agreement regarding the accessibility on sidewalks and pedestrian facilities in Chicago. In this 

settlement, the City of Chicago agreed to spend $10 million annually for five years following the 

agreement to ensure compliance with accessibility laws and regulations regarding existing curb ramps 

and sidewalks that were not originally planned to be modified. In addition, the City of Chicago agreed 

to spend approximately $18 million each year installing curb ramps and sidewalks as part of the City’s 

annual resurfacing work. The city also agreed to provide accessibility in all alteration or resurfacing 

projects that are scheduled to start after the agreement date, and to seek input from people with 

disabilities (Class action settlement 2007). 

2.5.2.1.5. City of Sacramento 2004 Settlement (20% of Transportation Fund for 30 Years) 

In 2004, the City of Sacramento entered into a settlement agreement with various individuals 

with disabilities that filed complaints due to the lack of adequate accessibility of the facilities within its 

jurisdiction. In this settlement, the City of Sacramento agreed to allocate 20% of its annual 

Transportation Funds for the 30 years following the agreement to pay for required work on its facilities 
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with pedestrian usage to comply with the ADA standards. The settlement agreement also emphasized 

the City’s responsibility to provide sources of communication to account for the personal requests and 

opinions of accessibility on its facilities (Barden v. Sacramento, 2004).  

2.5.2.2. Recent Settlements in Illinois  

This section analyzes six recent accessibility related settlements that were reached between the 

U.S. Department of Justice and six public entities in Illinois over a period of nine years, as shown in 

Table 7. Four of these settlements addressed accessibility on sidewalks and pedestrian facilities, while 

the remaining two did not (see Table 7). The analysis of the four sidewalks and pedestrian facilities 

settlements reveals that they had many similar terms including: 

• Within three months of the agreement, the city will file a report that illustrates their efforts to 

receive suggestions, opinions, and requests from persons with disabilities on the accessibility 

of its sidewalks.  

• Within three months of the agreement, the city/county should file a written report of all streets, 

roads, highways, and street level walkways that have been constructed or altered since the ADA 

took effect on Jan 26, 1992.   

• For existing facilities, the city will provide accessibility to sloped areas or curb ramps at all 

existing places where pedestrian walkway intersects with streets, roads, and highways within 

three years of the agreement. This includes intersections with curbs or other barriers to entry 

with regard to the 2010 ADA Standards.  

• For new construction and alteration projects, accessibility on curb ramps or sloped areas 

complying with the 2010 ADA Standards will be provided at intersections with curbs or other 

barriers to entry from street level walkway of all newly constructed or altered streets, roads, or 

highways beginning no later than three months from the agreement date.  
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• The standards that were commonly used in these settlements were the 2010 ADA Standards 

and the UFAS. 

Table 7: Settlements Between DOJ and Public Entities in Illinois Since 2001 

Public Entity Settlement Date Address PROW 
Warren County (DOJ 2001) 9/06/2001 No 

Waukegan Park District (DOJ 2004) 2/27/2004 Yes 
Will County (DOJ 2005a) 7/25/2005 Yes 

City of Waukegan (DOJ 2005b) 12/15/2005 Yes 
Village of Midlothian (DOJ 2009) 7/29/2009 No 

St. Clair County (DOJ 2010a) 5/11/2010 Yes 
 

2.5.2.3. Recent Settlements in Other States 

This section analyzes thirty-two recent accessibility related settlements that were reached in 

other states over the last four years, as shown in Table 8. These settlement agreements were reached 

between the U.S. Department of Justice's Project Civic Access (PCA) and public entities in other states. 

The PCA was initiated by the DOJ to ensure that counties, cities, towns, and villages comply with the 

ADA by eliminating physical and communication barriers that prevent people with disabilities from 

participating fully in community life. The DOJ has conducted reviews in all 50 states, as well as Puerto 

Rico and the District of Columbia, and has posted its agreements with public entities on its website to 

help additional communities comply with the ADA (DOJ 2014). The analysis of the aforementioned 

32 settlements that were reached in other states reveals that they included similar terms to those listed 

above in section 2.5.2.2 (DOJ 2014). 
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Table 8: List of Settlement Agreements Analyzed in the Study (DOJ 2014) 

Public Entity State Settlement Date 
City of Fort Morgan (DOJ 2013a) Colorado 8/17/2013 
Town of Poestenkill (DOJ 2013b) New York 7/19/2013 

City of West Columbia (DOJ 2013c) South Carolina 5/31/2013 
Stewart County(DOJ 2013d) Georgia 5/9/2013 

Jacksonville (DOJ 2013e) Florida 4/19/2013 
North Adams (DOJ 2012a) Massachusetts 10/16/2012 
Providence (DOJ 2012b) Rhode Island 10/4/2012 

Schuylkill County (DOJ 2012c) Pennsylvania 9/13/2012 
Kansas City (DOJ 2012d) Missouri 7/25/2012 

Randolph County (DOJ 2012e) Georgia 7/24/2012 
City of Wills Point (DOJ 2012f) Texas 7/24/2012 

Humboldt (DOJ 2012g) Kansas 2/08/2012 
Upshur County (DOJ 2011a) Texas 11/22/2011 

Town of Warrenton (DOJ 2011b) Virginia 9/28/2011 
Montgomery County (DOJ 2011c) Maryland 8/16/2011 

City of Madison (DOJ 2011d) Indiana 7/26/2011 
Daviess County (DOJ 2011e) Kentucky 7/26/2011 
Norfolk County (DOJ 2011f) Massachusetts 7/26/2011 

Van Buren County (DOJ 2011g) Arizona 6/28/2011 
The City of Independence (DOJ 2011h) Kansas 4/28/2011 
The City of Des Moines (DOJ 2011i) Iowa 3/02/2011 
The Town of Swansea(DOJ 2011j) Massachusetts 2/15/2011 

Fairfax County (DOJ 2011k) Virginia 1/28/2011 
Newport (DOJ 2010b) Rhode Island 9/30/2010 

Fort Myers (DOJ 2010c) Florida 9/30/2010 
Muskegon (DOJ 2010d) Michigan 9/29/2010 

Pearl River County (DOJ 2010e) Mississippi 7/20/2010 
Town of Pomfret (DOJ 2010f) Connecticut 7/20/2010 
Wilson County (DOJ 2010g) North Carolina 7/20/2010 
Smyth County (DOJ 2010h) Virginia 6/09/2010 

Lancaster County (DOJ 2010i) Pennsylvania 6/09/2010 
Wyandotte County & Kansas City (DOJ 

2010j) 
Kansas 4/07/2010 
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CHAPTER 3 -  FIELD GUIDE DEVELOPMENT 

This chapter presents the development of a comprehensive and effective field guide to 

overcome the limitations of existing field guides. A sample section of the developed field guide is in 

“Appendix A”. The following sections highlight the design, content, and size of the developed field 

guide. 

3.1. Design 

Two prototype designs for the field guide were developed to evaluate their practicality and 

effectiveness by an interdisciplinary team of engineers, designers, legal experts, and DOT 

administrators with expertise in the construction of accessible sidewalks and pedestrian facilities. The 

first prototype design used concise paragraphs to explain each requirement using text and figures, and 

it is designed to be used by field engineers on site and/or designers, as shown in Figure 34. The second 

prototype design use checklists that include brief questions to highlight each requirement with the aid 

of illustrative figures, and it is designed to be used by field engineers on site to inspect and verify 

compliance of existing and/or newly constructed sidewalks and pedestrian facilities with accessibility 

requirements, as shown in Figure 35. 
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Figure 34: Example of first design prototype for grade break requirement  

 
Figure 35: Example of second design prototype for grade break requirement 

The interdisciplinary team members were asked to provide their feedback for each prototype 

regarding its comprehensiveness, clarity, size, and form factor. They were also asked to indicate for 
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each prototype whether it is most suitable for design or on-site inspection use. Their feedback indicated 

that each prototype had advantages and disadvantages, as shown in Table 9. As shown in Table 9, the 

conclusion of the interdisciplinary team was that the second prototype provided the most effective 

design for field guides and therefore it was selected in the development of the present guide.  

Table 9: Comments on and Ratings of Two Prototypes from Interdisciplinary Team 

Design Criteria First Prototype Second Prototype 
Rank Comments Rank Comments 
D I D I 

Comprehensiveness 1 1 Includes all accessibility 
requirements 

1 1 Includes all accessibility 
requirements 

Clarity 1 0 Provides clear and detailed 
explanation of accessibility 
requirements, which is more 
effective for designers. Using 
detailed description and 
paragraphs however makes it 
less effective for site inspection 
by field engineers. 

0 1 Provides clear and concise 
checklists of accessibility 
requirements in the form of 
questions, which is more 
effective for field engineers. 
Using concise questions and 
checklists however makes it less 
effective for designers. 

Effectiveness 1 0 Provides detailed explanation of 
accessibility requirements, 
which makes it more effective 
for designers. 

0 1 Provides concise questions for 
inspecting the compliance of site 
conditions with accessibility 
requirements, which makes it 
more effective for field 
engineers. 

Size  0 1 Pocket size is very practical for 
on-site inspection use, but not 
ideal for office design use. 

0 1 Pocket size is very practical for 
on-site inspection use, but not 
ideal for office design use. 

Conclusion 3 2 This prototype should be 
selected as a design manual  

1 4 This prototype should be selected 
as a field guide 

Table Key: “D” = performance for design use, “I” = performance for inspection use, “2” = most favorable performance, 
“1” = least favorable performance 
 

3.2. Content 

The content of the field guide is designed to include three main sections: (1) introduction, (2) 

accessibility requirements checklists, and (3) defined terms. The purpose of this content of the field 

guide is to ensure that it is comprehensive, concise and practical. The procedure for developing the 

organization and content of the field guide consists of the following eight steps. 
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Step 1: An introduction section was created to explain the purpose of the field guide and its 

organization. 

Step 2: The 2011 PROWAG was identified as the main source for the contents of the field 

guide because it is the most recent and comprehensive federal guidelines that will be adopted soon as 

enforceable accessibility standards for sidewalks and pedestrian facilities (USAB 2011). 

Step 3: The contents of PROWAG was analyzed and reorganized to combine the scoping 

requirements from its Chapter R2 with the technical requirements from Chapter R3 and supplementary 

technical requirements from Chapter R4 to produce a single and comprehensive list of accessibility 

requirements for each item in the PROWAG to facilitate the inspection of their compliance on site. For 

example, the scoping requirements of pedestrian access routes are located in Chapter R2, while 

technical requirements for the same item are located in Chapter R3, and supplementary technical 

requirements are located in Chapter R4. In this step, they are all combined and reorganized under one 

title “pedestrian access routes”. 

Step 4: The accessibility requirements for each item in PROWAG were analyzed to identify 

any external references. These references were analyzed, summarized, and integrated to the content of 

the field guide to facilitate the use of the field guide on site without the need to use any additional 

standards or references during the inspection process. For example, accessible pedestrian signals and 

pedestrian pushbuttons requirements include reference to MUTCD, as shown in Figure 36. 

Accordingly, these external MUTCD requirements were identified and integrated in the content of the 

field guide. 
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Figure 36: Sample requirement from PROWAG 2011 

Step 5: Each of the identified accessibility requirements was subdivided into several brief 

questions to simplify it for site inspection without sacrificing the meaning and purpose of the 

requirement. Each question is designed to verify one required measurement or characteristic of an 

element of sidewalks and pedestrian facilities. For example, the requirement for a turning space at the 

top and bottom of a curb ramp which is stated in PROWAG, as shown in Figure 37, was subdivided 

into four brief questions, as shown in Figure 38. 

 
Figure 37: Sample requirement from PROWAG 2011 

 
Figure 38: Sample of the brief questions in the field guide 

Step 6:  A clear and descriptive photograph or illustration was created for each brief question 

to provide visual explanation of the question. The pictures and illustrations are developed to provide 

specific guidance on how to inspect existing conditions on site to verify compliance with each 

requirement. Samples of the pictures and illustrations for the turning spaces at the top and bottom of 

the curb ramps are shown in Figure 39 and Figure 40.  
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Figure 39: Sample pictures from the field guide  
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Figure 40: Sample illustration from the field guide 

Step 7: The developed questions, pictures, and illustrations were organized in twenty checklists 

that were created to cover all the accessibility requirements in PROWAG. The identified twenty 

checklists in the field guide are designed to cover accessibility requirements for (1) pedestrian access 

routes, (2) alternate pedestrian access routes, (3) curb ramps, (4) detectable warning surfaces, (5) 

pedestrian street crossings, (6) accessible pedestrian signals and pedestrian pushbuttons, (7) transit 

stops and transit shelters, (8) on-street parking spaces, (9) passenger loading zones, (10) street furniture, 

(11) operable parts, (12) clear spaces, (13) knee and toe clearance, (14) reach ranges, (15) ramps, (16) 

stairways, (17) handrails, (18) doors, doorways, and gates, (19) visual characters on signs, and (20) 

international accessibility symbol. 

Step 8: An additional section for defined terms was integrated at the end of the field guide to 

explain the technical terms of accessibility requirements, as shown in Figure 41. 
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Figure 41: Sample of the Defined Terms section in the field guide 

3.3. Size  

Two sizes were investigated to determine the most effective size for the field guide. The first 

was letter paper size, which provided bigger space for the content. This size however might not be 

practical for use on site. The second was a custom paper size of 4.5 inches by 8.5 inches, which is 

practical for construction site conditions and can easily fit in the pocket of field engineers and/or their 

vehicles’ glove compartments. This size however provides limited space per page for the contents of 

the field guide. Based on the feedback of the aforementioned multidisciplinary team, the second size 

was selected since it is more effective for a field guide, as shown in Figure 42. The field guide is also 

prepared in a digital form to facilitate its distribution electronically.  
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Figure 42: Example of the size and ratio of the field guide 
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CHAPTER 4 -  AUTOMATED EXTRACTION OF SIDEWALK 
DIMENSIONS AND GEOMETRY FROM IMAGES 

4.1. Introduction 

This chapter presents the development of a novel and practical framework for automating the 

extraction and modeling of sidewalk conditions, dimensions and geometry from images. The 

framework provides decision makers in state and local governments with an automated methodology 

that overcomes the aforementioned limitations of existing self-evaluation techniques by (1) providing 

a practical and cost-effective procedure for conducting self-evaluations, (2) creating 3D models of 

existing sidewalks, and (3) identifying sidewalk dimensions and geometry from sidewalk images. The 

present framework is developed in three modules: (a) semantic segmentation module that uses Fully 

Convolutional Networks (FCNs) to recognize and mask sidewalks in input images, (b) 3D 

reconstruction module that builds a 3D point cloud of the recognized sidewalks, and (c) sidewalk 

dimensions module that fits a 3D surface to the reconstructed point cloud and extracts sidewalk 

dimensions and geometry from the 3D surface, as shown in Figure 43. 

 
Figure 43. Framework development modules 
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4.2. Semantic Segmentation module 

The purpose of the semantic segmentation module is to process captured sidewalk images to 

generate a set of masked images that include only sidewalk visual data after discarding all non-related 

pixels in the original images. To achieve this, the module integrates the development of a deep fully 

convolutional network (FCN) to automate the identification of sidewalk pixels from captured images. 

FCN is used in this module to perform binary dense pixel-wise image segmentation to classify all pixels 

in captured images as either sidewalk or background due to the reported capabilities of FCNs in (a) 

effectively capturing the 2-Dimensional nature of images, (b) utilizing sparsely connected neurons and 

pooling layers to minimize the required computational load, (c) differentiating between large number 

of classes, and (d) benefiting from parallel computation by utilizing graphic processing units (GPUs). 

Due to these capabilities, FCNs are reported to be an efficient and effective network architecture for 

image segmentation and analysis (Badrinarayanan et al. 2017; Chen et al. 2014; Ciresan et al. 2011; 

Couprie et al. 2013; Gupta et al. 2014; Krizhevsky et al. 2012; Long et al. 2015; Pakhomov et al. 2017; 

Sermanet et al. 2014). 

The semantic segmentation module is developed in four steps (1) designing the image 

segmentation architecture of the neural network, (2) annotating sidewalk images to create a dataset with 

labeled ground truth and splitting it into training and testing datasets, (3) training the developed FCN 

to recognize sidewalks and identify all sidewalk related pixels using the training dataset, (4) testing the 

trained FCN and verifying its performance using the testing dataset, and (5) processing input images to 

generate a new set of images that include only sidewalk visual data, as shown in Figure 44.  
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Figure 44. Development of Semantic Segmentation Module 

4.2.1. Neural Network Architecture 

The developed FCN modifies and expands the VGG-16  classifier architecture (Simonyan and 

Zisserman 2014) to enable sidewalk image segmentation. This is achieved in the developed FCN in 
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Manually Labeled Sidewalk Images (500 Images)

Sidewalk Images Ground Truth (Image Labels)

Testing Dataset
(100 images)

K-Fold Cross Validation

Training Dataset

Validation Dataset

(400 Labeled Sidewalk Images)

20%

80%

Step 3: Training and 
Validating the FCN

Identifying Sidewalk Pixels

Step 4: Testing the 
Trained FCN Discarding Non-Sidewalk 

Pixels from Images

Training

Validation

Trained FCN

Skip (from Pool 4)

Skip (from Pool 3)

Output

Up-sampling
Layers

Present Network

Input

Max Pool

Max Pool

Max Pool
Max Pool

Max Pool

Convolution
3x3x64 Convolution 3x3x128

Convolution 3x3x256

Convolution 3x3x512

Fully Convolutional Layers
HxWx4096

Convolution
1x1x2

DC-1 DC-2 DC-3

Step 2: Creating Labeled Dataset 

Step 1: Designing FCN Architecture 

400/K

400*(K-1)/K

Step 5: Processing Images



 

 

 

93 

 
Figure 45. Architecture of the developed FCN 

The first step discards the final classifier layers from the original VGG-16 architecture because 

they do not preserve the spatial data that is needed for image segmentation tasks. The second step 

converts both fully connected layers at the end of the original VGG-16 architecture to fully 

convolutional layers to preserve essential data that is required for segmentation because the two fully 
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Figure 46. The aforementioned five steps enable the developed FCN architecture to preserve the spatial 

information from input images and utilize it in the up-sampling layers by introducing skips that help 

combine coarse semantic data from prediction layers (e.g. DC-2 and DC-3) with finer details from 

higher pooling layers (e.g. Pool 4 and Pool 3). In addition, the present architecture reduces the number 

of parameters in the FCN and enables it to accept variable input size images. 

 
Figure 46. Up-sampling (deconvolutional) layers fusing coarse and fine information 
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remaining parts for training, as shown in Figure 44. It is recommended in the literature to set the value 

for K between 5 and 10 for best representative results (Rodriguez et al. 2010).  

4.2.3. Training and Validation 

The training of the developed FCN was performed using a computer with Intel 6-Core 8th 

generation i-7 processor, 16GB of DDR4 memory, Solid State Drive (SSD), and Nvidia GeForce GTX 

1070 Max Q GPU with 8GB dedicated GPU memory. The training of the developed FCN was designed 

to execute repetitive iterations (epochs) of learning (forward) and back propagation (backward) passes 

until it achieves an average loss of 0.0055 or less. Every 10 epochs of the FCN training, a validation 

step was executed to test the network performance on a set of new images that were not used in the 

training process. The performance of the developed FCN (e.g. loss, average loss, and accuracy) was 

recorded to measure its progress in recognizing sidewalks in new images throughout the training 

duration. The FCN was set to use a fixed learning rate of 1 × 𝑒$%, process three image per iteration 

(batch size=3 to avoid out-of-memory errors), and learn to look for only two classes (sidewalk and 

background). The training process was completed in 6 hours and 38 minutes, in which the network 

performed 31,185 epochs and was able to minimize the average loss for the training and validation 

datasets to 0.005453 and 0.004802, as shown in the orange and grey curves in Figure 47, respectively. 

This reflects the consistency of the network throughout the training process. 

 
Figure 47. Prediction error (loss function) for training and validation datasets 
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4.2.4. Testing 

The trained FCN was tested using a testing dataset that includes new images that were not seen 

by the FCN during its training and validation step, as shown in Figure 44. This testing dataset of 100 

manually labeled images was used to determine (1) the network speed in predicting class labels for 

each pixel in input images, (2) the network accuracy in labeling the correct pixels with the correct labels 

for each class, and (3) the network overall accuracy for all classes. The methodology used to measure 

the accuracy of the network predictions is Intersection Over Union (IU) that calculates the intersection 

between prediction and ground truth (red) and divides it by the union of prediction and ground truth 

(all non-white pixels) (Long et al. 2015), as shown in Figure 48. The network was able to label all 

pixels in input images and classify them as either sidewalks or background in 13.51 seconds (average 

of 0.135 seconds per image) with an accuracy of 94.55% for sidewalks, 99.50% for background, and 

mean accuracy of 97.02 for both classes, as shown in Figure 48.  

 
Figure 48. Prediction accuracy of sidewalk segmentation  

4.2.5. Image Processing 

After labeling all pixels in input images, the developed FCN processes each input image to 

create another image that includes only sidewalk visual data by discarding all pixels that have been 

labeled as background in the previous step, as shown in Figure 49.  
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Figure 49. Processing input images to discard non-relevant pixels 

4.3. 3D Reconstruction Module 

The purpose of this module is to generate a dense 3D point cloud that represents the conditions, 

dimensions, and geometry of existing sidewalks using the masked images generated by the semantic 

segmentation module. To achieve this, the module focuses on (1) grouping input images into clusters 

based on their embedded GPS data, (2) creating a sparse 3D reconstruction based on input images, and 

(3) generating a dense point cloud based on the masked images, as shown in Figure 50.  

 
Figure 50. 3D Reconstruction module development steps 
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First, the present module reads the metadata of all input images to determine their GPS 

coordinates. It then analyzes these coordinates to group input images in clusters where each cluster 

includes images that focus on the same sidewalk. This clustering method helps divide the sparse 

reconstruction step into several smaller reconstruction processes that could be performed in parallel 

and require less processing time and computational power. 

Second, a structure from motion algorithm (SFM) is utilized to calculate camera locations and 

generate a sparse point cloud from all input images, as shown in Figure 50. The SFM algorithm 

identifies camera locations by (1) using scale-invariant feature transform (SIFT) algorithm to identify 

features in each input image, (2) comparing features found in each of the images with all other images 

in the same cluster to identify matching features, (3) calculating camera locations based on matched 

features, and (4) generating sparse point cloud based on the calculated camera locations and pixel data 

from input images (Schonberger and Frahm 2016; Wu 2011, 2013; Wu et al. 2011). 

Third, a multi-view stereo (MVS) algorithm is utilized to generate a dense point cloud based 

on the outputs of the first and second steps of this module. MVS generates additional points to represent 

objects and surfaces in the input images (Furukawa and Ponce 2010; Gong and Wang 2011). The 

present module utilizes the information in the sparse point cloud that was created in the previous step 

and the masked images that were generated by the image segmentation module to generate an accurate 

dense point cloud that only includes sidewalk visual data, as shown in Figure 50. The module then 

merges the generated dense point clouds of each cluster of images to create a single unified dense point 

cloud for the entire pedestrian network, as shown in Figure 50. 

4.4. Sidewalk Dimensions Module 

The purpose of the sidewalk dimensions module is to automate the extraction of sidewalk 

dimensions and geometry from the dense point cloud that was generated in the previous module. To 

achieve this, the module is designed to (1) fit a 3D surface to the dense point cloud, (2) establish 
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pedestrian travel path in relation to the fitted surface, (3) generate longitudinal and cross profiles based 

on the established pedestrian travel path, and (4) extract sidewalk dimensions and slopes from the 

generated sidewalk profiles, as shown in Figure 51.  

 
Figure 51. Sidewalk dimensions module development steps 
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sidewalks every 2 feet, as shown in Figure 51. This 2-feet interval can be customized by decision 
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Sidewalk Dimensions Module

Establish Pedestrian 
Travel Path

Extract Dimensions 
and Geometry

Fit 3D Mesh to Point 
Cloud

Create Longitudinal 
and Cross Sections

ID Width 
(m)

Cross 
Slope …

1 1.2 2% …

2 1.5 1.5% …

… … … …



 

 

 

100 

slope of the sidewalk along the direction of pedestrian travel), and cross slope (the slope of the sidewalk 

perpendicular to the direction of pedestrian travel), as shown in Figure 51. 

4.5. Case Study 

The purpose of this section is to analyze a real-life case study to illustrate the use of the 

developed framework and demonstrate its novel and practical capabilities. The case study required 

identifying and modeling the conditions, dimensions, and geometry of 830 meters of sidewalks which 

are required by the federally-mandated self-evaluations, as shown in Figure 52. 

 
Figure 52. Example sidewalk network for the case study 

For this case study, the required input data by the developed framework included a dataset of 

sidewalk images that were captured with a drone flying at altitudes of 65, 125, 250 feet while the camera 

angle is either 90 degrees (nadir) or 45 degrees. Each of the images has a resolution of 3000x4000 

pixels and is saved in RGB color space. These input images were analyzed by the developed framework 

to efficiently extract and model sidewalk conditions, dimensions, and geometry. The framework was 
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able to complete the semantic segmentation, 3D reconstruction, and sidewalk dimension modules for 

the entire case study in 327.5 minutes using a computer with Intel 6-Core 8th generation i-7 processor, 

16GB of DDR4 memory, Solid State Drive (SSD), and Nvidia GeForce GTX 1070 Max Q GPU with 

8GB dedicated GPU memory.  

The generated results of the framework for this case study illustrate its novel and practical 

contributions, including its ability to (1) provide a cost-effective and practical methodology for 

conducting self-evaluations using sidewalk images; (2) create 3D models of existing sidewalks that can 

be used in analyzing their conditions, as shown in Figure 53; and (3) automatically extract sidewalk 

dimensions and geometry from the generated 3D model. 

First, the framework was able to extract and model sidewalk dimensions and geometry for all 

sidewalks in the case study in 327.5 minutes including 0.25 labor hours. This overall time consists of 

12 minutes for setting up the drone and capturing all 602 images; 3 minutes for transferring image data 

from the drone to a computer; and 1.5, 301, and 13 minutes for the developed framework to identify 

sidewalk pixels in all 602 input images, reconstruct 3D point cloud of the sidewalk network, and extract 

sidewalk dimensions and geometry, respectively. The dimensions and geometry of the sidewalk 

network in this case study was manually measured on site to verify the results of the framework and 

evaluate its performance. The manual field measurement for this case study required 332 minutes (5.5 

hours) by two field inspectors (11 labor hours) and was able to generate only paper reports and 

checklists that require additional time and effort to store it in digital format and/or generate 3D models 

of the sidewalk network. The manually generated measurements of the sidewalk dimensions and 

geometry for this case study were identical to those generated by the developed framework, which 

confirms its accuracy and validity. Furthermore, these results confirm that the developed framework 

provides significant efficiency and cost-effectiveness improvements compared to traditional field 

measurement methods as it reduced the required labor hours from 11 to 0.25 (4400%).  
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Second, the developed framework was able to generate dense 3D point cloud that included 

more than 24 million points representing all sidewalks in the case study (see Figure 53) compared to 

the paper forms and checklists generated by the traditional field measurement methods. Third, the 

developed framework was able to automatically extract dimensions and geometry data of all sidewalks 

in the case study without the need for field inspectors based on the generated 3D model.  

 
Figure 53. Unified 3D model of all sidewalks in the case study 

4.6. Summary and conclusions 

This chapter presented the development of a novel framework for automating the extraction and 3D 

modeling of sidewalk conditions, dimensions, and geometry from sidewalk images. The framework 

was developed in three modules: (1) semantic segmentation module that used fully convolutional 

networks to identify sidewalk-related pixels in input images, (2) 3D reconstruction module that built 

3D point clouds of sidewalks, and (3) sidewalk dimensions module that fitted 3D surfaces to the 

reconstructed point clouds to automatically extract sidewalk dimensions and geometry. The primary 

contributions of this research to the body of knowledge are its original methodology for: (1) providing 

a cost-effective and practical framework for conducting self-evaluations using sidewalk images, (2) 

creating 3D models of existing sidewalks that can be used in analyzing their conditions, and (3) 

automatically extracting sidewalk dimensions and geometry from the generated 3D models. These 
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novel and practical capabilities should prove useful to decision makers in state and local governments 

and are expected to improve the efficiency and effectiveness of conducting the federally-mandated self-

evaluations. The scope of this chapter covers extracting the dimensions and geometry of one type of 

pedestrian facilities, sidewalks. Future research should be conducted to expand the proposed 

methodologies to address extracting dimensions and geometry of other types of pedestrian facilities. 
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CHAPTER 5 -  AUTOMATED NON-COMPLIANCE ASSESSMENT OF 
PEDESTRIAN FACILITIES  

5.1. Introduction 

This chapter presents the development of a novel model for automating the assessment of the 

degree of non-compliance of pedestrian facilities with accessibility requirements to enable public 

agencies to maximize their compliance with the ADA self-evaluation requirement. The model is 

designed to support decision makers in state and local governments in identifying non-compliant 

sidewalks and pedestrian facilities in their public right-of-way and evaluating the degree of non-

compliance of each of these facilities with accessibility requirements. The model provides the 

capabilities of (1) efficiently quantifying the degree of non-compliance of all types of pedestrian 

facilities in the public right-of-way with accessibility requirements including transit shelters, on-street 

parking spaces, and passenger loading zones; (2) generating a pedestrian type non-compliance index 

for each type of pedestrian facility to enable decision makers to rank these facility types based on their 

degree of non-compliance with accessibility requirements; and (3) identifying a region non-compliance 

index for a specific geographical region that represents the overall degree of non-compliance of all 

pedestrian facilities in that region to enable decision makers to prioritize future upgrade projects by 

comparing the degree of non-compliance of these regions. These novel and unique capabilities of the 

developed model are designed to support decision makers in improving their efficiency and 

effectiveness in conducting the aforementioned federally-mandated self-evaluations and in prioritizing 

their planned upgrade projects to maximize compliance with accessibility requirements. 

The model is developed in four main phases: (i) accessibility requirements analysis phase that 

identifies pedestrian facility types and their related accessibility requirements; (ii) non-compliance 

assessment phase that develops a Non-Compliance Index (NCI) to quantify the degree of non-

compliance of each type of pedestrian facility in the public right-of-way with accessibility 

requirements; (iii) collective non-compliance phase that aggregates the individual non-compliance 
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indices of  a group of pedestrian facilities based on their type and/or geographical location to enable 

their ranking and prioritization for upgrades; and (iv) performance evaluation phase that analyzes a case 

study to illustrate the use of the developed model and demonstrate its novel capabilities. The following 

sections provide a concise description of these four model development phases, as shown in Figure 54. 

 
Figure 54: Model development phases 

5.2. Accessibility Requirements Analysis 

The purpose of this phase is to analyze all accessibility requirements and identify all relevant 

metrics that represent the degree of non-compliance of pedestrian facilities with accessibility 

requirements. The degree of non-compliance of a specific pedestrian facility can be determined by 

comparing the existing conditions and measurements of that facility with accessibility requirements 

(El-Rayes et al. 2016). When a pedestrian facility (e.g. a curb ramp or sidewalk) does not meet the 

minimum accessibility requirements specified by state and federal laws and regulations, the pedestrian 

facility is considered non-compliant (U.S. Access Board 2011). This binary classification of pedestrian 

facilities as either compliant or non-compliant was reported to be ineffective for assessing the degree 

of non-compliance of sidewalks and pedestrian facilities (CCRPC 2016; City of Clayton 2014). The 
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cause of non-compliance for these non-compliant facilities can be due to major or minor deviations 

from the minimum accessibility requirements. While major deviations from accessibility requirements 

often render facilities to be fully inaccessible, minor deviations often enable facilities to be partially 

accessible. For example, a 2.0 feet wide and a 3.5 wide sidewalks are both classified as non-compliant 

because their width is less than the required 4.0 feet minimum width. In this example however, the 2.0 

feet wide sidewalk is fully inaccessible while the 3.5 feet wide sidewalk can provide partial accessibility 

for pedestrians travelling in one direction (PROWAAC 2007).  

To overcome the limitation of the aforementioned binary classification of compliant or non-

compliant, the present model is designed to distinguish between varying degrees of non-compliance by 

developing a novel non-compliance index (NCI). NCI represents the degree of non-compliance for 

pedestrian facilities using a scale that ranges from 0.0% for fully compliant facilities to 100.0% for 

fully non-compliant. NCI of a given pedestrian facility is calculated in the present model by identifying 

the degree of deviation between its existing conditions, measurements, and geometry and its specified 

accessibility requirements. The model is designed to calculate NCI for all pedestrian facility types 

including (1) sidewalks, (2) curb ramps, (3) crosswalks, (4) pedestrian signals, (5) refuge islands, (6) 

transit stops, (7) on-street parking spaces, and (8) passenger loading zones (U.S. Access Board 2011). 

Each of these pedestrian facility types has accessibility requirements that must be satisfied in order to 

achieve compliance with accessibility laws and regulations, as shown in Figure 55. 
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Figure 55: Accessibility requirements for pedestrian facility types 

5.3. Non-Compliance Assessment 

The purpose of this phase is to develop a novel non-compliance index 𝑁𝐶𝐼)
* that represents the 

degree of non-compliance of each pedestrian facility type	𝑝 with accessibility requirements, as shown 

in equation (1). 

 𝑁𝐶𝐼)
* =.𝑊0

* × 𝑆),0
*

3

045

 (1) 
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Where, 𝑁𝐶𝐼)
*is non-compliance index for pedestrian facility of type	𝑝 that is located in 

geographical location 𝑖, 𝑝 is pedestrian facility type (see Figure 55), 𝑖 is geographical location of 

pedestrian facility, 𝑟 is accessibility requirement for each pedestrian facility type	𝑝 (see Figure 55),	𝑅 

is total number of accessibility requirements for pedestrian facility type	𝑝 (see Figure 55), 𝑊0
* is 

relative importance weight of accessibility requirement	𝑟 for pedestrian facility type	𝑝, and 𝑆0,)
*  is non-

compliance score of pedestrian facility type	𝑝 with accessibility requirement 𝑟 in geographical location 

𝑖. 

The non-compliance index 𝑁𝐶𝐼* for each pedestrian facility type 𝑝 represents the weighted 

average of non-compliance scores including all its accessibility requirements. For example, the non-

compliance index for the sidewalk in location 𝑖 (𝑁𝐶𝐼)5) is determined by calculating the weighted 

average of non-compliance scores of all the sidewalk accessibility requirements (𝑟 = 1	𝑡𝑜	5) including 

its width, running slope, cross slope, surface discontinuities, and protruding objects (U.S. Access Board 

2011). 𝑁𝐶𝐼)5 is calculated using equation (1) based on the weight of each accessibility requirement 𝑊05 

and its non-compliance score 𝑆0,)5 . These weights 𝑊0
* can be specified by decision makers to reflect the 

relative importance of each accessibility requirement 𝑟 (see example in Table 10), and the non-

compliance score 𝑆0,)5  can be determined based on the existing condition of the sidewalk and the 

specified ranges shown in Table 10. Similarly, a list of accessibility requirements and their non-

compliance score ranges were developed for each of the remaining pedestrian facility types in Figure 

55 (𝑝 = 2	𝑡𝑜	8), as shown in appendix C.  
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Table 10: Example Weights and Non-Compliance Scores for Sidewalk Requirements  

Sidewalk 
Requirement  

𝒓 Weights
(𝑾𝒓

𝟏)% 
Range of Existing Conditions Non-Compliance 

Score (𝑺𝒊,𝒓𝟏 )% 
Width 1 20 𝑊𝑖𝑑𝑡ℎ < 3.00	𝑓𝑒𝑒𝑡 100 

3.00 ≤ 𝑊𝑖𝑑𝑡ℎ < 3.5	𝑓𝑒𝑒𝑡 80 
3.25 ≤ 𝑊𝑖𝑑𝑡ℎ < 3.5	𝑓𝑒𝑒𝑡 60 
3.5 ≤ 𝑊𝑖𝑑𝑡ℎ < 3.75	𝑓𝑒𝑒𝑡 40 
3.75 ≤ 𝑊𝑖𝑑𝑡ℎ < 4.00	𝑓𝑒𝑒𝑡 20 

𝑊𝑖𝑑𝑡ℎ ≥ 4.00	𝑓𝑒𝑒𝑡 0 
Running Slope 2 20 𝑅𝑢𝑛𝑛𝑖𝑛𝑔	𝑆𝑙𝑜𝑝𝑒 > 12.5% 100 

12.5% ≥ 𝑅𝑢𝑛𝑛𝑖𝑛𝑔	𝑆𝑙𝑜𝑝𝑒 > 10% 50 
10% ≥ 𝑅𝑢𝑛𝑛𝑖𝑛𝑔	𝑆𝑙𝑜𝑝𝑒 > 8.33% 10 
8.33% ≥ 𝑅𝑢𝑛𝑛𝑖𝑛𝑔	𝑆𝑙𝑜𝑝𝑒 > 5% 5 

𝑅𝑢𝑛𝑛𝑖𝑛𝑔	𝑆𝑙𝑜𝑝𝑒 ≤ 5% 0 
Cross Slope 3 20 𝐶𝑟𝑜𝑠𝑠	𝑆𝑙𝑜𝑝𝑒 > 8% 100 

8% ≥ 𝐶𝑟𝑜𝑠𝑠	𝑆𝑙𝑜𝑝𝑒 > 6% 50 
6% ≥ 𝐶𝑟𝑜𝑠𝑠	𝑆𝑙𝑜𝑝𝑒 > 4% 25 
4% ≥ 𝐶𝑟𝑜𝑠𝑠	𝑆𝑙𝑜𝑝𝑒 > 2% 5 

𝐶𝑟𝑜𝑠𝑠	𝑆𝑙𝑜𝑝𝑒 ≤ 2% 0 
Surface 

Discontinuities 
4 20 𝑉𝑒𝑟𝑡𝑖𝑐𝑎𝑙	𝐶ℎ𝑎𝑛𝑔𝑒	𝑖𝑛	𝐿𝑒𝑣𝑒𝑙 > 1.0" 100 

1.0" ≥ 𝑉𝑒𝑟𝑡𝑖𝑐𝑎𝑙	𝐶ℎ𝑎𝑛𝑔𝑒	𝑖𝑛	𝐿𝑒𝑣𝑒𝑙 > 0.75" 80 
0.75" ≥ 	𝑉𝑒𝑟𝑡𝑖𝑐𝑎𝑙	𝐶ℎ𝑎𝑛𝑔𝑒	𝑖𝑛	𝐿𝑒𝑣𝑒𝑙 > 0.5" 25 
0.5" ≥ 	𝑉𝑒𝑟𝑡𝑖𝑐𝑎𝑙	𝐶ℎ𝑎𝑛𝑔𝑒	𝑖𝑛	𝐿𝑒𝑣𝑒𝑙 > 0.25" 5 
0.5≥	Change	in	Level>0.25, 𝐵𝑒𝑣𝑒𝑙𝑒𝑑	 0 
𝑉𝑒𝑟𝑡𝑖𝑐𝑎𝑙	𝐶ℎ𝑎𝑛𝑔𝑒	𝑖𝑛	𝐿𝑒𝑣𝑒𝑙 ≤ 0.25" 0 

Protruding 
Objects 

5 20 𝑃𝑟𝑜𝑡𝑟𝑢𝑠𝑖𝑜𝑛	𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 > 7" 100 
7" ≥ 	𝑃𝑟𝑜𝑡𝑟𝑢𝑠𝑖𝑜𝑛	𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 > 5" 50 
5≥	𝑃𝑟𝑜𝑡𝑟𝑢𝑠𝑖𝑜𝑛	𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒	>4" 5 
𝑃𝑟𝑜𝑡𝑟𝑢𝑠𝑖𝑜𝑛	𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒	≤4" 0 

 
The non-compliance score 𝑆0,)

*  is calculated in the present model to represent the degree of non-

compliance of pedestrian facility 𝑝 in location	𝑖 with accessibility requirement	𝑟.  Compliance with the 

aforementioned accessibility requirements can to be verified using a wide range of techniques 

depending on the type of facility and its accessibility requirements. For example, the width requirement 

of the sidewalk needs to be verified by using continuous measurement of the sidewalk width along its 

entire length (U.S. Department of Justice 1994). On the other hand, the protrusion distance requirement 

of sidewalks needs to be verified by taking measurements of each protruding object along the length of 

the sidewalk (U.S. Access Board 2011). All these possible non-compliance verification techniques are 
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organized in the present model in four main categories: (1) continuous verification, (2) discrete 

verification, (3) single verification, and (4) presence verification, as shown in Table 11. These four 

categories of verification techniques are used to (a) classify the aforementioned accessibility 

requirements of all pedestrian facilities into four categories as shown in Figure 55; and (b) calculate the 

non-compliance score 𝑆0,)
*  for each of these accessibility requirement categories as described in the 

following sections.  

Table 11: Compliance Verification Techniques for Pedestrian Facilities 

Compliance 
Verification Technique 

Description Example  

Continuous 
Verification 

Collecting continuous measurements 
along the entire length of pedestrian 
facility. 

Sidewalk Width 

Discrete Verification Conducting discrete measurements along 
the length of pedestrian facility. 

Protruding Objects 

Single Verification Taking single measurement for the entire 
pedestrian facility. 

Curb Ramp Width 

Presence Verification Verifying if the required features such as 
detectable warning surface is present, 
non-standard, or missing. 

Detectable Warning 
Surfaces 

 
5.3.1. Continuous verification  

This compliance verification category requires collecting continuous measurements along the 

entire length of pedestrian facility to calculate its non-compliance score	𝑆),0
* . As shown in equation (2), 

𝑆),0
*  is calculated in this category by dividing the pedestrian facility into several segments, determining 

non-compliance score 𝑆),0,k
*  for each segment	𝑎, and calculating the average of these scores to find 𝑆),0

*  

for the entire pedestrian facility. For example, the non-compliance score 	𝑆),55  for the sidewalk width 

located in geographical location 𝑖 is calculated by (i) dividing the entire length of the sidewalk into 

several segments 𝑎 ∈ (1, 2, 3, … , 𝐴)5) based on their width, as shown in Figure 56; (ii) determining the 

sidewalk width non-compliance score 	𝑆),5,k5  of each segment 𝑎 based on its minimum width (𝑤𝑖𝑑𝑡ℎk) 

and scoring criteria (see example in  ); and (iii) calculating an average 	𝑆),55  for the entire sidewalk. 
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 𝑆),0
* =

∑ q 𝐿k
𝐵𝐿)

* × 𝑆),0,k
* rst

u

k45

𝐴)
*  (2) 

Where, 𝑆),0
*  is non-compliance score for the requirement 𝑟 of pedestrian facility located in 

geographical location 𝑖, 𝑎 is segment of pedestrian facility,	𝐴)
* is total number of segments in pedestrian 

facility of type 𝑝 located in geographical location 𝑖, 𝐿k is length of segment 𝑎 of the pedestrian 

facility,	𝐵𝐿)
* is total length of pedestrian facility, and 𝑆),0,k

*  is non-compliance score of segment 𝑎 of the 

pedestrian facility.	

 
Figure 56: Continuous verification along the entire sidewalk length 

5.3.2. Discrete verification 

This compliance verification category requires conducting discrete measurements along the 

entire length of pedestrian facility to calculate its non-compliance score	𝑆),0
* . As shown in equation (3), 

𝑆),0
*  is calculated in this category by identifying points 𝑏 ∈ (1, 2, 3, … , 𝐵)

*) where a change in specific 

pedestrian facility dimensions occur, assigning a non-compliance score to each of these points based 

on its dimensions, and calculating the average of these scores to find 𝑆),0
*  for the entire pedestrian 

facility. For example, sidewalk surface discontinuity non-compliance score 	𝑆),w5  for a sidewalk in 

location 𝑖 is calculated by (i) identifying surface discontinuities 𝑏 ∈ (1, 2, 3, … , 𝐵)5) in sidewalk, as 

shown in Figure 57; (ii) determining a non-compliance score 	𝑆),w,x5  for each surface discontinuity based 

𝐿kyz 𝐿ky{ 𝐿ky⋯ 

𝑤𝑖𝑑𝑡ℎk 

𝐿ky5 𝐿k 

𝑆),0,k
*  

𝑤𝑖𝑑𝑡ℎky5 

𝑆),0,ky5
*  

𝑤𝑖𝑑𝑡ℎkyz 

𝑆),0,kyz
*  

𝑤𝑖𝑑𝑡ℎky{ 

𝑆),0,ky{
*  

𝑤𝑖𝑑𝑡ℎky⋯ 

𝑆),0,ky⋯
*  𝑆𝑡𝑟𝑒𝑒𝑡 

𝑆𝑖𝑑𝑒𝑤𝑎𝑙𝑘 
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on its vertical change in level 𝑆𝐷x and scoring criteria (see example in  ); and (iii) calculating an average 

sidewalk surface discontinuity non-compliance score 	𝑆),w5  for the entire sidewalk. 

 𝑆),0
* =

∑ ~𝑆),0,x
* ��t

u

x45

𝐵)
* ×

𝑁),0
*

𝑁0,�k�
*  (3) 

Where, 𝑆),0
*  is non-compliance index for requirement 𝑟 of pedestrian facility located in 

geographical location 𝑖, 𝑏 is a point where a change in the pedestrian facility dimension is recorded, 𝐵)
* 

is total number of points 𝑏 where a change in the pedestrian facility dimension is recorded,	𝑆),0,x
*  is non-

accessibility score of requirement 𝑟 of point 𝑏 in pedestrian facility, 𝑁),0
*  is number of points 𝑏 per linear 

foot in pedestrian facility, and 𝑁0,�k�5  is the maximum number of points 𝑏 per linear foot for all 

pedestrian facilities of type 𝑝 in the city. 

 
Figure 57: Longitudinal section of sidewalk showing surface discontinuities 𝑆𝐷x 

5.3.3. Single verification 

This compliance verification category requires conducting single measurements at each 

pedestrian facility to identify its non-compliance score	𝑆),0
*  by evaluating the compliance of its existing 

conditions with accessibility requirement	𝑟, as shown in the curb ramp cross slope example in Table 

12.  

𝑆𝐷x ≤ 0.25" 𝑆𝐷xy5 ≤ 0.25" 𝑆𝐷xyz > 0.50" 0.25 ≤ 𝑆𝐷xy⋯ ≤ 0.50" 

𝑆),0,x
*  𝑆),0,xy5

*  𝑆),0,xyz
*  𝑆),0,xy⋯

*  
𝐵𝐿)

* 
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Table 12: Example Non-Compliance Scores for Curb Ramp Cross Slope (CCRPC 2016) 

Curb Ramp Cross Slope Non-Compliance 
Score	𝑺𝒊,𝟑𝟐  (%) 

𝑪𝒓𝒐𝒔𝒔	𝑺𝒍𝒐𝒑𝒆 > 𝟏𝟎% 100 
𝟏𝟎% ≥ 𝑪𝒓𝒐𝒔𝒔	𝑺𝒍𝒐𝒑𝒆 > 𝟖% 80 
𝟖% ≥ 𝑪𝒓𝒐𝒔𝒔	𝑺𝒍𝒐𝒑𝒆 > 𝟔% 60 
𝟔% ≥ 𝑪𝒓𝒐𝒔𝒔	𝑺𝒍𝒐𝒑𝒆 > 𝟒% 40 
𝟒% ≥ 𝑪𝒓𝒐𝒔𝒔	𝑺𝒍𝒐𝒑𝒆 > 𝟐% 20 

𝐶𝑟𝑜𝑠𝑠	𝑺𝒍𝒐𝒑𝒆 < 𝟐% 0 
 
5.3.4. Presence verification 

This compliance verification category requires verifying if the required feature is present, non-

standard, or missing to identify its non-compliance score	𝑆),0
*  by evaluating the compliance of its 

existing condition with accessibility requirement	𝑟, as shown in the curb ramp detectable warning 

surface example in Table 13. 

Table 13: Example Non-Compliance Scores for Curb Ramp Detectable Warning Surfaces 

Curb Ramp DWS Non-Compliance 
Score	𝑺𝒊,𝟓𝟐  (%) 

Missing 100 
Non-Standard 50 

Present 0 
 
5.4. Collective Non-Compliance 

The purpose of this phase is to aggregate the previously calculated individual non-compliance 

indices 𝑁𝐶𝐼)
* of a group of pedestrian facilities based on their type 𝑝 and/or geographical region 𝑔  to 

enable their ranking and prioritization for upgrades. The two collective non-compliance indices 

calculated in this phase are (a) pedestrian facility type non-compliance index	𝑁𝐶𝐼*, and (b) region non-

compliance index	𝑁𝐶𝐼� . First, pedestrian facility type non-compliance index	𝑁𝐶𝐼* is calculated in the 

present model by averaging all the previously calculated individual non-compliance indices 𝑁𝐶𝐼)
* for 

each pedestrian facility type	𝑝. Second, region non-compliance index	𝑁𝐶𝐼� is calculated by (1) 

computing pedestrian facility type non-compliance indices	𝑁𝐶𝐼*,� for the subset of all pedestrian 
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facility types	𝑝 that are located in the user-specified geographical region	𝑔; and (2) computing a 

weighted average of all 𝑁𝐶𝐼*,� calculated in the previous step to identify a collective region non-

compliance index	𝑁𝐶𝐼� , as shown in equation (4). 

 𝑁𝐶𝐼� = .𝑁𝐶𝐼*,� ×
�

*45

𝑊* (4) 

Where, 𝑁𝐶𝐼�  is collective non-compliance index for all pedestrian facilities in region 𝑔,	 

𝑁𝐶𝐼*,�is collective non-compliance index for all pedestrian facilities of  type	𝑝 in the region 𝑔, and 

𝑊* is relative importance weight of pedestrian facility type 𝑝. 

5.5. Performance Evaluation Phase 

The purpose of this phase is to analyze a case study to illustrate the use of the model and 

demonstrate its novel and unique capabilities. The case study requires assessing the degree of non-

compliance of 1327 pedestrian facilities in a small town that includes all pedestrian facility types, as 

shown in Table 14. Decision makers need to assess the degree of non-compliance of these pedestrian 

facilities in order to comply with the federal mandate to conduct self-evaluations and prioritize these 

facilities for future upgrade projects. 

Table 14: Pedestrian Facilities in the Case Study 

𝑝 Pedestrian Facility Type Number of Facilities 
in the Case Study 

1 Sidewalks 864 
2 Curb Ramps 384 
3 Crosswalks 32 
4 Pedestrian Signals 16 
5 Refuge Islands 14 
6 Transit Stops 10 
7 On-Street Parking 4 
8 Passenger Loading Zones 3 
 Total 1327 
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For this case study, the required input data by the model include (1) dimensions and slopes of 

all sidewalks and pedestrian facilities that are readily available in most municipalities sidewalk network 

inventory databases (CCRPC 2016; City of Bellevue 2008; City of Clayton 2014); and (2) the 

geographical regions that decision makers need to calculate their collective non-compliance index 

𝑁𝐶𝐼� . The model utilizes this input data to calculate, (1) the non-compliance index 𝑁𝐶𝐼)
* for each of 

the 1327 pedestrian facilities in this case study; (2) the collective non-compliance index 𝑁𝐶𝐼*  for each 

pedestrian facility type 𝑝; (3) the collective non-compliance index 𝑁𝐶𝐼�  for each user specified region 

𝑔 in the case study using the aforementioned calculation procedure.  

The generated results for this case study illustrate the novel and unique capabilities of model 

that can be used by decision makers to (a) efficiently quantify the degree of non-compliance of all types 

of pedestrian facilities including transit shelters, on-street parking spaces, and passenger loading zones; 

(b) assess the degree of non-compliance of each pedestrian facility type to identify facility types that 

are in urgent need for upgrades; (c) prioritize pedestrian facilities upgrade projects in multiple regions 

based on their region non-compliance index; and (d) classify pedestrian facilities based on the severity 

of their non-compliance with accessibility requirements. 

The capability of the present model to efficiently quantify the degree of non-compliance of 

pedestrian facilities can be illustrated by its ability to (a) analyze all types of pedestrian facilities (see 

Figure 54) including transit shelters, on-street parking spaces, and passenger loading zones using the 

aforementioned novel assessment methodology; and (b) complete the computational assessment of all 

the aforementioned 1327 pedestrian facilities in 2.053 seconds with an average computational time of 

0.0015 seconds per pedestrian facility. This computational efficiency enables the model to perform 

compliance assessments for all types of pedestrian facilities for large datasets that are often encountered 

in larger cities. For example, the accessibility requirements for 48,334 pedestrian facilities that are 
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included in a  dataset for a city with a population of 204,897 residents (CCRPC 2016) can be assessed 

using the present model in approximately 75 seconds.  

The model also provides the capability of assessing the collective degree of non-compliance 

for each pedestrian facility type to enable decision makers to prioritize the upgrade of these different 

types of facilities. For example, the case study results illustrate that on-street parking spaces suffer from 

the highest level of non-compliance and therefore they have the greatest need for upgrades as shown in 

Figure 58. In addition, the model calculates the ranges of non-compliance for each pedestrian facility 

type to highlight the deviation of individual facilities form the collective index. For example, the results 

indicate that pedestrian signals exhibit varying degrees of non-compliance ranging from 0.0% to 82.5%, 

while sidewalks exhibit a narrower range of 0.0% to 33.8% (see Figure 58). 

 
Figure 58: Non-compliance indices for all pedestrian facility types 

The model can also be used to prioritize pedestrian facilities upgrade projects in multiple 

geographical regions based on their non-compliance index. This enables decision makers to rank 

upgrade projects based on the overall non-compliance in each region. For example, the second region 

in this case study has the highest non-compliance index of 39.1% and therefore it has the greatest need 
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for upgrade, as shown in Figure 59. This region contains 59 pedestrian facilities including 37 sidewalks, 

15 curb ramps, 2 crosswalk, 1 pedestrian signal, 1 refuge island, 1 transit stop, 1 on street parking, and 

1 passenger loading zone.  

 
Figure 59: Region non-compliance indices of regions in the case study 

Furthermore, the model enables decision makers to classify pedestrian facilities based on the 

severity of their non-compliance with accessibility requirements. This capability assists decision 

makers in state and local governments in evaluating and visualizing general conditions of each 

pedestrian facility type and determining the urgency of its upgrade. For example, the results of the case 

study indicate that 174 curb ramps are severely non-complying with accessibility requirements, as 

shown in Figure 60. The model also enables decision makers to classify all pedestrian facilities in the 

case study regardless of their type. For example, the total numbers of complying, mildly non-

complying, and severely non-complying pedestrian facilities in the case study are 103, 998, and 226, 

respectively (see Figure 61).  
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Figure 60: Classification of pedestrian facilities in each type 

 
Figure 61: Classification of pedestrian facilities based on their degree of non-compliance 

5.6. Summary 

This chapter presented a novel model for automating the assessment of the degree of non-

compliance of pedestrian facilities with accessibility requirements. The model was developed in four 

main phases: (1) accessibility requirements analysis phase that identifies pedestrian facility types and 

their related accessibility requirements, (2) non-compliance assessment phase that quantified the degree 

of non-compliance of each pedestrian facility with accessibility requirements; (3) collective non-
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compliance phase that aggregated the individual non-compliance indices of  a group of pedestrian 

facilities based on their type and/or geographical region; and (4) performance evaluation phase that 

analyzed a case study to illustrate the use of the developed model and demonstrate its novel capabilities. 

The analysis of the case study illustrated the novel capabilities of the model in (a) efficiently quantifying 

the degree of non-compliance of all types of pedestrian facilities including transit shelters, on-street 

parking spaces, and passenger loading zones; (b) assessing the degree of non-compliance of each 

pedestrian facility type to identify facility types that are in urgent need for upgrades; (c) prioritizing 

pedestrian facilities upgrade projects in multiple regions based on their non-compliance index; and (d) 

classifying pedestrian facilities based on the severity of their non-compliance with accessibility 

requirements. The model was able to assess the degree of non-compliance with accessibility 

requirements for 1327 pedestrian facilities that cover all pedestrian facility types and calculate 

pedestrian facility type 𝑁𝐶𝐼* and region	𝑁𝐶𝐼� .  
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CHAPTER 6 -  OPTIMIZING THE SCHEDULING OF SIDEWALK 
UPGRADE PROJECTS 

6.1. Introduction 

This chapter presents the development of a novel multi-objective optimization model for 

scheduling pedestrian facilities upgrade projects that is capable of generating optimal trade-offs among 

the three main objectives of (1) minimizing the total number of interrupted/canceled pedestrian trips 

due to non-compliance with accessibility requirements, (2) minimizing total upgrade duration, and (3) 

minimizing annual upgrade budgets. The model is also designed to support decision makers in (a) 

quantifying the impact of upgrading non-compliant pedestrian facilities on people with disabilities, (b) 

generating detailed optimal schedules for upgrading non-compliant pedestrian facilities to satisfy ADA 

transition plan requirements, and (c) generating visualizations, illustrations, and maps to facilitate the 

analysis and use of the optimization results. 

The model is developed in four phases: (1) upgrade-impact quantification phase that analyzes 

and quantifies the impact of upgrading non-compliant pedestrian facilities on people with disabilities; 

(2) model formulation phase that identifies all relevant decision variables that affect this optimization 

problem and formulates the aforementioned three optimization objective functions and their relevant 

constraints; (3) model implementation phase that performs the optimization computations and specifies 

the model input and output data; and (4) case study phase that analyzes the performance of the 

optimization model using a case study of a city that includes 7193 pedestrian facilities, as shown in 

Figure 62. 
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Figure 62. Model development phases 

6.2. Upgrade-Impact Quantification 

The purpose of this phase is to quantify the impact of upgrading non-compliant pedestrian 

facilities on people with disabilities. To achieve this purpose, three novel metrics were developed for 

each pedestrian facility to measure and quantify its (1) daily interrupted pedestrian trips, (2) overall 
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upgrade duration, and (3) overall upgrade cost, as shown in Figure 63. The following sections concisely 

describe the development and calculation of these metrics. 

 
Figure 63. Upgrade-impact quantification and novel metrics 

6.2.1. Daily Interrupted Pedestrian Trips (𝑫𝑰𝑷𝑻𝒊) 

Daily Interrupted Pedestrian Trips (𝐷𝐼𝑃𝑇)) represents the expected number of pedestrian trips 

that are interrupted/canceled at each pedestrian facility (𝑖) every day due to non-compliance with 

accessibility requirements. This novel metric is designed to consider all relevant factors including (1) 

total expected pedestrian travel demand at each pedestrian facility (𝑇𝑃𝑇)), (2) percentages of population 

with different types of disabilities in the city (𝑃�), and (3) compliance of pedestrian facilities with 

accessibility requirements (𝐶𝑜),0�), as shown in Equation (5).  

 𝐷𝐼𝑃𝑇) =
𝑇𝑃𝑇) × ∑ �𝑃� × ~1 − ∏ 𝐶𝑜),03�

0�45 ��{
�45

365 	 (5)	

Novel Metrics

Pedestrian Facilities Inventory

Pedestrian Facilities 
Physical Conditions

Pedestrian Facilities 
Geographic Location

Population Data

Trip 
Generators

Population 
Demographics

OR

Input Data for Traffic Demand Models

Activity-Based Traffic 
Demand Models

Traditional 4-Steps Traffic 
Demand Models

Required Upgrades for 
Pedestrian Facility !

Construction Duration for 
Pedestrian Facility !

Construction Cost for 
Pedestrian Facility !

Temporary Accessible Route 
Cost for Pedestrian Facility !

"#"$

%&$

%%$

"'%$

Total Annual Pedestrian Trips 
for Each Pedestrian Facility !

Daily Interrupted Pedestrian 
Trips at Pedestrian Facility !&(#"$

Planning

Pre-Scheduled Road 
Resurfacing Projects

Cost Savings by Coordination 
with Existing Resurfacing 
Projects for Pedestrian Facility !

%)$

#* Distribution of People with 
Different Types of Disabilities

%+$,-* Compliance Data of 
Pedestrian Facility !

./"$ Availability of Alternate 
Pedestrian Access Route

)0$ Start and Finish Dates  of 
Road Resurfacing Projects 10$

Overall Upgrade Cost for 
Pedestrian Facility !2%$Temporary Accessible Route 

Duration for Pedestrian Facility !"'&$

Overall Upgrade Duration for 
Pedestrian Facility !2&$



 

 

 

123 

𝑑 = �
1:	𝑊ℎ𝑒𝑒𝑙𝑐ℎ𝑎𝑖𝑟	𝑈𝑠𝑒𝑟𝑠																															
2:	𝐶𝑟𝑢𝑡𝑐ℎ	𝑈𝑠𝑒𝑟𝑠																																									
		3:	𝐵𝑙𝑖𝑛𝑑	𝑎𝑛𝑑	𝐿𝑜𝑤	𝑉𝑖𝑠𝑖𝑜𝑛	𝑃𝑒𝑑𝑒𝑠𝑡𝑟𝑖𝑎𝑛𝑠

	

Where, 
𝐷𝐼𝑃𝑇) = daily interrupted/canceled pedestrian trips at pedestrian facility 𝑖; 
𝑇𝑃𝑇)  = estimated annual pedestrian trips at pedestrian facility 𝑖 (i.e., expected travel 

demand); 
𝑑  = type of disability; 
𝑃�  = percentage of population with disability of type 𝑑; 
𝑟𝑑  = accessibility requirement 𝑟 that is required by pedestrians with disability type 𝑑; 
𝑅𝑑  = total number of accessibility requirements 𝑅 that are required by pedestrians with 

disability type 𝑑; and 
𝐶𝑜),0 = a binary value that represents compliance of pedestrian facility 𝑖 with accessibility 

requirement 𝑟, equals 1 if compliant and 0 if non-compliant. 
 

Decision makers can estimate expected travel demand (𝑇𝑃𝑇)) at each pedestrian facility (𝑖) 

using any of the existing pedestrian travel demand models that usually fall under one of two categories: 

traditional four-step models and activity-based models (Clifton et al. 2016; Davidson et al. 2007; Davis 

et al. 1988; Hankey et al. 2017; Ryus et al. 2014, 2017; Sanders et al. 2017; Schwartz et al. 1999). 

Models in both categories focus on estimating pedestrian travel demand at specific points in pedestrian 

networks based on land use, availability of pedestrian traffic generators, path selection, demographic 

aspects, and economic analysis of cities and local areas. Distribution of people with different types of 

disabilities in the city (𝑃�) can be found in the United States Census Bureau publications and 

supplemented by information from local sources to improve accuracy (U.S. Census Bureau 2012). 

Compliance of pedestrian facilities with accessibility requirements (𝐶𝑜),0) is readily available in 

sidewalk inventory data that are created and maintained by state and local governments as part of their 

self-evaluations that are required by accessibility laws and regulations (U.S. Department of Justice 

2010a).  

To calculate the number of pedestrian trips that are interrupted/canceled at each pedestrian 

facility (𝑖), the present model integrates a novel methodology to identify the accessibility requirements 
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(𝑟) that address the specific needs of people with varying types of disabilities (𝑑). The developed 

methodology classifies people with disabilities based on their ability to use sidewalks and pedestrian 

facilities in three main types: (1) wheelchair users, (2) crutches users, and (3) blind/low vision 

pedestrians. A comprehensive analysis was conducted to determine the specific accessibility 

requirements (𝑟) that are needed by people with these three types of disabilities (𝑑), as shown in Table 

15. The outcome of this analysis is combined with the earlier described compliance with accessibility 

requirements (𝐶𝑜),0) to determine the percentage of population that is denied access at each non-

compliant pedestrian facility (𝑖), as shown in Equation (5). An example of a non-compliant sidewalk is 

used to illustrate how the model identifies the percentage of population that is denied access due to the 

non-compliance of that sidewalk. The example sidewalk (𝑖 = 43) is used by an estimated 15,780 

pedestrian trips annually (𝑇𝑃𝑇w{ = 15,780) and is located in a city with 5% wheelchair users, 3% 

crutch users, and 4% blind/low visibility pedestrians (𝑃5 = 0.05, 𝑃z = 0.03, 𝑃{ = 0.04), as shown in 

Figure 64 (a). This sidewalk is compliant with all accessibility requirements except the ADA vertical 

fault requirement (𝐶𝑜w{,w = 0), as shown in Figure 64 (b). Based on this information and the data in 

Table 15, the present methodology identifies that this sidewalk will deny access to wheelchair users 

(𝑑 = 1)  and crutches users (𝑑 = 2) while other pedestrians will be able to use it normally. Accordingly, 

the model estimates the total annual pedestrian trips interrupted by this non-compliant sidewalk to be 

(1,263	𝑡𝑟𝑖𝑝𝑠) which represents the summation of the interrupted trips for wheelchair users 

(0.05 × 15780 = 789	𝑡𝑟𝑖𝑝𝑠) and crutches users (0.03 × 15780 = 474	𝑡𝑟𝑖𝑝𝑠), as shown in in Figure 

64 (c). 
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Figure 64. Example calculation of daily interrupted pedestrian trips (𝐷𝐼𝑃𝑇w{) 

Table 15: Accessibility Requirements and Types of Disabilities 

Pedestrian Facility 
(𝑖) 

Accessibility 
Requirements 
(𝑟) 

Types of Disabilities (𝑑) 
Wheelchair 
Users 
(𝑑 = 1) 

Crutches 
Users 
(𝑑 = 2) 

Blind & Low 
Vision 
(𝑑=3) 

Sidewalks Width ✔ 
  

Running Slope ✔ ✔ 
 

Cross Slope ✔ ✔ ✔ 

Vertical Fault ✔ ✔ 
 

Protruding Objects ✔ ✔ ✔ 

Curb Ramps Width ✔ 
  

Running Slope ✔ ✔ 
 

Cross Slope ✔ ✔ ✔ 

DWS 
  

✔ 

Clear Space ✔ ✔ ✔ 

Crosswalks Width ✔ 
  

Cross Slope ✔ ✔ ✔ 

Pedestrian Signals Push Button ✔ ✔ ✔ 

Locator Tone 
  

✔ 

Clear Space ✔ 
 

✔ 

Refuge Islands Width ✔ 
  

Running Slope ✔ ✔ 
 

Cross Slope ✔ ✔ ✔ 

DWS 
  

✔ 

Vertical Fault ✔ ✔ ✔ 

Non-Interrupted 
Trips for People 

with No Disabilities
14,517 Wheelchair 

Users
789

Crutches 
Users
474

Interrupted Trips
1,263

c) Daily Interrupted Pedestrian Trips of Sidewalk (i=43)

!"#$%	'(()$%	*+,+-#./$(	!./0-
(!*!23) = 15,780

<(#+..)0#+,	'(()$%	*+,+-#./$(	!./0- (<*!23) = 789 + 474 = 1,263

C.)#Dℎ+-	F-+.-
<(#+..)0#+,	!./0-
0.03×15,780 = 474

Iℎ++%Dℎ$/.	F-+.-
<(#+..)0#+,	!./0-
0.05×15,780 = 789

J$/%K	<(#+..)0#+,	*+,+-#./$(	!./0- (J<*!23) =
1,263
365

= L. MN

Vertical Fault > 
13mm (0.5 Inch)

b) Non-Compliant Sidewalk (OPML,M = Q)

Wheelchair Users
5.0%

Crutches Users
3.0%

Blind/Low Vision Pedestrians
4.0%

a) People with Different Types of Disabilities
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Table 15 cont. 

Pedestrian Facility 
(𝑖) 

Accessibility 
Requirements 
(𝑟) 

Types of Disabilities (𝑑) 
Wheelchair 
Users 
(𝑑 = 1) 

Crutches 
Users 
(𝑑 = 2) 

Blind & Low 
Vision 
(𝑑=3) 

Transit Stops Boarding Area ✔ 
  

Transit Shelters ✔ ✔ ✔ 

On-Street Parking Aisle ✔ ✔ ✔ 

Curb Ramp ✔ ✔ 
 

Signs ✔ ✔ 
 

Passenger Loading Zones Aisle ✔ ✔ ✔ 

Signs ✔ ✔ 
 

 
6.2.2. Overall Upgrade Duration (𝑶𝑫𝒊) 

Overall upgrade duration (𝑂𝐷)) represents the duration needed from the first day of the upgrade 

project until achieving full compliance of pedestrian facility (𝑖) with accessibility requirements, and it 

includes construction duration (𝐶𝐷)) and duration of building and removal of temporary pedestrian 

access route (𝑇𝑝𝐷)), as shown in Equation (6). These two durations (𝐶𝐷) and 𝑇𝑝𝐷)) can be estimated 

by planners based on the scope of the upgrade project and the construction of a temporary PAR, if 

needed. 

 𝑂𝐷) = 𝐶𝐷) + 𝑇𝑝𝐷) × (1 − 𝐴𝐿𝑇)) (6)	

Where, 
𝑂𝐷) = overall upgrade duration of pedestrian facility 𝑖; 
𝐶𝐷)  = construction duration of pedestrian facility 𝑖; 
𝑇𝑝𝐷)  = duration of building and removal of temporary pedestrian access route needed during 

the upgrade of pedestrian facility 𝑖; and 
𝐴𝐿𝑇)  = a binary value that equals 1 if there is an alternate PAR for pedestrian facility 𝑖 or 0 

otherwise. 
 
6.2.3. Overall Upgrade Cost (𝑶𝑪𝒊) 

The overall upgrade cost (𝑂𝐶)) represents the expenses incurred by local governments to 

achieve full compliance of each non-compliant pedestrian facility (𝑖) with accessibility requirements 
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and it includes: (1) construction cost (𝐶𝐶)), (2) temporary pedestrian access route cost (𝑇𝑝𝐶)), and (3) 

cost savings from coordination with adjacent road-resurfacing projects (𝐶𝑆)), as shown in Equation (7). 

These three types of cost/savings are explained in the following sections.  

 𝑂𝐶) = 𝐶𝐶) + 𝑇𝑝𝐶) × (1 − 𝐴𝐿𝑇)) − 𝐶𝑆) × 𝑅𝑅) (7)	

Where, 
𝑂𝐶) = overall upgrade cost of non-compliant pedestrian facility 𝑖; 
𝐶𝐶)  = construction cost of upgrading pedestrian facility 𝑖; 
𝑇𝑝𝐶)  = cost of establishing a temporary Pedestrian Access Route (PAR) for pedestrian 

facility 𝑖; 
𝐴𝐿𝑇)  = a binary value that equals 1 if there is an alternate PAR for pedestrian facility 𝑖 or 0 

otherwise; 
𝐶𝑆)  = cost savings from coordination with road-resurfacing projects; and 
𝑅𝑅)  = a binary value that equals 1 if decision makers select to coordinate upgrade projects 

with road-resurfacing projects for pedestrian facility 𝑖 or 0 otherwise. 
 
6.2.3.1. Construction Cost (𝐶𝐶)) 

Construction cost (𝐶𝐶)) represents the cost of performing all the work needed to achieve full 

compliance of pedestrian facility (𝑖) with accessibility requirements. The construction scope of work 

includes (1) adding missing elements and features (e.g. push buttons and detectable warning surfaces) 

to non-compliant pedestrian facilities, (2) partially rebuilding non-compliant pedestrian facilities (e.g. 

replacing pedestrian signals or clear spaces to achieve full compliance), and/or (3) fully rebuilding non-

compliant pedestrian facilities. The scope of work for the upgrade process is determined based on the 

existing condition of the pedestrian facility and its degree of non-compliance with accessibility 

requirements. This cost (𝐶𝐶)) can be estimated by decision makers based on their local construction 

cost rates.  

6.2.3.2. Temporary Pedestrian Access Route Cost (𝑇𝑝𝐶)) 

The need to build a temporary pedestrian access route (PAR) depends on the availability of an 

alternate route that pedestrians can use during the upgrade of non-compliant pedestrian facilities. 

Federal laws and regulations require municipalities to maintain the accessibility of their sidewalks and 



 

 

 

128 

pedestrian facilities at all times (U.S. Department of Justice 2010a). If access to public programs, 

services, and activities can be established through existing alternate PARs, such as the sidewalks on the 

other side of the street, then there is no need for a temporary PAR. If these programs, services, and 

activities can only be accessed through the non-compliant pedestrian facility that will be upgraded, then 

a temporary PAR is required for the entire duration of the upgrade project. This required temporary 

PAR must comply with the same accessibility requirements as permanent pedestrian facilities (U.S. 

Department of Justice 2010a). This cost (𝑇𝑝𝐶)) can be estimated by decision makers based on their 

local rates for building and maintaining temporary PARs. 

6.2.3.3. Cost Savings from Coordination with Road Resurfacing Projects (𝐶𝑆)) 

In the case that a non-compliant pedestrian facility is adjacent to a road that is scheduled to be 

resurfaced, this non-compliant facility must be upgraded to achieve full compliance with accessibility 

requirements either before or during the adjacent road-resurfacing project (DOJ/DOT 2013, 2015). 

Accordingly, if a non-compliant pedestrian facility falls in this category, decision makers often 

schedule its upgrade to occur simultaneously with that adjacent road-resurfacing project to pool 

resources and save on material, labor, equipment, and overhead costs. The present model enables 

decision makers to select to coordinate the upgrade of non-compliant pedestrian facilities with adjacent 

road resurfacing projects (𝑅𝑅 = 1). This cost saving (𝐶𝑆)) can be estimated by decision makers to 

present the potential savings that can be achieved by the coordination with existing or pre-scheduled 

road-resurfacing project. 

6.3. Model Formulation Phase 

The proposed optimization model is formulated in three steps that define the model decision 

variables, objective functions, and constraints.  The following sections describe each of these three 

steps. 
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6.3.1. Decision Variables 

The decision variables of the present optimization model include one set of positive integer 

decision variables (𝑥)) that represents the scheduled start date of the required upgrade project for each 

non-compliant pedestrian facility (𝑖). For example, 𝑥)4w = 22 means that the upgrade project of the 

fourth pedestrian facility in the city (𝑖 = 4) is scheduled to start on the 22nd day of the transition plan.  

6.3.2. Objective Functions 

The present multi-objective optimization model includes three objective functions for (1) 

minimizing interrupted pedestrian trips, (2) minimizing total upgrade duration, and (3) minimizing 

annual upgrade budgets.  

6.3.2.1. Minimize Total Interrupted Pedestrian Trips (𝑇𝐼𝑃𝑇) 

This objective function is designed to minimize the total number of pedestrian trips (𝑇𝐼𝑃𝑇) that 

are interrupted/canceled due to all non-compliances with accessibility requirements for the entire 

transition plan. In this model, 𝑇𝐼𝑃𝑇 is calculated based on the earlier described daily interrupted 

pedestrian trips (𝐷𝐼𝑃𝑇)),  construction duration (𝐶𝐷)), and duration of building and removal of 

temporary PAR metrics(𝑇𝑝𝐷)); total expected pedestrian trips (𝑇𝑃𝑇)); and the availability of alternate 

PAR (𝐴𝐿𝑇)); as shown in Equation (8). For example, the model is designed to calculate the total 

interrupted pedestrian trips (𝑇𝐼𝑃𝑇z¤) caused by a non-compliant sidewalk (𝑖 = 27) as shown in Figure 

65. This example sidewalk hosts 25,000 pedestrian trips per year (𝑇𝑃𝑇z¤ = 25,000) and denies access 

to 5.48 pedestrian trips per day (𝐷𝐼𝑃𝑇z¤ = 5.48). The sidewalk has an overall upgrade duration of 15 

days (𝑂𝐷z¤ = 15), an alternate route (𝐴𝐿𝑇z¤ = 1), and the start date of its upgrade project is scheduled 

on the 32nd day of the transition plan (𝑥z¤ = 32). Based on this information, the present model can 

calculate the total interrupted pedestrian trips (𝑇𝐼𝑃𝑇z¤ = 1197.28) for this sidewalk using Equation 

(8), as shown in Figure 65. Another example non-compliant sidewalk (𝑖 = 82) that does not have 

alternate routes (𝐴𝐿𝑇�z = 0) is shown in Figure 66. This example sidewalk hosts 9,976 pedestrian trips 
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per year (𝑇𝑃𝑇�z = 9,976) and denies access to 3.28 pedestrian trips per day (𝐷𝐼𝑃𝑇z¤ = 3.28). The 

sidewalk has a construction duration of 18 days (𝐶𝐷�z = 18), temporary PAR installation duration of 

7 days (𝑇𝑝𝐷�z = 7), and the start date of its upgrade project is scheduled on the 393rd day of the 

transition plan (𝑥�z = 393). Based on this information, the present model can calculate the total 

interrupted pedestrian trips (𝑇𝐼𝑃𝑇�z = 1308.72) for this sidewalk using Equation (8), as shown in 

Figure 66.  

 

𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒	(𝑇𝐼𝑃𝑇)  

=. q(𝐷𝐼𝑃𝑇) × 	(𝑥) − 1)) + ¨
𝑇𝑃𝑇)
365

× 𝐶𝐷) × 𝐴𝐿𝑇)© + (𝐷𝐼𝑃𝑇) × 𝑇𝑝𝐷) × (1 − 𝐴𝐿𝑇)))r
ª

)
 
(8)	

Where, 
𝑇𝐼𝑃𝑇 = total interrupted pedestrian trips for the entire transition plan; 
𝐼  = total number of pedestrian facilities in the entire transition plan; 
𝐷𝐼𝑃𝑇)  = daily interrupted pedestrian trips for pedestrian facility 𝑖, from Equation (5); 
𝑥)  = start date of the upgrade project for pedestrian facility 𝑖; 
𝑇𝑃𝑇)  = estimated annual pedestrian trips for facility 𝑖; 
𝐶𝐷)  = construction duration of pedestrian facility 𝑖, from Equation (6); 
𝑇𝑝𝐷)  = duration of installation and removal of temporary PAR at pedestrian facility 𝑖; and 
𝐴𝐿𝑇)  = a binary value that equals 1 if there is an alternate PAR for pedestrian facility 𝑖 or 0 

otherwise. 
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Figure 65. Example total interrupted pedestrian trips (𝑇𝐼𝑃𝑇z¤) for a sidewalk with alternate routes 

 
Figure 66. Example total interrupted pedestrian trips (𝑇𝐼𝑃𝑇�z) for a sidewalk with no alternate routes 
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6.3.2.2. Minimize Total Upgrade Duration (𝑇𝑈𝐷) 

This objective function is designed to minimize the overall duration of the transition plan to 

accelerate the completion of all required upgrade projects in order to achieve full compliance of all 

pedestrian facilities with accessibility requirements in the shortest possible duration. 𝑇𝑈𝐷 represents 

the duration between the start date of the transition plan and the time of achieving full compliance with 

accessibility requirements. This duration is calculated in the present model as the difference between 

the latest finish date of all upgrade projects and the start date of the transition plan, as shown in Equation 

(9).  

 𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒	(𝑇𝑈𝐷) = 𝑚𝑎𝑥
)45	«¬	ª

(𝑥) + 𝑂𝐷))	 (9)	

Where, 
𝑇𝑈𝐷 = total upgrade duration of the entire transition plan; 
𝐼  = total number of pedestrian facilities in the entire transition plan; 
𝑥)  = start date of upgrade project for pedestrian facility 𝑖; and 
𝑂𝐷)  = overall upgrade duration of pedestrian facility 𝑖, from Equation (6). 
 
6.3.2.3. Minimize Annual Upgrade Budgets (𝐴𝑈𝐵) 

Non-compliant pedestrian facilities are upgraded by state and local governments within the 

limits of an approved annual upgrade budget (El-Rayes et al. 2016). This annual budget impacts the 

number of pedestrian facilities upgrade projects that can be scheduled every year. To enable decision 

makers to evaluate the impact of various annual upgrade budgets on the total interrupted pedestrian 

trips and the total upgrade duration, the present model integrates the annual upgrade budget (AUB) 

throughout the multi-year transition plan as a third objective function that needs to be minimized, as 

shown in Equation (10). This enables decision makers to generate optimal trade-offs among the three 

objectives of minimizing (1) total interrupted pedestrian trips, (2) total upgrade duration, and (3) annual 

upgrade budgets. 

 𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒	(𝐴𝑈𝐵) = 𝑚𝑎𝑥
°45	«¬	±

¨. 𝑂𝐶) × 𝐶𝑜𝐶),°
ª

)45
© (10)	
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𝐶𝑜𝐶),° = ²1	𝑖𝑓	𝑥) 	 ∈ 𝑦0	𝑖𝑓	𝑥) 	 ∉ 𝑦
 

Where, 
𝐴𝑈𝐵 = annual upgrade budget; 
𝑦  = budget year 𝑦; 
𝑌  = total number of budget years in the transition plan; 
𝐼  = total number of pedestrian facilities in the entire transition plan; 
𝑂𝐶)  = overall upgrade cost for pedestrian facility 𝑖, from Equation (7); 
𝐶𝑜𝐶),°   = cost coefficient that equals 1 if 𝑥) is in year 𝑦 and 0 otherwise; and 
𝑥)  = start date of the upgrade project for pedestrian facility 𝑖. 
 
6.3.3. Constraints 

To ensure the practicality of the present model, it includes two sets of constraints that consider 

(1) non-negativity integer values for decision variables; and (2) road-resurfacing projects. The non-

negativity integer constraints are designed to guarantee that values for decision variables are always 

positive integers to represent the planned start dates of all upgrade projects in the transition plan. The 

road-resurfacing projects constraint is an optional constraint that decision makers can elect to activate 

in order to enforce the coordination between upgrade projects of non-compliant pedestrian facilities 

and any adjacent pre-scheduled road-resurfacing projects to improve construction efficiency and 

achieve potential cost savings, as shown in Equation (11).   

 
 𝑖𝑓	𝑅𝑅) = 1, 𝑡ℎ𝑒𝑛	(𝑆𝑅) ≤ 𝑥) ≤ 𝐹𝑅))	 (11)	

Where, 
𝑆𝑅)  = start date of a road-resurfacing project adjacent to pedestrian facility 𝑖; 
𝑥)  = start date of the upgrade project for pedestrian facility 𝑖; and 
𝐹𝑅)  = finish date of a road-resurfacing project adjacent to pedestrian facility 𝑖. 
 
6.4. Implementation Phase 

The present model is implemented in four steps: (1) specifying the model input data, (2) 

performing quantification calculations, (3) executing the optimization computations and algorithms, 
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and (4) generating model outputs that provide detailed description of the optimization results, as shown 

in Figure 67. The following sections describe each of these steps.  

 
Figure 67. Model implementation steps 

6.4.1. Specifying Model Input Data 

This step specifies the input data required by the model to perform its optimization 

computations, including input data for each pedestrian facility (𝑖) and input data for the whole city, as 

shown in Figure 67. The required input data for each pedestrian facility (𝑖) are its (1) estimated 

pedestrian travel demand, (2) construction cost, (3) temporary PAR cost, (4) potential cost savings from 

coordination with adjacent road-resurfacing projects, (5) construction duration, (6) temporary PAR 

duration, (7) availability of alternate PAR, (8) start and finish dates of adjacent road-resurfacing project, 

if applicable, and (9) compliance with accessibility requirements. The required input data for the whole 
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city is its distribution of people with different types of disabilities. This required input data is easily 

accessible and can be obtained from the databases of local, state and federal governments.  

6.4.2. Quantification Calculations 

This step utilizes the data provided by decision makers in the previous step to calculate the 

daily interrupted pedestrian trips for each pedestrian facility (𝐷𝐼𝑃𝑇)), overall upgrade duration of each 

pedestrian facility (𝑂𝐷)), and overall upgrade cost of each pedestrian facility (𝑂𝐶)) using Equations (5), 

(6), and (7), respectively. 

6.4.3. Optimization Computations 

The model is designed to generate optimal trade-offs between the three aforementioned 

optimization objectives of minimizing (1) total interrupted pedestrian trips, (2) total upgrade duration, 

and (3) annual upgrade budgets. To accomplish this, the optimization computations are executed in the 

present model using Non-dominated Sorted Genetic Algorithms II (NSGA-II) due to its ability to (a) 

model non-linear and discrete variables and functions; (b) efficiently model the multi-objective 

optimization problem with the least number of decision variables and constraints given the potentially 

large number of non-compliant pedestrian facilities in need of upgrade; and (c) find near-optimum 

solutions for this optimization problem in a reasonable time (El-Rayes and Kandil 2005; El-Rayes and 

Khalafallah 2005; Kandil et al. 2010; Said and El-Rayes 2011, 2014).  

The optimization computations in the present model are performed in ten steps, as shown in 

Figure 67. First, the model generates an initial population that includes a set of 100 randomly generated 

transition plans. The model then evaluates the fitness of each of these transition plans based on 

Equations (8), (9), and (10). Based on this evaluation, the model checks the feasibility of each generated 

transition plan and discards all those that do not satisfy the optimization constraints. Fourth, the model 

utilizes a newly developed and highly efficient non-dominated sorting algorithms to sort the feasible 

transition plans into multiple non-dominated Pareto Fronts (Zhang et al. 2015). In the next step, the 
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model ranks all transition plans in each of these Pareto Fronts based on their crowding distance (Zhang 

et al. 2015). The model then checks for termination conditions and ends the computations if a 

termination condition is reached (15,000 generations) and all non-dominated transition plans are saved 

in the final results, otherwise the model moves on to the next step. Seventh, the model selects all 

transition plans in the first Pareto Front to form a list of parent transition plans for the next generation. 

If the number of transition plans in the first Pareto Front is less than 100, transition plans from lower 

Pareto Frons are added to the list of parent transition plans to complete 100 transition plans. Based on 

that list of parent transition plans, the model generates a new list of children transition plans by applying 

the basic GA operations such as selection (10%), crossover (60%), and mutation (30%) to the pre-

established list of parent transition plans. Ninth, the model combines both lists of parents and children 

transition plans to generate a new population. The model then iterates the aforementioned steps 2 

through 9, as shown in Figure 67. 

6.4.4. Model Outputs 

The present model uses the aforementioned input, quantification, and optimization 

computations to quantify the impact of upgrading non-compliant pedestrian facilities on people with 

disabilities; and generate optimal trade-offs between the three aforementioned optimization objectives. 

These trade-offs include non-dominated optimal solutions for scheduling the upgrade projects of all 

non-compliant pedestrian facilities in the transition plan. For each of these generated optimal transition 

plans, the model (a) develops detailed upgrade schedule for all non-compliant pedestrian facilities to 

partially fulfill the ADA transition plan requirements, (b) generates graphic maps representing the 

planned upgrades of all pedestrian facilities in the city, (c) calculates the total number of interrupted 

pedestrian trips in the entire city, (d) estimates the annual upgrade budget for each year in the transition 

plan, and (e) identifies the total upgrade duration needed to achieve full compliance with accessibility 

requirements. as shown in Figure 67. 
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6.5. Case Study Phase 

The purpose of this phase is to analyze a real-life case study to illustrate the use of the model 

and demonstrate its novel and unique capabilities. The case study required developing a transition plan 

for upgrading 4,178 non-compliant pedestrian facilities in a city that has 7,193 facilities to achieve full 

compliance with accessibility requirements, as shown in Figure 68. 

 
Figure 68. Map of all pedestrian facilities in the case study city 

For this case study, the required input data by the model included (1) expected pedestrian travel 

demand, which was generated using an activity based model (Davidson et al. 2007); (2) estimated 

construction cost (RSMeans 2018); (3) cost to build, maintain, and/or remove temporary pedestrian 

access route (PAR) (RSMeans 2018); (4) cost savings from coordination with adjacent road-resurfacing 

projects (RSMeans 2018); (5) construction duration (RSMeans 2018); (6) duration of building and/or 

removal of temporary PAR (RSMeans 2018); (7) availability of alternate PAR, which was identified 
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based on the maps of the sidewalk network in the city; (8) start and finish dates of adjacent road-

resurfacing projects; (9) compliance with accessibility requirements (CCRPC 2016); and (10) the 

distribution of people with different types of disabilities in the whole city (U.S. Census Bureau 2012). 

This input data was used by the present model to quantify the impact of upgrading non-compliant 

pedestrian facilities on people with disabilities and generate optimal trade-offs between the three 

aforementioned optimization objectives. The model was able to complete all quantification and 

optimization computations for this case study in 10 hours and 45 minutes using a computer with Core 

i7 Processor and 16GB of memory.  

The generated optimization results for this case study illustrate the novel and unique 

contributions of the model, including its ability to (1) quantify the impact of upgrading non-compliant 

pedestrian facilities on people with disabilities, as shown in Figure 69; (2) identify optimal trade-offs 

among the aforementioned three objectives of minimizing total number of interrupted pedestrian trips, 

minimizing total upgrade duration, and minimizing annual upgrade budgets, as shown in Figure 70 and 

Figure 71; (3) generate detailed optimal schedules for upgrading non-compliant pedestrian facilities to 

satisfy ADA transition plan requirements, as shown in Figure 72 and Figure 73; and (4) create graphic 

maps of the generated optimal transition plans, as shown in Figure 74. 

First, the model was able to quantify the impact of upgrading non-compliant pedestrian 

facilities in the analyzed case study on people with disabilities by calculating the number of daily 

interrupted pedestrian trips (𝐷𝐼𝑃𝑇)) caused by each non-compliant pedestrian facility (𝑖) in the whole 

city using Equation (5), as shown in Figure 69. 
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Figure 69. The impact of upgrading all non-compliant pedestrian facilities (𝐷𝐼𝑃𝑇)) 

Second, the model utilized Non-dominated Sorted Genetic Algorithms II (NSGA-II) to 

generate optimal trade-offs among the three aforementioned optimization objectives of minimizing (1) 

total number of interrupted pedestrian trips, (2) total upgrade duration, and (3) annual upgrade budgets, 

using Equations (8), (9), and (10). For this case study, the model generated 1,275 non-dominated 

transition plans that provided a wide range of optimal trade-offs among the three main optimization 

objectives, as shown in Figure 70. This unique capability of the model enables decision makers to 

analyze the generated trade-offs and select an optimal transition plan based on one, two, or all three 

optimization objectives, as shown in Figure 70 and Figure 71. For example, Transition Plan #1 achieved 

the lowest number of interrupted pedestrian trips (19,952,119) and the shortest total upgrade duration 

(172 days), while requiring the highest annual upgrade budget ($84,088,895.23). This extreme 

transition plan requires all upgrade projects to start simultaneously on the first day of the transition 

plan, which achieves the least number of interrupted pedestrian trips, but requires funding all upgrade 

projects in the first year. Another example is illustrated in Transition Plan #2 that requires the least 

annual upgrade budget ($1,724,956.36), however it caused a significant increase in the number of 

interrupted pedestrian trips (14,112,376,123 trips), and the total upgrade duration (17,610 days), as 

shown in Figure 70 and Figure 71.  
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Figure 70. Optimal trade-offs among the three optimization objectives  

 
Figure 71. Optimal trade-offs between two objectives  
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$10 million. Based on that transition plan, the model generated a detailed schedule for upgrading all 

non-compliant pedestrian facilities in the whole city, as shown in Figure 72. The developed schedule 

achieved full compliance with accessibility requirements by upgrading all non-compliant pedestrian 

facilities in the whole city in 9 years (2,957 days) and minimizing the total number of interrupted 

pedestrian trips to (1,940,707,933 trips), while requiring a maximum annual upgrade budget of 

($9,346,585.19), as shown in Figure 73. Decision makers can analyze these trade-offs and evaluate the 

impact of adjusting the maximum limit of their annual upgrade budget to better address the specific 

requirements of their city. For example, decision makers can compare the previous transition plan to 

Transition Plan #4, which achieves a significantly lower number of interrupted pedestrian trips 

(992,790,904 trips), and shorter total upgrade duration (1,497 days), but requires 90% higher annual 

upgrade budget ($18,966,403.87). 

 
Figure 72. Sample scheduled start dates for upgrade projects in optimal transition plan #3    
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Figure 73. Number of upgrade projects and budget for each year  in optimal transition plan #3 

Fourth, the model enables decision makers to generate graphic maps to visually analyze the 

geographical location of all planned upgrade projects of non-compliant pedestrian facilities during each 

year of the multi-year optimal transition plan, as shown in Figure 74.  

 
Figure 74. Map of upgrade projects scheduled in the first year of optimal transition plan #3 
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6.6. Summary 

This chapter presented a novel multi-objective model for optimizing the scheduling of upgrade 

projects for non-compliant pedestrian facilities to achieve full compliance with accessibility 

requirements for people with disabilities. The model was developed in four phases: (1) upgrade-impact 

quantification phase that analyzed and quantified the impact of upgrading each pedestrian facility on 

people with disabilities; (2) model formulation phase that identified all relevant decision variables that 

affect this optimization problem and formulated the optimization objective functions and constraints; 

(3) model implementation phase that performed the optimization computations and specified the model 

input and output data; and (4) case study phase that analyzed the performance of the optimization model 

using a real-life case study of a city with 4,178 non-compliant pedestrian facilities. The analysis of the 

case study illustrated the use of the model and its novel and unique capabilities. The primary 

contributions of this research to the body of knowledge are its original methodology for: (1) quantifying 

the impact of upgrading non-compliant pedestrian facilities on people with disabilities; (2) identifying 

optimal trade-offs among the three objectives of minimizing total number of interrupted pedestrian 

trips, total upgrade duration, and annual upgrade budgets; (3) generating detailed optimal schedules for 

upgrading non-compliant pedestrian facilities to satisfy all accessibility requirements; and (4) 

generating graphic maps that illustrate the geographical locations of all planned upgrade projects during 

each year of the multi-year optimal transition plan. These novel and unique capabilities should prove 

useful to decision makers in state and local governments and are expected to minimize the required 

duration for achieving full compliance with all accessibility requirements while minimizing required 

annual upgrade budgets and the total number of interrupted pedestrian trips during the transition plan. 
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CHAPTER 7 -  SUMMARY AND CONCLUSIONS 

7.1. Summary 

The present research study focused on assisting decision makers in state and local governments 

in achieving full compliance with accessibility requirements while considering the availability of their 

budgets and resources. The new research developments of this study include: (1) a comprehensive and 

effective field guide; (2) a novel and practical framework for automating the extraction and modeling 

of sidewalk conditions, dimensions and geometry from images; (3) a novel methodology to assess the 

degree of non-compliance of pedestrian facilities with accessibility requirements; and (4) an innovative 

model to optimize the development and execution of transition plans. 

First, a practical and comprehensive field guide was created to improve the understanding and 

communication of accessibility requirements for field engineers and inspectors. The developed field 

guide included three main sections: (1) introduction, (2) accessibility requirements checklists, and (3) 

defined terms. The second section included a comprehensive list of all accessibility requirements to 

assist field engineers and inspectors in verifying the compliance of sidewalks and pedestrian facilities 

and avoid the need to review any additional resources during the inspection. Second, a novel framework 

was developed to automate the extraction and 3D modeling of sidewalk conditions, dimensions, and 

geometry from sidewalk images. The framework was developed in three modules: (1) semantic 

segmentation module that used fully convolutional networks to identify sidewalk-related pixels in input 

images, (2) 3D reconstruction module that built 3D point clouds of sidewalks, and (3) sidewalk 

dimensions module that fitted 3D surfaces to the reconstructed point clouds to automatically extract 

sidewalk dimensions and geometry.  

Third, a novel model was developed to automate the assessment of the degree of non-

compliance of pedestrian facilities with accessibility requirements. The model was developed in four 

main phases: (1) accessibility requirements analysis phase that identifies pedestrian facility types and 
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their related accessibility requirements, (2) non-compliance assessment phase that quantified the degree 

of non-compliance of each pedestrian facility with accessibility requirements; (3) collective non-

compliance phase that aggregated the individual non-compliance indices of  a group of pedestrian 

facilities based on their type and/or geographical region; and (4) performance evaluation phase that 

analyzed a case study to illustrate the use of the developed model and demonstrate its novel capabilities. 

The analysis of the case study illustrated the novel capabilities of the model in (a) efficiently quantifying 

the degree of non-compliance of all types of pedestrian facilities including transit shelters, on-street 

parking spaces, and passenger loading zones; (b) assessing the degree of non-compliance of each 

pedestrian facility type to identify facility types that are in urgent need for upgrades; (c) prioritizing 

pedestrian facilities upgrade projects in multiple regions based on their non-compliance index; and (d) 

classifying pedestrian facilities based on the severity of their non-compliance with accessibility 

requirements. The model was able to assess the degree of non-compliance with accessibility 

requirements for 1327 pedestrian facilities that cover all pedestrian facility types and calculate non-

compliance indices for pedestrian facility types 𝑁𝐶𝐼* and regions	𝑁𝐶𝐼�. 

Fourth, a novel multi-objective model was developed to optimize the scheduling of upgrade 

projects for non-compliant pedestrian facilities to achieve full compliance with accessibility 

requirements for people with disabilities. The model was developed in four phases: (1) upgrade-impact 

quantification phase that analyzed and quantified the impact of upgrading each pedestrian facility on 

people with disabilities; (2) model formulation phase that identified all relevant decision variables that 

affect this optimization problem and formulated the optimization objective functions and constraints; 

(3) model implementation phase that performed the optimization computations and specified the model 

input and output data; and (4) case study phase that analyzed the performance of the optimization model 

using a real-life case study of a city with 4,178 non-compliant pedestrian facilities. The analysis of the 

case study illustrated the use of the model and its novel and unique capabilities.  
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7.2. Research Contributions 

The main research contributions of this study include the development of: 

1. Comprehensive and effective field guide to assist site engineers and inspectors in verifying 

the compliance of sidewalks and pedestrian facilities with accessibility requirements. 

2. Cost-effective and practical framework for automating the extraction and 3D modeling of 

sidewalks conditions, dimensions, and geometry. 

3. Deep fully convolutional neural network FCN that is capable of identifying sidewalk pixels 

in input images and isolating these pixels by discarding all non-relevant pixels in these 

images. 

4. Innovative automated assessment model that is capable of assessing the degree of non-

compliance for sidewalks and pedestrian facilities with accessibility requirements. 

5. New metrics to quantify the degree of non-compliance for all types of pedestrian facilities. 

6. Original metrics that are capable of quantifying the impact of upgrading non-compliant 

pedestrian facilities on people with disabilities by calculating the expected number of 

pedestrian trips that will be interrupted or cancelled due to non-compliance with accessibility 

requirements. 

7. Novel multi-objective optimization model that is capable of generating optimal trade-offs 

between the three objectives of minimizing interrupted pedestrian trips, total upgrade 

durations, and annual upgrade budgets.  
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7.3. Research Impact 

The implementation of the proposed models, methodologies, and frameworks can lead to broad 

and profound impacts on sidewalks and pedestrian facilities construction, alteration, and maintenance. 

These impacts include: (1) improving understanding of accessibility requirements and improving the 

accuracy of their inspection in the field, (2) maximizing the efficiency and effectiveness of performing 

self-evaluations, (3) generating accurate 3D models of the existing conditions of sidewalks and 

pedestrian facilities in a reliable digital format, and (4) streamlining and optimizing the development 

and execution of transition plans to ensure achieving maximum compliance with accessibility 

requirements while minimizing total upgrade duration and annual upgrade budgets. 

7.4. Future Research Work 

While the present study fully achieved its research objectives, additional research areas 

have been identified to expand and build upon the completed research work. These future research 

opportunities include: (1) expanding the developed fully convolutional network, (2) automating 

the capture of sidewalk images, and (3) creating a real-time compliance assessment system for 

sidewalks and pedestrian facilities. 

7.4.1. Expanding the Fully Convolutional Network 

The developed FCN utilizes its efficient architecture to identify and isolate sidewalk pixels in 

input images. The methodology developed in the present study yields highly accurate image 

segmentation analysis, as shown in the previous chapters. Expanding the capabilities of this FCN 

beyond isolating sidewalk pixels might improve the overall efficiency of the self-evaluation. These 

additional FCN capabilities may include (1) directly identifying sidewalk dimensions from images 

without the need to reconstruct a 3D model, (2) automatically analyzing vertical fault to identify non-

compliant sidewalk segments, and (3) identifying protruding objects such as tree branches that overlap 

the sidewalk and highlight them for removal. 
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7.4.2. Automating the Capture of Sidewalk Images 

The research study focuses on utilizing visual data from sidewalk images that can be captured 

by drone, ground robot, handheld camera, and/or cell phone. The developed methodology in its current 

state is agnostic to the source of input sidewalk images. Expanding the capabilities of this methodology 

to automate capturing sidewalk images using Unmanned Aerial Vehicles (UAVs) and/or Unmanned 

Ground Vehicles (UGVs) will enable decision makers and field inspectors to cover larger areas of 

sidewalk networks while reducing the required time, cost, and labor hours. This automation will also 

enable decision makers to repeat the same flight patterns or ground robot paths to update their sidewalk 

inventory data. 

7.4.3. Creating a Real-Time Sidewalk Compliance Assessment System 

The present research study provides an end-to-end sidewalk compliance assessment and 

verification system that can be used to supplement or replace existing traditional methods. The 

developed models, methodologies, and frameworks provide significant time, cost, and accuracy 

improvement over traditional manual measurement and analysis methods. The present study highlights 

the capabilities of state-of-the-art tools such as neural networks in efficiently performing complicated 

tasks that were impossible a few years ago. Considering the latest advancement in the fields of deep 

convolutional networks, a fast FCN might be developed to analyze sidewalk images and predict their 

degree of non-compliance with accessibility requirements in real time. This potential research direction 

might currently be difficult due to the limitations in existing hardware configurations and network 

architectures, but it is expected to become more efficient with the continuous advancement in mobile 

hardware and neural network implementation. 

  



 

 

 

149 

REFERENCES 

Axelson, P. W., Chesney, D. A., Galvan, D. V., Kirschbaum, J. B., Longmuir, P. E., Lyons, C., and 
Wong, K. M. (1999). Designing Sidewalks and Trails for Access Part I of II : Review of Existing 
Guidelines and Practices. 

Badrinarayanan, V., Kendall, A., and Cipolla, R. (2017). “SegNet: A Deep Convolutional Encoder-
Decoder Architecture for Image Segmentation.” IEEE Transactions on Pattern Analysis and 
Machine Intelligence, 39(12), 2481–2495. 

“Barden v. Sacramento.” (2002). United States Court of Appeals, Ninth Circuit, San Francisco. 

CCRPC. (2016). Sidewalk Network Inventory and Assessment. Champaign, IL. 

CDR v. Caltrans. (2010). United States District Court Northern District of California, San Francisco. 

Chen, L.-C., Papandreou, G., Kokkinos, I., Murphy, K., and Yuille, A. L. (2014). “Semantic Image 
Segmentation with Deep Convolutional Nets and Fully Connected CRFs.” 40(4), 834–848. 

Ciresan, D. C., Meier, U., Masci, J., Maria Gambardella, L., and Schmidhuber, J. (2011). “Flexible, 
high performance convolutional neural networks for image classification.” IJCAI Proceedings-
International Joint Conference on Artificial Intelligence, 1237. 

City of Bellevue. (2008). City of Bellevue , Washington Americans with Disabilities Act ( ADA ) 
Sidewalk & Curb Ramp Inventory. City of Bellevue, Washington. 

City of Clayton. (2014). City of Clayton ADA Transition Plan. Clayton, MO. 

Clifton, K. J., Singleton, P. A., Muhs, C. D., and Schneider, R. J. (2016). “Representing pedestrian 
activity in travel demand models: Framework and application.” Journal of Transport Geography, 
Elsevier B.V., 52, 111–122. 

“Council for Disability Rights v. City Of Chicago.” (2007). The United States District Court for the 
Northern District of Illinois, Eastern Division, Cicago, IL. 

Couprie, C., Najman, L., and Lecun, Y. (2013). “Learning Hierarchical Features for scence labeling.” 
Pattern Analysis and Machine Intelligence, IEEE Transactions on, 35(8), 1915–1929. 

Davidson, W., Donnelly, R., Vovsha, P., Freedman, J., Ruegg, S., Hicks, J., Castiglione, J., and Picado, 
R. (2007). “Synthesis of first practices and operational research approaches in activity-based 
travel demand modeling.” Transportation Research Part A: Policy and Practice, 41(5), 464–488. 

Davis, S. E., King, L. E., and Robertson, H. D. (1988). “Predicting Pedestrian Crosswalk Volumes.” 
Transportation Research Record: Journal of the Transportation Research Board, 1168, 25–30. 

DOJ. (2001). “Project Civic Access Settlement with Warren County, Illinois.” 
<http://www.ada.gov/warrenil.htm> (Oct. 20, 2018). 

DOJ. (2004). “Project Civic Access Settlement with Waukegan Park District, Waukegan, Illinois.” 
<http://www.ada.gov/waukeganpkil.htm> (Oct. 20, 2018). 



 

 

 

150 

DOJ. (2005a). “Project Civic Access Settlement with Will County, Illinois.” 
<http://www.ada.gov/willilsa.htm> (Oct. 20, 2018). 

DOJ. (2005b). “Project Civic Access Settlement with Waukegan, Illinois.” 
<http://www.ada.gov/waukegasa.htm> (Oct. 20, 2018). 

DOJ. (2009). “Project Civic Access Settlement with Village of Midlothian, Illinois.” 
<http://www.ada.gov/midothian/midothian_sa.htm> (Oct. 20, 2018). 

DOJ. (2010a). “Project Civic Access Settlement with St. Clair County, Illinois.” 
<http://www.ada.gov/stclare_pca/stclare_sa.htm> (Oct. 20, 2018). 

DOJ. (2010b). “Project Civic Access Settlement with Newport, Rhode Island.” 
<http://www.ada.gov/newport_pca/newport_sa.htm> (Oct. 20, 2018). 

DOJ. (2010c). “Project Civic Access Settlement with Fort Myers, Florida.” 
<http://www.ada.gov/ft_myers_pca/fort_myers_sa.htm> (Oct. 20, 2018). 

DOJ. (2010d). “Project Civic Access Settlement with Muskegon, Michigan.” 
<http://www.ada.gov/muskegon_pca/muskegon_sa.htm> (Oct. 20, 2018). 

DOJ. (2010e). “Project Civic Access Settlement with Pearl River County, Mississippi.” 
<http://www.ada.gov/pearl_co_pca/pearl_co_sa.htm> (Oct. 20, 2018). 

DOJ. (2010f). “Project Civic Access Settlement with Town of Pomfret, Connecticut.” 
<http://www.ada.gov/pomfret_PCA/pomfret_sa.htm> (Oct. 20, 2018). 

DOJ. (2010g). “Project Civic Access Settlement with Wilson County, North Carolina.” 
<http://www.ada.gov/wilsonco_pca/wilson_sa.htm> (Oct. 20, 2018). 

DOJ. (2010h). “Project Civic Access Settlement with Smyth County, Virginia.” 
<http://www.ada.gov/smyth_pca/smyth_sa.htm> (Oct. 20, 2018). 

DOJ. (2010i). “Project Civic Access Settlement with Lancaster County, Pennsylvania.” 
<http://www.ada.gov/lancaster_pca/lancaster_sa.htm> (Oct. 20, 2018). 

DOJ. (2010j). “Project Civic Access Settlement with Wyandotte County and Kansas City, Kansas.” 
<http://www.ada.gov/wyandotte_pca/wyandotte_sa.htm> (Oct. 20, 2018). 

DOJ. (2011a). “Project Civic Access Settlement with Upshur County, Texas.” 
<http://www.ada.gov/upshur_co_tx_pca/upshur_co_tx_sa.htm> (Oct. 20, 2018). 

DOJ. (2011b). “Project Civic Access Settlement with Town of Warrenton, Virginia.” 
<http://www.ada.gov/warrenton_va_pca/warrenton_va_pca.htm> (Oct. 20, 2018). 

DOJ. (2011c). “Project Civic Access Settlement with Montgomery County, Maryland and Maryland 
National Capital Park and Planning Commission.” 
<http://www.ada.gov/montgomery_co_pca/montgomery_co_sa.htm> (Oct. 20, 2018). 

DOJ. (2011d). “Project Civic Access Settlement with City of Madison, Indiana.” 
<http://www.ada.gov/madison_pca/madison.htm> (Oct. 20, 2018). 

DOJ. (2011e). “Project Civic Access Settlement with Daviess County, Kentucky.” 



 

 

 

151 

<http://www.ada.gov/daviess_co_pca/daviess_sa.htm> (Oct. 20, 2018). 

DOJ. (2011f). “Project Civic Access Settlement with Norfolk County, Massachusetts.” 
<http://www.ada.gov/norfolk_pca/norfolk_sa.htm> (Oct. 20, 2018). 

DOJ. (2011g). “Project Civic Access Settlement with Van Buren County, Arkansas.” 
<http://www.ada.gov/van_buren_pca/van-buren_sa.htm> (Oct. 20, 2018). 

DOJ. (2011h). “Project Civic Access Settlement with City of Independence, Kansas.” 
<http://www.ada.gov/independence_ks/independenceks_sa.htm> (Oct. 20, 2018). 

DOJ. (2011i). “Project Civic Access Settlement with City of Des Moines, Iowa.” 
<http://www.ada.gov/des_moines_pca/des-moines_pca_sa.htm> (Oct. 20, 2018). 

DOJ. (2011j). “Project Civic Access Settlement with Town of Swansea, Massachusetts.” 
<http://www.ada.gov/swansea_pca/swansea_pca_sa.htm> (Oct. 20, 2018). 

DOJ. (2011k). “Project Civic Access Settlement with Fairfax County, Virginia.” 
<http://www.ada.gov/fairfax_pca/fairfax_sa.htm> (Oct. 20, 2018). 

DOJ. (2012a). “Project Civic Access Settlement with North Adams, Massachusetts.” 
<http://www.ada.gov/north_adams_pca/north-adams-pca-sa.htm> (Oct. 20, 2018). 

DOJ. (2012b). “Project Civic Access Settlement with Providence, Rhode Island.” 
<http://www.ada.gov/providence_ri_pca/providence_pca_sa.htm> (Oct. 20, 2018). 

DOJ. (2012c). “Project Civic Access Settlement with Schuylkill County, Pennsylvania.” 
<http://www.ada.gov/schuylkill-co-pca/schuylkill-pca-sa.htm> (Oct. 20, 2018). 

DOJ. (2012d). “Project Civic Access Settlement with Kansas City, Missouri.” 
<http://www.ada.gov/Kansas_city_pca/kansas_city_pca_sa.htm> (Oct. 20, 2018). 

DOJ. (2012e). “Project Civic Access Settlement with Randolph County, Georgia.” 
<http://www.ada.gov/randolph-co-pca/randolph-co-sa.htm> (Oct. 20, 2018). 

DOJ. (2012f). “Project Civic Access Settlement with City of Wills Point, Texas.” 
<http://www.ada.gov/wills-point-pca/wills-point-sa.htm> (Oct. 20, 2018). 

DOJ. (2012g). “Project Civic Access Settlement with Humboldt, Kansas.” 
<http://www.ada.gov/humboldt_KS_pca/humboldt_KS_sa.htm> (Oct. 20, 2018). 

DOJ. (2013a). “Project Civic Access Settlement with City of Fort Morgan, Colorado.” 
<http://www.ada.gov/fort-morgan-pca/fort-morgan-pca-sa.htm> (Oct. 20, 2018). 

DOJ. (2013b). “Project Civic Access Settlement with Town of Poestenkill, New York.” 
<http://www.ada.gov/poestenkill-pca/poestenkill-sa.htm> (Oct. 20, 2018). 

DOJ. (2013c). “Project Civic Access Settlement with City of West Columbia, South Carolina.” 
<http://www.ada.gov/west-columbia-pca/west-columbia-pca-sa.htm> (Oct. 20, 2018). 

DOJ. (2013d). “Project Civic Access Settlement with Stewart County, Georgia.” 
<http://www.ada.gov/stewart-co-pca/stewart-co-pca-sa.htm> (Oct. 20, 2018). 



 

 

 

152 

DOJ. (2013e). “Project Civic Access Settlement with Jacksonville, Florida.” 
<http://www.ada.gov/jacksonville_pca/jacksonville_pca_sa.htm> (Oct. 20, 2018). 

DOJ/DOT. (2013). Department of Justice/Department of Transportation Joint Technical Assistance on 
the Title II of the Americans with Disabilities Act Requirements to Provide Curb Ramps when 
Streets, Roads, or Highways are Altered through Resurfacing. 

DOJ/DOT. (2015). Supplement to the 2013 DOJ/DOT Joint Technical Assistance on the Title II of the 
Americans with Disabilities Act Requirements To Provide Curb Ramps when Streets, Roads, or 
Highways are Altered through Resurfacing. 

El-Rayes, K., and Kandil, A. (2005). “Time-Cost-Quality Trade-Off Analysis for Highway 
Construction.” Journal of Construction Engineering and Management. 

El-Rayes, K., and Khalafallah, A. (2005). “Trade-off between Safety and Cost in Planning Construction 
Site Layouts.” Journal of Construction Engineering and Management, 1186–1195. 

El-Rayes, K., Liu, L., Golparvar-fard, M., Elgohary, N., and Halabya, A. (2016). Development of Public 
Right-of-Way Accessibility Guideline Resource Material. 

FHWA. (2001). Designing Sidewalks and Trails for Access Part II of II : Best Practices Design Guide. 

Furukawa, Y., and Ponce, J. (2010). “Accurate , Dense , and Robust Multiview Stereopsis.” 1362–
1376. 

Gong, Y., and Wang, Y. F. (2011). “Multi-view stereo point clouds visualization.” Lecture Notes in 
Computer Science (including subseries Lecture Notes in Artificial Intelligence and Lecture Notes 
in Bioinformatics), 6938 LNCS(PART 1), 281–290. 

Gupta, S., Girshick, R. B., Arbeláez, P. A., and Malik, J. (2014). “Learning Rich Features from {RGB-
D} Images for Object Detection and Segmentation.” Computer Vision - {ECCV} 2014 - 13th 
European Conference, Zurich, Switzerland, September 6-12, 2014, Proceedings, Part {VII}, 8695, 
345–360. 

Hankey, S., Lu, T., Mondschein, A., and Buehler, R. (2017). “Spatial models of active travel in small 
communities: Merging the goals of tra ffi c monitoring and direct-demand modeling.” Journal of 
Transport & Health, Elsevier Ltd, (January), 0–1. 

He, K., Zhang, X., Ren, S., and Sun, J. (2015). “Deep Residual Learning for Image Recognition.” 

Kandil, A., El-Rayes, K., and El-Anwar, O. (2010). “Optimization Research: Enhancing the Robustness 
of Large-Scale Multiobjective Optimization in Construction.” Journal of Construction 
Engineering and Management, 136(1), 17–25. 

Kazhdan, M., and Hoppe, H. (2013). “Screened poisson surface reconstruction.” ACM Transactions on 
Graphics, 32(3), 1–13. 

Krizhevsky, A., Sutskever, I., and Hinton, G. E. (2012). “ImageNet Classification with Deep 
Convolutional Neural Networks.” Advances in Neural Information Processing Systems 25, F. 
Pereira, C. J. C. Burges, L. Bottou, and K. Q. Weinberger, eds., Curran Associates, Inc., 1097–
1105. 

Long, J., Shelhamer, E., and Darrell, T. (2015). “Fully Convolutional Networks for Semantic 



 

 

 

153 

Segmentation.” IEEE Transactions on Pattern Analysis and Machine Intelligence, 3431–3440. 

NCHRP. (2009). Accessible Pedestrian Signals: A Guide to Best Practices. Washington, D.C. 

Pakhomov, D., Premachandran, V., Allan, M., Azizian, M., and Navab, N. (2017). “Deep Residual 
Learning for Instrument Segmentation in Robotic Surgery.” 1–9. 

PROWAAC. (2007). Accessible Public Rights-of-Way Planning and Designing for Alteration. 
Washington, D.C. 

Rodriguez, J. D., Perez, A., and Lozano, J. A. (2010). “Sensitivity analysis of k-fold cross validation in 
prediction error estimation.” IEEE transactions on pattern analysis and machine intelligence, 
IEEE, 32(3), 569–575. 

RSMeans. (2018). Building Construction Costs with RSMeans data. (S. C. Plotner, ed.), Gordian 
RSMeans data, Rockland, MA. 

Ryus, P., Butsick, A., Proulx, F. R., Schneider, R. J., Hull, T., Proulx, F. R., Hull, T., and Miranda-
Moreno, L. (2017). Methods and Technologies for Pedestrian and Bicycle Volume Data 
Collection: Phase 2. NCHRP Web-Only Document 205, THE NATIONAL ACADEMIES 
PRESS. 

Ryus, P., Schneider, R., Proulx, F. R., Hull, T., and Miranda-Moreno, L. (2014). Methods and 
Technologies for Pedestrian and Bicycle Volume Data Collection. NCHRP Web-Only Document 
205, THE NATIONAL ACADEMIES PRESS. 

Said, H., and El-Rayes, K. (2011). “Optimizing Material Procurement and Storage on Construction 
Sites.” Journal of Construction Engineering and Management. 

Said, H., and El-Rayes, K. (2014). “Automated multi-objective construction logistics optimization 
system.” Automation in Construction, Elsevier B.V., 43, 110–122. 

Sanders, R. L., Frackelton, A., Gardner, S., Schneider, R., and Hintze, M. (2017). “‘ Ballpark ’ Method 
for Estimating Pedestrian & Bicyclist Exposure in Seattle : a Potential Option for Resource-
Constrained Cities in an Age of Big Data.” Transportation Research Board 96th Annual Meeting, 
The National Academies of Sciences, Engineering, and Medicine, Washington, D.C., 1–25. 

Schonberger, J. L., and Frahm, J.-M. (2016). “Structure-from-Motion Revisited.” 2016 IEEE 
Conference on Computer Vision and Pattern Recognition (CVPR), 4104–4113. 

Schwartz, W. L., Porter, C. D., Payne, G. C., Suhrbier, J. H., Moe, P. C., and Wilkinson III, W. L. 
(1999). Guidebook on Methods to Estimate Non-Motorized Travel: Overview of Methods. 
McLean, VA. 

Sermanet, P., Eigen, D., Zhang, X., Mathieu, M., Fergus, R., and LeCun, Y. (2014). “OverFeat : 
Integrated Recognition , Localization and Detection using Convolutional Networks.” 

Simonyan, K., and Zisserman, A. (2014). “Very Deep Convolutional Networks for Large-Scale Image 
Recognition.” CoRR, abs/1409.1. 

U.S. Access Board. (2011). Accessibility Guidelines for Pedestrian Facilities in the Public Right-of-
Way. 36 CFR Part 1190, Washington, D.C. 



 

 

 

154 

U.S. Census Bureau. (2012). Americans with disabilities: 2010 household economic studies. US Census 
Bureau. 

U.S. Congress. (1968). Architectural Barriers Act. 42 U.S.C. § 4151 et seq., U.S.A., 42 U.S.C. §§4151 
et seq. 

U.S. Congress. (1973). Rehabilitation Act. 29 U.S.C. § 701 et seq., U.S.A., 29 U.S.C. § 701 et seq. 

U.S. Congress. (1990). Americans With Disabilities Act. 42 U.S.C. § 12101 et seq., U.S.A., 42 U.S.C. 
§ 12101 et seq. 

U.S. Congress. (2008). ADA Ammendment Act. United Stated of America. 

U.S. Department of Justice. (1994). The Americans with Disabilities Act Title II Technical Assistance 
Manual. Washington, D.C. 

U.S. Department of Justice. (2007). “Chapter 3 Addendum: Title II Checklist.” ADA Toolkit, U.S. 
Department of Justice, Washington, D.C., 1–8. 

U.S. Department of Justice. (2010a). Americans with Disabilities Act Title II Regulations. 28 CFR 
PART 35, Washington, DC, USA. 

U.S. Department of Justice. (2010b). 2010 ADA Standards for Accessible Design. 28 CFR 35.151, 
Washington, D.C., U.S.A. 

“Willits v. City of L.A.” (2016). United States District Court, C.D. California, Los Angeles. 

Wu, C. (2011). “VisualSFM: A Visual Structure from Motion System.” <http://ccwu.me/vsfm/>. 

Wu, C. (2013). “Towards linear-time incremental structure from motion.” Proceedings - 2013 
International Conference on 3D Vision, 3DV 2013, 127–134. 

Wu, C., Agarwal, S., Curless, B., and Seitz, S. M. (2011). “Multicore bundle adjustment (mcba).” IEEE 
Conference on Computer Vision and Pattern Recognition (CVPR), (1), 5–7. 

Zhang, X., Tian, Y., Cheng, R., Jin, Y., Ye, T., Cheng, R., and Jin, Y. (2015). “An Efficient Approach 
to Non-dominated Sorting for Evolutionary Multi-objective.” IEEE Transactions on Evolutionary 
Computation, 19(2), 1–15. 

 

 

  



 

 

 

155 

APPENDIX A: SAMPLE OF THE FIELD GUIDE 

 



 

 

 

156 

 



 

 

 

157 

 



 

 

 

158 

 



 

 

 

159 

 



 

 

 

160 

 



 

 

 

161 

 



 

 

 

162 

 



 

 

 

163 

 



 

 

 

164 

  



 

 

 

165 

APPENDIX B: SAMPLE OF CITY OF URBANA TRANSITION PLAN  
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APPENDIX C: ACCESSIBILITY REQUIREMENTS AND NON-
COMPLIANCE SCORE 

Table 16: Example weights and limits for curb ramp requirements 

Curb Ramp 
Requirement 

𝒓 Weight
s(𝑾𝒓

𝟐)
% 

Range of Existing Conditions Non-Compliance 
Score (𝑺𝒊,𝒓𝟐 )% 

Width 1 10 𝑊𝑖𝑑𝑡ℎ < 3.00	𝑓𝑒𝑒𝑡 100 
3.00 ≤ 𝑊𝑖𝑑𝑡ℎ < 4.00	𝑓𝑒𝑒𝑡 50 

𝑊𝑖𝑑𝑡ℎ ≥ 4.00	𝑓𝑒𝑒𝑡 0 
Running Slope 2 10 𝑅𝑢𝑛𝑛𝑖𝑛𝑔	𝑆𝑙𝑜𝑝𝑒 > 12 100 

12% ≥ 𝑅𝑢𝑛𝑛𝑖𝑛𝑔	𝑆𝑙𝑜𝑝𝑒 > 8.33% 50 
𝑅𝑢𝑛𝑛𝑖𝑛𝑔	𝑆𝑙𝑜𝑝𝑒 ≤ 8.33% 0 

Cross Slope 3 10 𝐶𝑟𝑜𝑠𝑠	𝑆𝑙𝑜𝑝𝑒 > 4% 100 
4% ≥ 𝐶𝑟𝑜𝑠𝑠	𝑆𝑙𝑜𝑝𝑒 > 2% 50 

𝐶𝑟𝑜𝑠𝑠	𝑆𝑙𝑜𝑝𝑒 ≤ 2% 0 
Ramp Flare 

Slope 
4 10 𝑟𝑎𝑚𝑝	𝑓𝑙𝑎𝑟𝑒	𝑠𝑙𝑜𝑝𝑒 > 12% 100 

12% ≥ 𝑟𝑎𝑚𝑝	𝑓𝑙𝑎𝑟𝑒	𝑠𝑙𝑜𝑝𝑒 > 10% 50 
𝑟𝑎𝑚𝑝	𝑓𝑙𝑎𝑟𝑒	𝑠𝑙𝑜𝑝𝑒 ≤ 10% 0 

Detectable 
Warning 
Surfaces 

5 10 𝐷𝑊𝑆	𝑖𝑠	𝑛𝑜𝑛 − 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 100 
𝐷𝑊𝑆	𝑖𝑠	𝑝𝑟𝑒𝑠𝑒𝑛𝑡 0 

Alignment with 
Marked 

Crosswalk 

6 10 𝑛𝑜𝑡	𝑎𝑙𝑖𝑔𝑛𝑒𝑑 100 
𝑎𝑙𝑖𝑔𝑛𝑒𝑑 0 

Vertical 
Changes in 

Level 

7 10 𝑐ℎ𝑎𝑛𝑔𝑒	𝑖𝑛	𝑙𝑒𝑣𝑒𝑙 > 0.5" 100 
0.5" ≥ 𝑐ℎ𝑎𝑛𝑔𝑒	𝑖𝑛	𝑙𝑒𝑣𝑒𝑙 > 0.25" 50 
0.25" ≥ 𝑐ℎ𝑎𝑛𝑔𝑒	𝑖𝑛	𝑙𝑒𝑣𝑒𝑙 > 0.0" 0 

Landing Size 8 10 𝑙𝑎𝑛𝑑𝑖𝑛𝑔	𝑖𝑠	𝑚𝑖𝑠𝑠𝑖𝑛𝑔 100 
2.00 ≤ 𝑙𝑎𝑛𝑑𝑖𝑛𝑔 < 3.00	𝑓𝑒𝑒𝑡 60 
3.00 ≤ 𝑙𝑎𝑛𝑑𝑖𝑛𝑔 < 4.00	𝑓𝑒𝑒𝑡 40 

𝑙𝑎𝑛𝑑𝑖𝑛𝑔 ≥ 4.00	𝑓𝑒𝑒𝑡 0 
Landing Slope 9 10 𝐶𝑟𝑜𝑠𝑠	𝑆𝑙𝑜𝑝𝑒 > 4% 100 

4% ≥ 𝐶𝑟𝑜𝑠𝑠	𝑆𝑙𝑜𝑝𝑒 > 2% 50 
𝐶𝑟𝑜𝑠𝑠	𝑆𝑙𝑜𝑝𝑒 ≤ 2% 0 

Gutter 
Running Slope 

10 5 𝑟𝑢𝑛𝑛𝑖𝑛𝑔	𝑠𝑙𝑜𝑝𝑒 > 8% 100 
8% ≥ 𝑟𝑢𝑛𝑛𝑖𝑛𝑔	𝑠𝑙𝑜𝑝𝑒 > 5% 50 
5% ≥ 𝑟𝑢𝑛𝑛𝑖𝑛𝑔	𝑠𝑙𝑜𝑝𝑒 > 0.0" 0 

Gutter Cross 
Slope 

11 5 𝑟𝑢𝑛𝑛𝑖𝑛𝑔	𝑠𝑙𝑜𝑝𝑒 > 5% 100 
5% ≥ 𝑟𝑢𝑛𝑛𝑖𝑛𝑔	𝑠𝑙𝑜𝑝𝑒 > 2% 50 
2% ≥ 𝑟𝑢𝑛𝑛𝑖𝑛𝑔	𝑠𝑙𝑜𝑝𝑒 > 0.0" 0 
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Table 17: Example weights and scores for pedestrian signals requirements  

Pedestrian 
Signal 
requirement 

𝒓 Weights
(𝑾𝒓

𝟒)% 
Range of Existing Conditions Non-Compliance 

Score (𝑺𝒊,𝒓𝟒 )% 

Button Height 
 

1 15 ℎ𝑒𝑖𝑔ℎ𝑡 < 25" 100 
27" ≤ ℎ𝑒𝑖𝑔ℎ𝑡 < 30"	 50 
30" ≤ ℎ𝑒𝑖𝑔ℎ𝑡 < 42"	 0 
42" ≤ ℎ𝑒𝑖𝑔ℎ𝑡 < 48"	 50 

ℎ𝑒𝑖𝑔ℎ𝑡 ≥ 48"	 100 
Button 

Diameter 
2 10 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 ≥ 2" 100 

𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 < 2" 0 
Button 

Pressure 
3 15 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 ≤ 5lbs 100 

𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 > 5lbs 0 
Button Visual 

Contrast 
4 10 𝑛𝑜	𝑏𝑢𝑡𝑡𝑜𝑛	𝑐𝑜𝑛𝑡𝑟𝑎𝑠𝑡	𝑤𝑖𝑡ℎ	𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 100 

𝑏𝑢𝑡𝑡𝑜𝑛	𝑐𝑜𝑛𝑡𝑟𝑎𝑠𝑡𝑠	𝑤𝑖𝑡ℎ	𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 0 
Locator Tone 5 10 𝑛𝑜	𝑙𝑜𝑐𝑎𝑡𝑜𝑟	𝑡𝑜𝑛𝑒	𝑝𝑟𝑒𝑠𝑒𝑛𝑡 100 

𝑙𝑜𝑐𝑎𝑡𝑜𝑟	𝑡𝑜𝑛𝑒	𝑝𝑟𝑒𝑠𝑒𝑛𝑡 0 
Closed Fist 

Option 
6 15 𝑐𝑙𝑜𝑠𝑒𝑑	𝑓𝑖𝑠𝑡	𝑜𝑝𝑡𝑖𝑜𝑛	𝑛𝑜𝑡	𝑝𝑟𝑜𝑣𝑖𝑑𝑒𝑑 100 

𝑐𝑙𝑜𝑠𝑒𝑑	𝑓𝑖𝑠𝑡	𝑜𝑝𝑡𝑖𝑜𝑛	𝑝𝑟𝑒𝑠𝑒𝑛𝑡 0 
Clear Floor 

Space 
7 15 𝑛𝑜	𝑐𝑙𝑒𝑎𝑟	𝑓𝑙𝑜𝑜𝑟	𝑠𝑝𝑐𝑎𝑒	𝑝𝑟𝑒𝑠𝑒𝑛𝑡 100 

𝑐𝑙𝑒𝑎𝑟	𝑓𝑙𝑜𝑜𝑟	𝑠𝑝𝑐𝑎𝑒	𝑝𝑟𝑒𝑠𝑒𝑛𝑡 0 
Clear Floor 
Space Slope 

(in any direction) 

8 10 𝐶𝑟𝑜𝑠𝑠	𝑆𝑙𝑜𝑝𝑒 > 6% 100 
6% ≥ 𝐶𝑟𝑜𝑠𝑠	𝑆𝑙𝑜𝑝𝑒 > 4% 40 
4% ≥ 𝐶𝑟𝑜𝑠𝑠	𝑆𝑙𝑜𝑝𝑒 > 2% 20 

𝐶𝑟𝑜𝑠𝑠	𝑆𝑙𝑜𝑝𝑒 ≤ 2% 0 
 
  



 

 

 

178 

Table 18: Example weights and scores for refuge islands requirements  

Refuge Islands 
Requirements 

𝒓 Weights
(𝑾𝒓

𝟓)% 
Range of Existing Conditions Non-Compliance 

Score (𝑺𝒊,𝒓𝟓 )% 
Width 1 15 𝑊𝑖𝑑𝑡ℎ < 4.00	𝑓𝑒𝑒𝑡 100 

4.00 ≤ 𝑊𝑖𝑑𝑡ℎ < 5.00	𝑓𝑒𝑒𝑡 50 
𝑊𝑖𝑑𝑡ℎ ≥ 5.00	𝑓𝑒𝑒𝑡 0 

Running Slope 2 15 𝑅𝑢𝑛𝑛𝑖𝑛𝑔	𝑆𝑙𝑜𝑝𝑒 > 12 100 
12% ≥ 𝑅𝑢𝑛𝑛𝑖𝑛𝑔	𝑆𝑙𝑜𝑝𝑒 > 8.33% 50 

𝑅𝑢𝑛𝑛𝑖𝑛𝑔	𝑆𝑙𝑜𝑝𝑒 ≤ 8.33% 0 
Cross Slope 3 15 𝐶𝑟𝑜𝑠𝑠	𝑆𝑙𝑜𝑝𝑒 > 4% 100 

4% ≥ 𝐶𝑟𝑜𝑠𝑠	𝑆𝑙𝑜𝑝𝑒 > 2% 50 
𝐶𝑟𝑜𝑠𝑠	𝑆𝑙𝑜𝑝𝑒 ≤ 2% 0 

Detectable 
Warning 
Surfaces 

4 15 𝐷𝑊𝑆	𝑖𝑠	𝑛𝑜𝑛 − 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 100 
𝐷𝑊𝑆	𝑖𝑠	𝑝𝑟𝑒𝑠𝑒𝑛𝑡  

Vertical 
Changes in 

Level 

5 15 𝑐ℎ𝑎𝑛𝑔𝑒	𝑖𝑛	𝑙𝑒𝑣𝑒𝑙 > 0.5" 100 
0.5" ≥ 𝑐ℎ𝑎𝑛𝑔𝑒	𝑖𝑛	𝑙𝑒𝑣𝑒𝑙 > 0.25" 50 
0.25" ≥ 𝑐ℎ𝑎𝑛𝑔𝑒	𝑖𝑛	𝑙𝑒𝑣𝑒𝑙 > 0.0" 0 

Gutter 
Running Slope 

6 15 𝑟𝑢𝑛𝑛𝑖𝑛𝑔	𝑠𝑙𝑜𝑝𝑒 > 8% 100 
8% ≥ 𝑟𝑢𝑛𝑛𝑖𝑛𝑔	𝑠𝑙𝑜𝑝𝑒 > 5% 50 
5% ≥ 𝑟𝑢𝑛𝑛𝑖𝑛𝑔	𝑠𝑙𝑜𝑝𝑒 > 0.0" 0 

Gutter Cross 
Slope 

7 10 𝑟𝑢𝑛𝑛𝑖𝑛𝑔	𝑠𝑙𝑜𝑝𝑒 > 5% 100 
5% ≥ 𝑟𝑢𝑛𝑛𝑖𝑛𝑔	𝑠𝑙𝑜𝑝𝑒 > 2% 50 
2% ≥ 𝑟𝑢𝑛𝑛𝑖𝑛𝑔	𝑠𝑙𝑜𝑝𝑒 > 0.0" 0 

 
 
 
 


