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1 INTRODUCTION 

1.1 Overview of the Study 

Government agencies have made attempts to employ remote sensing to detect and analyze 

static and moving objects to provide communities with the information necessary to strategically 

planned transportation and infrastructure improvements for individuals using roads and sidewalks. 

High-resolution data could be a primary source of data for many complex dynamic urban 

environments. A high-resolution dataset not only can be used to extract and assess static objects 

such as sidewalls but also can evaluate vehicles passing maneuvers. Remote sensing sensors such 

as Light Detection and Ranging (LiDAR) and laser scanners can be adopted as an integral 

component in an accurate measurement and assessment process.  

LiDAR and laser scanner sensors supply a high-resolution source of data which can 

synchronize and generalize data with an Inertial Measurement Unit (IMU). The LiDAR 

continuously measures and captures the data and integrates data with the IMU. Detecting and 

generalizing the complex objects and maneuvers can be enhanced using LIDAR and laser scanner 

in point cloud data (PCD). Mobile and static objects such as sidewalks and vehicles can be detected 

and evaluated in PCD shaped by three-dimension LIDAR and laser scanner information. 

Furthermore, the LIDAR data also provide an opportunity to track the speed and distance of 

motorists and bicyclists while passing maneuvers; however, laser scanner data mostly can be used 

to detect fixed objects such as sidewalk, curbs, and ramps.  

Remote sensing analysis is beneficial; however, it generates big size data. Manual object 

extraction and evolution is time-consuming; therefore, automated algorithms are essential in the 

trajectory detection process. A comprehensive set of data would help the city officials in utilizing 

the interaction of static and mobile objects features. The accessibility of individuals with 
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disabilities has been taken into consideration, whereas the focus was on the assorted variables, 

including topography (ramps, slopes), accessible routes, curbs, alternate routes, boards, signage, 

facility maintenance, social barriers, and access to the public transportation services such as buses 

or taxies. 

 

1.2 Scope of the Study 

Object detection, clustering, and analysis are significant factors in analyzing the behaviors 

of drivers, bicyclists, and pedestrians. This dissertation addresses the static and dynamic object 

detection problem using LiDAR and Laser Scanner. Laser scanner data was analyzed to provide 

facilities for individuals with a disability in accordance with the ADA regulation. Obje To some 

extent, autonomous vehicles must have a comprehensive algorithm to detect and analyze obstacle 

detection, recognition, and analysis. They must also examine vehicles and bicycles as well as 

infrastructure elements such as sidewalks, ramps, and curbs. Laser scanner as a fix scanning device 

produces massive point cloud data with high accuracy, which can be used to detect fix and complex 

objects such as ramps and curbs. LiDAR can be used as fixed and moving devices, which supplies 

point cloud data with a smaller number of points and is most efficient in object detection. 

 The methods proposed in the present study focused on point information for laser scanner 

data as well as point and pixel information for LiDAR data classifications. For object detection in 

both LiDAR and laser scanner, PCD point based detection is common in order to use point 

information-based detection. In LiDAR data processing, however, pixel boundary is used to limit 

the object’s relevant points. After detecting and recognizing objects in laser scanner data, objects 

will be analyzed based on the ADA regulation. Moreover, with the detection and recognition of 

objects in LiDAR data, the driver’s behavior toward objects in different frames can be further 
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distinguished. 

Operating speed and moving vehicle speed, as well as moving distances, further impose 

requirements on maximum detection distance and reading frequencies. In LiDAR data processing, 

detection box was developed to analyze the driver’s behavior. Detection box was limited to 18ft 

longitude and 33ft in latitude distance from the LiDAR. A semi-automated method was developed 

to meet the object tracking requirements. 

 

1.3 Americans with Disability and Limitations 

Individuals with disabilities have rights, according to the movement laws to defend their 

equality with all society members. The Americans with Disabilities Act (ADA) advocates for the 

rights of individuals with disabilities and provides excellent services for those with disabilities to 

live within the community. The ADA 1990 is a civil right statute, prohibiting discrimination 

against individuals with disabilities (Americans with Disabilities Act 1990, 1991). As a necessary 

step to provide accessibility under the ADA, the local public entities are required to perform 

inventories for their current facilities. Among other cases, the ADA requires access to the roadway 

paths such as sidewalks and curbs. The information developed through the inventory (or self-

evaluation) process must be quantified and presented as a baseline so that the progress can be 

monitored and measured. The ADA Application Guideline (ADAAG) is a primary set of laws 

dealing with the disabled individuals’ needs for technical requirements in planning and designing, 

including the construction facilities tailored to the conditions of individuals with disabilities. The 

primary goal of this study is to provide an automated process solution as one of the fastest and 

securest ways of checking the accessibility of the existing facilities for ADA. Since there are 

numerous incentives to complete an ADA transition plan to act as valid defenses in ADA-related 
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legal actions, there have been a lot of measures adopted to foster more walkable, attractive, and 

livable communities. The overall completion of an inventory of the physical barriers can be a 

daunting task for municipal budget and staff constraints.  

Stakeholders are responsible to provide accessibility for individuals with disabilities, 

particularly access to route facilities such as sidewalks and curbs. This includes individuals 

concerned with transportation and construction projects. In 2000, the analysis conducted by the 

US Congress showed that 20% of Americans have disabilities. Moreover, the number of 

individuals with disabilities increases as the population ages. Obviously, individuals with 

disabilities are more concerned with the use of public facilities, especially sidewalks (Kockelman 

et al., 2000). 

A series of demanding compliances are required to evaluate the facilities at various levels. 

New constructions need to consider ADA or ADAAG and the Uniform Federal Accessibility 

Standards (UFAS) (as long as it is applicable) in the design and construction phases (Kockelman 

et al., 2000). For the existing facilities, however, the ADA requirement checklist needs to be 

observed. The ADAAG provides a list of the vital features to be checked in numerous steps from 

planning to construction in the new and existing transportation and construction projects. On the 

other hand, the conventional methods of checking the roadway facilities are usually time-

consuming and costly, and it is hard to maintain the facilities in a convenient timeframe (Ai & 

Tsai, 2016). The most essential guideline regarding the accessible design is the UFAS, which 

should be observed in all construction phases (Steven Winter Associates, 2017). 

ADA is one of the first comprehensive civil right laws to support individuals with 

disabilities and to protect them against discrimination imposed by their disabilities. The ADA is 

divided into five sections addressing different areas of public life such as employment, programs, 
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and activities of state and local government entities (design criteria for the environment, 

transportation, communication, medical diagnostic equipment, and information technology), 

private entities considering the places with public accommodation. 

As a necessary step to provide the accessibility under the ADA, the state and local entities 

are required to evaluate their current facilities according to the accessibility requirements of this 

act. Further, these public entities are required to develop a transition plan, which describes the 

accessibility act for non-compliances within the public right of way. Accordingly, the accessibility 

act of non-compliances will be modified, scheduled, budgeted, and monitored for progress and 

compliance. The evaluation process for accessibility can help communities to solve problems and 

leads to positive changes benefiting those with disabilities (Jacobs Engineering Group, 2009). 

In the long term, improving the accessibility for individuals with disabilities may reduce 

paratransit demand response services. Enhancing accessibility is especially important in terms of 

the high costs of demand-response transit services (which can be four times as much per as fixed-

route bus service (Fei & Chen, 2015)) and aims at a rapidly growing older and limited mobility 

population. For instance, the US Census Bureau estimates that 19.5% of the Michigan population 

will be 65 and older by 2030— 38.1 % increase in comparison to 2015—whereas the total 

population of Michigan is estimated to grow by less than 1% within the same period (State 

Population Projections by 2030, Michigan Department of Technology, Management, and Budget, 

2016). 

 

 It should also be noted that improved accessibility via ADA compliance brings the 

benefits not only to individuals with disabilities but also to the whole community at a large scale 

(McCann, 2013). Recent investigations regarding transportation have revealed that the public 
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right-of-way accessibility brings a more livable community (Burden, 2000). 

The ADA was passed almost unanimously by US Congress and signed by President George 

H.W. Bush on July 26, 1990. The Department of Justice was settled in Toledo, Ohio, where it was 

agreed to remove the barriers for individuals with a disability (Settlement Agreement Between the 

United States of America and Toledo, Ohio, 1999). Since then, the Disability Rights Section (DRS) 

of the Department’s Civil Rights Division monitored several other local and state governments to 

develop technical assistance checklists. The checklists of local agents could be immediately used 

to become fully compliant with the requirements of the ADA (Project Civic Access Fact Sheet, 

2018). 

 The above project now includes more than 222 settlement agreements with 

localities in all 50 states, including four Michigan communities (Burton [2004], Detroit [2004], 

Mount Pleasant [2001], and Muskegon [2010]). In most of these cases, the compliance reviews 

were undertaken for the Department’s initiatives under the authority of Title II Section 504 of the 

Rehabilitation Act of 1973. Hence, the governments receive financial assistance from the 

Department and are prohibited by the Act from discrimination against disability. In other cases, 

reviews were undertaken in response to complaints filed against the localities in cases which the 

communities had inaccessible programs or facilities and lacked an up-to-date transition plan 

(CMAP, 2012). 

 The first step in preparing an ADA transition plan is to conduct an inventory of the 

existing physical barriers to accessibility (i.e., a self-evaluation process). Different deficiencies 

were frequently reported in an inventory of the pedestrian facilities in public rights-of-way, 

including sidewalks, pedestrian paths, and curb ramps, etc. The information developed through the 

inventory process should be quantified and presented as a baseline so that the progress can be 
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monitored and measured. 

Since more compelling incentives for a comprehensive ADA transition plan are 

implemented, the completion of such a plan and the inventory of existing the physical barriers, in 

particular, can be a daunting task. The combination of budget and staff insufficiencies make the 

inventory process extremely challengeable to be completed. For instance, a survey sponsored by 

the National Cooperative Highway Research Program showed that the budgetary constraints on 

staffing and supporting ADA programs were significant factors to complete the tasks of the 

transition plan (Jacobs Engineering Group, 2009). As a result, many transition plans tend to stall 

in the inventory phase, either awaiting a full completion of self-evaluation activities or unable to 

collect data and develop priorities for remediation. 

 

1.4 ADA and Technology 

The explosion of new technology in data processing has changed the automated analysis and 

assessment conditions. This research presents a new-brand of algorithm analysis to assess the 

accessibility compliance of the current facilities based on the PCD analysis technique. A set of 

data points are needed as a database to begin the analysis. Raw data were collected in X, Y, and Z 

coordinates referring to PCD to represent the surface, which preserves the flexibility and accuracy 

within the new and existing transportation facilities. 
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1.5 Cyclist and Limitations 

In 2016, the National Highway Traffic Safety Administration (NHTSA) reported more than 

11 bicyclists being killed in a total of 2000 traffic fatalities from 2015 in the United States. In 

2016, there were 840 bicyclists killed in traffic crashes, and this number had steadily increased 

from 628 in 2009. The numbers represent a 34 percent increase in accidents from 2009. Seventy-

one percent of pedal cyclist’s fatalities have occurred in urban areas. Additionally, more than 50 

bicyclists were killed on shoulder/roadside, more than 33 of whom were killed using the bicycle 

lane. Kay et al. (2014) study show that motorists do not share the road fairly with the pedal cyclist 

(Kay. et al., 2016).  

The detection and evaluation of the motorist and pedal cyclist’s interactions are essential 

to facilitate a better understanding of overtaking in the metropolitan areas. Thus, the overtaking 

analysis of motorist and bicyclists is one of the main factors that could affect interactions. The set 

of speed and distance data for vehicles which overtaking bicyclists would generate a valuable 

dataset to be used in a micro traffic level analysis of the motorist and bicyclist interactions. 

However, the accurate speed and distance of overtaking measurements are vital for overtaking 

analysis; therefore, the feature data from bicyclists and motorists are needed to analyze different 

road types at the highest possible accuracy to have an overview of bicyclist and motorist 

interactions. 

Transportation agencies are to use remote sensing to detect and analyze the trajectories of 

mobile objects’ such as cars and bicycles to generate the bicyclist’s perceived level of clearance. 

It is desirable to have an automated platform to detect vehicles and bicycle maneuver in order to 

measure passing characteristics based on the high-resolution datasets in the complex urban 

environment. Furthermore, high-resolution data could be a primary solution for many complex 



9  

dynamic urban environments. A high-resolution dataset can be used to extract and assess passing 

maneuvers automatically. Remote sensing sensors such as Light detection and ranging (LiDAR) 

and laser scanners can be used as an integral component in an accurate measurement and 

assessment process.  

LiDAR technology supplies a high-resolution source of data which can synchronize and 

generalize data with an inertial measurement unit (IMU). LiDAR continuously measures and 

captures the data and then integrates data with the IMU. Detecting and generalizing the complex 

maneuvers could promote the use of the LIDAR data. Objects such as vehicles and pedestrians are 

extracting from data processing phases which are shaped by three-dimension LIDAR information. 

LIDAR data also provide an opportunity to track the speed and distance of motorists and bicyclists 

during passing maneuvers. Remote sensing analysis is beneficial; however, it generates big size 

data. Manually interrogating overtaking maneuvers information is time-consuming; therefore, 

automated algorithms are essential in the trajectory detection process. A comprehensive set of data 

would help city officials in utilizing the features of interactions between motorists and bicyclists 

such as bicyclists and motorists for the speed and distance analysis. 

 

1.6 Cyclist and Technology 

U.S. Department of Transportation (U.S. DOT) in 2003 introduced the vehicle-infrastructure 

integration (VII) systems such as remote sensing in vehicle and infrastructure communication 

systems to improve mobility and safety (Farradyne, 2005). Most recent remote sensing instruments 

can be employed to detect objects, make a classification, and provide tracking data. Data collection 

of advanced remote sensing instruments have been developed over time. LIDAR is classified as a 

high-resolution sensor that can operate to achieve the defined research goals (Antonellis, 2017). 
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For instance, A Velodyne V16 LIDAR can generate up to 600000 coordinate positions of the 

surrendering conditions. In addition, LIDAR has a 360-degree horizontal and a 15-degree vertical 

field of view (Velodyne, 2018). However, in the way of contrast individuals have an approximate 

front-horizontal view field of 210-degrees (Traquair, 1927).  

Kidono (2011) defined light detection and ranging as a horizontally scanning laser scanner, which 

generates the point cloud data. The dataset generated by LIDAR provides high-resolution 

environmental perception opportunities. Remote sensing sensors such as the LIDAR and laser 

scanner which are usually set up in the stationary or mobile mode can supply a three-dimension 

dataset and would be used in the object detection procedure. The LIDAR produces an accurate 

measurement of object characteristics in the PCD environment. The point cloud data are used to 

extract different surfaces of the motor vehicles and bicycles in overtaking maneuver detections. 

There are many techniques to detect and measure objects in the point cloud data, including 

grouping methods or segmentation methods which are used in the first stage of this research. In a 

three-dimension trajectory detection method, data directly retrieved from LIDAR are converted to 

PCD. However, processing large sets of data such as point cloud data processing is time-

consuming. An automated algorithm was developed to overcome the discussed limitations. 

The LIDAR and laser scanner technology are affected by machine learning technique (e.g., 

autonomous cars and automated measurements) accompanied by many advances having been 

achieved in the field. In general, the integration of LIDAR data and machine learning techniques 

have brought many benefits to the users in terms of reducing the time consumption and increasing 

the accuracy of data processing. Many powerful algorithms have been developed for the 

classification and regression of the data such as the k-Nearest Neighbors (KNN) at least squares, 

k-Nearest Neighbors, and Support Vector Machine (SVM). Vehicle and bicycle feature detection 
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is a primary goal in this investigation. In object detection, the determination of a smooth and 

reasonable boundary is required to track the mobile objects.  

Pucher’s (2017) research showed that cycling is one of the most rapidly developing sustainable 

transportation modes (Pucher 2017); therefore, state agencies have become interested in providing 

a safe and comfortable bicycle infrastructure. Reviewing previous studies generally shows that 

geometric road information and speed limits can affect the drivers and bicyclists’ behaviors 

considering different transportation’s infrastructures (Evans et al., 2018; Parkin et al., 2010; and 

Mehta et al., 2015). Studies indicate that many states have passed laws to provide adequate 

clearance for motorists passing bicyclists when the drivers are overtaking a cyclist. According to 

this legislation, drivers must pass cyclists at a lateral distance of more than three feet (Burbidge et 

al., 2018). The interaction between speed and safe passing distance, however, is not empirically 

determined. Marco 2016 has broken down the behavior of drivers’ overtaking cyclist in a 4-step 

model. These four steps encompass the vehicle approaching bicycle, steering away, passing zone 

and returning mode (Dozza et al., 2010). Moreover, different overtaking strategies considered in 

previous studies are the flying strategy, the accelerate strategy, and the piggy backer’s strategy 

(Wilson et al., 1982).  

This technology offers an integrated solution to implement complex issues in a sustainable way in 

megacities, called “smart cities.” Smart cities use different types of technology to integrate all data 

and platforms to provide a higher quality of life (Van der Hoeven et al., 2017). Smart cities need 

to develop a bicyclist infrastructure monitoring system to provide safe and comfortable bicycle 

facility in order to increase the bicyclist’s perceived level of comfort. Real-time data processing 

facilitates the use of big data (Malik et al., 2017). Smart algorithms play an important role in 

improving service quality through accelerating and coordinating data processing in smart cities. 
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1.7 The Impact of Measurement Equipment on an Analytical Process 

Efforts have been made in developing the measurement systems that combine sensing technologies 

with a mobile platform to explore a cost-effective approach for data collection in the self-

evaluation step. LiDAR is a survey technology that collects spatial information based on the 

distance traveled by a laser beam; thus, it is also called laser scanner. LiDAR is widely used in 

surveys and 3D model creation for many industrial sectors because of its high accuracy (i.e., 

millimeter level accuracy). In the construction industry, each project includes many different tasks, 

which could benefit from new visualization and automation measurement-interfacing techniques. 

Recent developments in terrestrial LiDAR, GPS, and inertial measurement unit provide the 

grounds to collect 3D point clouds with high frequency and accuracy, which in turn lead to high 

accountability and high quality of city model reconstruction and road feature extraction. 

Identifying accessibility compliance is the main goal of our attempts in developing an automatic 

analysis approach. The collected datasets need to be segmented to check the compliances. Each 

segment represents an object in the PCD.  

PCD is used to generate a 3-dimension surface with particular coordinate information for each 

segment, which may be used in facility’s evaluation process to analyze the accessibility of the new 

and existing public facilities for ADA compliance. The laser scanner is one of the most stable and 

accurate measurement equipment that can provide X, Y, and Z coordinates.  

These scanners are significantly developing these days. In 2000, laser scanners could 

approximately collect around 1000 points per second, and they can now collect around a million 

points per second (Geosystems, 2017). This increase provides more precise and clear observation 

to record the surrounding environment. 

In this research, a Leica C10 laser scanner with the capability of reading up to 50000 points per 
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second was used. Laser scanner collected point cloud data employed for surface modeling of as-

built objects in an accurate mensuration of the objects (Argüelles-Fraga et al., 2013). Such laser 

scanner data is also widely used to detect static and moving objects in the fields (Sun et al., 2018). 

In this research, a Leica C10 laser scanner was used, which can read up to 50,000 points per second. 

Laser scanner collected point cloud data has been employed for surface modeling of as-built 

objects for an accurate mensuration of the objects (Argüelles-Fraga et al., 2013). Such laser 

scanner data is also widely used to detect static and moving objects in the fields (Sun et al., 2018). 

 

1.8 Object Detection in PCD 

Nowadays, road features are getting more complicated, leading to more complex complaints 

regarding urban environments. Commonly, PCD produces a rich source of data, which needs to 

undergo a PCD processing to identify and detect the objects in the target. It is essential to extract 

objects such as edges, pedestrians, curbs, and ends from the PCD. Over the past few years, many 

efforts have been made for the detection of objects such as buildings, doors, etc. from the PCD 

(Wang et al., 2014). Cluster analysis, which is a massive PCD processing that contributes to the 

recognition of different naturally clustered groups or structures, is one of the primary methods for 

massive data analysis to detect objects. In other words, clustering can create a set of meaningful 

subclasses of data, which makes it easier to detect different objects (e.g., Curbs, Ramps) in 

comparison to the direct detection in the whole dataset (Ankerst et al., 1999). Figure 1 shows the 

PCD data processing that would be essential for high-level sensing tasks such as simultaneous 

localization and mapping to detect an object (Wang et al., 2003). Wang et al. (2003) evaluated a 

mathematical framework that integrated simultaneous localization and mapping to detect an object 

and to help with detecting and tracking moving objects. 
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Figure 1 3D laser scanner point cloud data 

 

1.9 The Role of Automation in the Analysis Process 

The automation in accessibility assessment facilitates the realization of compliance through the 

following steps:  

1. Conducting automatic data analysis and reviewing as the best practice, which allows more 

time for interpretations. It facilitates the federal or state agencies’ self-evaluation process;  

2. Boosting productivity through automation of the calculation process by using the 

algorithms, where the PCD processing would, otherwise, be time-consuming; and 

3. Improving the efficiency and accuracy of ADA evaluation in the same way as most 

automated systems. 

The manual evaluation methods faced different problems, which need to be considered in this 

automated method, including the classification of ground surfaces, intersections, cars, pedestrians, 

vegetation, poles, sidewalks, and construction options (Bisio, 2016). 
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Completely different scopes –like ground surfaces, intersections, cars, pedestrians, vegetation, 

poles, sidewalks, and building options—need to be considered in the automated method. Isolating 

the noise and eliminating the number of errors in the data and unnecessary points to layers is one 

of the foremost and vital benefits of the automated method. In addition to classifying planes and 

ground surfaces, it also extracts edges, pedestrians, curbs, and ends. The advantages of automated 

modeling and identification are significant. In scanning a public environment with many 

intersections and a thousand miles of sidewalks and curbs of various classifications and styles, the 

automatic identification and modeling would save the cost and time (Bisio, 2016). 

 

1.10 Contribution of the Study 

This dissertation presents several methods and approaches for Laser scanner and LiDAR-based 

fixed and dynamic object detection in a complex urban environment. One approach classifies point 

clouds from a laser to detect objects such as curb ramps and sidewalks, while another approach 

classifies point cloud data from a LiDAR to detect moving vehicles. The proposed methods and 

their experimental results are summarized in the following chapters. The presented data, collected 

data, and proposed approach in the urban environment to analyze fixed and moving objects 

encompass some contributions and novelties. This dissertation addresses two core problems in 

laser scanner and LiDAR-based object detection and analysis. The main contributions of this study 

are as follows: 

• A multi-model dataset for static objects in accordance with the ADA regulation.  

• An automated procedure to detect, cluster, and save object analysis and data 

• A multi-corridor dataset for dynamic objects in order to conduct driver’s behavior analysis.  
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A semi-automated procedure to detect, cluster, and analyze object analysis in order to produce 

trajectories and driver behaviors.  
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2 STATIC OBJECT DETECTION 

2.1 Overview 

The ADA 1990 includes the civil right laws that require the same general protection for individuals 

with disabilities as those given to other individuals on the basis of race, sex, national origin, and 

religion under the Civil Rights Act 1964. Ramps and curb ramps along accessible routes in public 

are required. These requirements are applicable wherever the sidewalks meet. The ADA intends 

to address all public facilities in the long term to provide services to the public. The public facility 

ought to be made accessible to individuals with disabilities through an endless unobstructed 

pedestrian circulation of networks. Therefore, once altered, most streets (except for rural roads 

associated with highways) need to construct an accessible pathway wherever possible (Pölzlbauer 

et al., 2012). 

An accessible route is a roadway specifically designed to provide access for people with 

disabilities, including those who need a particular width and require passing areas for their 

wheelchairs or other mobility devices. The accessible routes are required wherever a circulation 

of ways is altered or designed. The allocation of the public facility to individuals with disabilities 

will contribute to cities and turn into various structures. 

The main ADA checklist for the existing facilities includes: 

1. Travel route, stair, stable, firm and slip-resistant, 36 inches wide, protruding into the

circulation paths. 

2. Ramps with a slope of 1:12 (i.e., one-inch height increases per 12 inches of the ramp). For

a 1:12 slope, at least one foot of ramp length is required. Ramps longer than 6 feet (1.83 m) should 

have railings on both sides, railings sturdy. The railings should mostly be between 34 (0.86 m) and 
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38 (0.96 m) inches of height, and the width between railings or curbs must be at least 36 inches. 

3. Parking and Drop-Off Areas should be 8 feet wide for the car plus 5-foot access aisle, 8-

foot-wide spaces, with minimum foot wide access aisles, and 98 inches of vertical clearance 

available for lift-equipped vans). 

4. Building Entrances (If there are stairs at the main entrance).

Table 1 shows the accessibility guidelines for accessible routes according to different regulations. 

The following values indicate the necessity of measuring different aspects of path accessibility. 

Table 1 Accessibility guidelines for accessible routes 

Source Maximum Allowable 

Running Grade 

without Handrails 

Maximum Allowable 

Running Cross 

Slope 

Maximum 

Allowable Vertical 

Change in Level 

ADA Standards for 

Accessible Design 1 (US 

DOJ, 2010) 

5.0% 2.0 % 6.4 (mm) 

In Table 2, the guidelines for curb ramps for ADA and ADAAG are presented. The 

requirements for curb ramps apply just to the ramps that go through curbs or are constructed up to 

the ramp (Figure 2). 
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Table 2 Accessibility guidelines for curb ramps (CR) 

Source Maximum 

Slope of Curb 

Ramps 

Maximum Cross-

Slope of Curb Ramps 

Maximum Slope of 

Flared Sides 

ADA Standards for 

Accessible Design (US DOJ, 

2010) 

8.33 % 2.0 % 10.0 % 

Figure 2 Curb ramps (CR) of the slope 

According to the literature review, the accessibility for individuals with disabilities has been 

attended, whereas the focus has been on the assorted variables, including topography (ramps, 

slopes), accessible routes, curbs, alternate routes, boards, signage, facility maintenance, social 

barriers, and access to the public transportation services such as bus or taxi. In this research, a new-

brand analysis technique is proposed based on unorganized PCD measurements. This approach 

can measure existing facility components by employing a Leica C10 laser scanner to scan the case 

study area. The automated algorithm will provide reliable analysis measurements and results for 

evaluating ADA compliance of the infrastructure facilities. This study aims to assess the reliable 

routes for those who need to have access and use federal or state roadway facilities through an 

automatic measuring technique for ADA roadway users. 
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2.1.1 Proposed Approach and Algorithm 

Manually checking the compliance of roadway’s infrastructures with ADA requirements is time-

consuming, costly, and error-prone (Thi & Helfert, 2017). The primary aim of this study is to 

develop an approach and corresponding algorithms using the manipulated standard algorithm to 

automatically evaluate the compliance of transportation and construction infrastructures/facilities 

(i.e., ramps, curbs, and alternate routes) with ADA based on the analysis of the PCD. Detecting 

the status of route accessibility is essential in this analysis, which is carried out by analyzing 

quantitative features (e.g., width, depth, and the slope of curb ramps, and sidewalks) of the 

roadway infrastructure and comparing the results with the regulated requirements. A critical step 

in this research was to classify the infrastructure/facility components (e.g., for the curb ramp and 

sidewalk). In the present study, two significant steps were adopted: (1) detecting the normal 

surface of planes; and (2) segmenting the point cloud into separate datasets to represent potential 

objects. The following four steps describe the fully automated segmentation and tracking of 

transportation infrastructure: 

Data acquisition and pre-processing: Scanning the environment with the laser scanner. The PCD 

data collected from the laser scanner is pre-processed by importing into PCD platforms (e.g., 

Microsoft Visual Studio, Cloud Compare, and Cyclone). PCD will be thus cleaned up and 

organized; 

Data processing: In this step, the PCD data is filtered with respect to the point coordinates 

information, outlier removal (K-nearest point), and normal estimation; 

Classification: Enormous information (such as points coordinates and colors) was captured in PCD 

by the laser scanner. After preprocessing and processing steps, PCD still has random objects, 
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which need to be classified based on their features. In this step, plane normal vector information 

was used to extract different surfaces such as roads, sidewalks, and ramps; 

Feature extraction: PCD is classified based on the plane vectors. Each surface has some unique 

information used to classify objects. After such a classification, each object has geometric 

information such as slope, width, and length. This information was employed to analyze the ADA 

requirements such as sidewalk width or ramp slope.  

A summary of the proposed methodology is depicted in Figure 3. 
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Figure 3 The proposed methodology 
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Distance Traveled: 7,082 

Total Number of Elements in Point Cloud: 83,133,779 

 

Figure 75 Bicycle trajectory in Portage Ave. 

  

 

Figure 76 Portage Ave trajectories 
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Distance Traveled: 6,615 

Total Number of Elements in PointCloud: 46,685,681 

 

Figure 77 Bicycle trajectory in Portage Ave. 

  

Figure 78 Portage Ave trajectories 



122  

Distance Traveled: 4,474 

Total Number of Elements in PointCloud: 67,702,547 

 

Figure 87 Bicycle trajectory in S Main Street 

 

 

 

Figure 88 S Main Street trajectories 


