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Research Objective

• To develop practical guidelines that can be 
used by practitioners to collect, process and 
manage roadway asset inventory data 



Summary of Practice

• Advantages & Disadvantages of Common Data 
Collection Techniques
– Manual methods are best for assets that 

can’t be seen from the travel lanes. 
Traditionally, this method is labor intensive.

– Automated (mobile) techniques allow 
collection of multiple assets at traffic 
speeds – but they must be visible from the 
traffic lane

Presenter
Presentation Notes
I want to spend the bulk of my time on the content of the Guide, so I won’t cover everything we found from our literature review.  But, I did want to highlight a few important findings that shaped the approach we took for developing the Guide.



Summary of Practice (Synthesis 470)

• Manual methods are most common for building 
asset inventories

• Manual methods may use handheld computers 
and GPS units

• After pavements & bridges, the most common 
asset inventories include (>20 of 28 states):
– Culverts, overhead sign structures, signs, 

signals, variable message boards, impact 
attenuators, pavement markings, guardrail 
end treatments, & rest areas

Presenter
Presentation Notes
After pavements and bridges, the most common asset inventories included culverts, rest areas, and many traffic items.  But there are many other assets included in MQA programs.  In the drainage area, there are also curbs and gutters, ditches/slopes, and underdrains/edgedrains.  Roadside includes fences, landscaping, plant beds, and sound barriers.  Special facilities, also included tunnels, weigh stations, and traffic monitoring systems.



Summary of Practice - Trends

• Interest in performance-based decision 
making is increasing, so inventories will 
become more important

• Limited resources are available to collect data
• Agency staff need to develop new skills to take 

advantage of new technology
– GIS training, database skills, communication 

expertise, working knowledge of computers
• Data must be highly reliable to  be used to 

monitor contractor performance

Presenter
Presentation Notes
Based on the experience of the research team, and the knowledge gained during this project, the following general trends are observed in how state DOTs are building or updating their roadway asset inventories.
 
As agencies realize the benefits associated with performance-based decision making, there will be increasing interest in using performance data on assets other than pavements and bridges for establishing and defending budget needs, allocating funds, and documenting the effectiveness of investments.  Additionally, as agencies evaluate and manage risks from an enterprise level, they will recognize that the availability of reliable data on key assets can help mitigate some of the agency’s risks.   As a result, transportation agencies are expanding the scope of their data collection projects and will continue adding assets to their roadway inventories.
Limited resources will continue to force transportation agencies to be more effective with their data collection efforts by finding additional uses for the data and/or collecting more data with each pass.  The development and use of data governance standards and the availability of tools that allow the integration of data sets, will become increasingly important to realize these efficiencies.
Transportation agencies are recognizing that their workforces need to develop new skills to fully utilize the new technology or that non-traditional hires are needed to provide the necessary capabilities.  Individuals with GIS training, database skills, communication experience, and working knowledge of computers and technology are helpful in turning data into useful knowledge.
As traditional DOT functions are privatized, transportation agencies will need to develop strategies for using data to monitor the contractor’s activities.  For instance, pavement condition data used to monitor a treatment warranty may require a higher level of data reliability than the data used to report network conditions.  How to meet these demands using technology will become an important priority in the future.




Introduction to the Guide

• Included as the Appendix to the final report
• Can be printed as a stand-alone document
• Focused on three forms of technology:

– Manual
– Photogrammetry
– LiDAR



Introduction to the Guide

• Organization
– Chapter 1 – Introduction
– Chapter 2 – Data Collection Methods
– Chapter 3 – Guidelines
– Chapter 4 – Future Directions
– Appendix A – Sample Data Dictionary
– Appendix B – Sample RFP Content



4-Step Process

Presenter
Presentation Notes
Change to highlight just the step



1. Getting Ready to Select a 
Methodology
• Select assets to include in the inventory
• Determine constraints on budget, available 

personnel, etc.
• Identify users and encourage higher 

participation
• Develop data dictionary and document attributes



4-Step Process

Presenter
Presentation Notes
Change to highlight just the step



2. Selecting a Methodology

• Determine asset visibility from the roadway 
surface

• Identify accuracy requirements 
• Determine agency maturity to fully utilize the 

data provided
• Consider safety standards
• Evaluate resources to collect & maintain data
• Identify other data collection efforts

Presenter
Presentation Notes
Utah DOT uses LiDAR for collecting most of its roadway asset data, its inventory of drainage assets and underground utilities was established by part-time interns using manual data collection techniques
Digital images from photogrammetry and LiDAR can be used by safety to study relationship of crash sites and presence of barriers





Manual Photogrammetry Mobile LiDAR
Equipment No specialized 

equipment
ROW cameras Dedicated

equipment, software 
and training

Type of assets 
inventoried

All, including 
drainage 
structures

Only assets 
visible from 
roadway

Only assets visible 
from roadway, within 
range

Accuracy ± 5-10 ft. ± 1-3 ft. ± 3-5 in. 

QA and adding 
new elements

Requires re-
survey

Images can be 
reused

Spatial data can be 
reused

Collection speed Slow Traffic speeds Traffic speeds

Safety High exposure Low exposure Low exposure

File size Manageable Large files

Do We Have A Clear Winner?

Presenter
Presentation Notes
Manual surveys are labor intensive, It is best applicable to inventory assets not visible from roadway surface or to collect limited data
Asset dimensions can be measured by manual and LiDAR surveys
Photogrammetry inventory development can be combined with automated pavement condition surveys
LiDAR data can be used by multiple divisions with in the agency
The storage and handling of LiDAR files needs special attention

Based on the considerations, different agencies will have a different choice




4-Step Process
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3. Collecting the Data

• Secure equipment or vendor
• Develop data collection protocols for resolution, 

accuracy, repeatability, acceptance testing, etc.
• Conduct training and calibration for better quality 

control
• Conduct acceptance testing to help identify 

malfunctioning equipment, anomalies, 
completeness, and reasonableness of data

Presenter
Presentation Notes
- Automated data collection vendors and agencies have found it helpful to establish multiple year (2-4 years) RFPs to ensure consistency




Guidelines for Developing or Updating 
a Roadway Asset Inventory

Presenter
Presentation Notes
Change to highlight just the step



4. Processing and Managing Data

• Develop in-house expertise to understand 
capabilities and limitations of technology

• Formulate processing procedure and limit time 
at workstations to 2-hour slots

• Provide users access to data in an easily 
useable format

• Address organizational issues to promote the 
greatest use of the data 

• Implement data governance standards
• Plan for inventory updates

Presenter
Presentation Notes
The data sets associated with automated data collection are often very large and may need to be condensed to a more manageable size for others to use the data.
If the agency acquires a statewide license for the workstation viewing software, most users could access the images at a workstation.  However, this may require training on an on-going basis, so the agency should make provisions for this
In some cases, agencies have required a data collection vendor to deliver the processed data with a graphical interface that will enable personnel from throughout the agency to view the information.




Introduction to the Guide - Highlights

• Includes tips from practitioners 
Agencies using automated data 
collection vendors have found it 
helpful to establish a contract 
period that covers at least two data 
collection cycles to help ensure 
consistency.  For instance, an 
agency may establish a contract for 
one data collection cycle with an 
option to renew the contract for 
another cycle if the agency is 
satisfied with the vendor’s 
performance.
----------------------------------------

While the Utah DOT uses 
LiDAR for collecting most 
of its roadway asset data, its 
inventory of drainage assets 
and underground utilities 
was established by part-time 
interns using manual data 
collection techniques.



Introduction to the Guide - Highlights

• Summarizes 
considerations 
for each of the 
three 
methodologies

• Includes tips to 
“accelerate the 
learning curve”



Future Directions

• Data collection activities will serve multiple 
purposes

• Automated inventories are becoming more 
common

• Mobile LiDAR is most beneficial when an 
agency can use it in conjunction with other 
agency needs

• Emerging technologies are under 
development that may influence future data 
collection efforts

Presenter
Presentation Notes
As technology continues to advance, a number of technologies that are currently either in the development phase or undergoing feasibility testing may become viable additions to the methodologies considered in the guide.  Some of the more promising technologies available are presented in the remainder of this section.
 
360-Degree Camera
One emerging technology is the development of a camera that consists of six lenses, positioned complementary to one another, providing a 360-degree horizontal perspective of an area.  The camera uses mathematical algorithms to stitch together the various images to create the 360-degree view of the roadway.  One of the six cameras is positioned vertically rather than horizontally to create a spherical view. These images, as in photogrammetry, are linked with GPS coordinates to identify field locations of the extracted data.  This technology may provide additional benefits to traditional photogrammetry techniques in situations that would benefit from a 360-degree perspective, such as intersections and interchanges. 
 
Flash LiDAR
In contrast to mobile LiDAR in which every single point is illuminated individually with a laser, flash LiDAR illuminates a whole scene at once.  As a result, each pixel provides an indication of the amount of time that passed for the camera’s laser flash pulse to hit the targeted asset and bounce back to the camera’s focal plane.  The time measurements are resolved using the speed of light, resulting in a 3-D image from the depth measurements for each point.  Flash LiDAR is currently being tested for applications in the military and automobile industry due to its ability to provide real-time information.  Flash LiDAR is also referred to as time-of-flight (TOF) cameras. 
 
Airborne LiDAR
Aerial or airborne LiDAR has been around for several years but its use has been limited due to Federal Aviation Agency (FAA) flight restrictions that were imposed to avoid any conflicts with air traffic.  Airborne LiDAR captures data on a scale that lends itself more to design and planning activities rather than building roadway asset inventories.  For example, scans from airborne LiDAR have been used to create 3-D models of complex objects, such as piping networks, roadways, archeological sites, buildings, and bridges.  Airborne LiDAR has also been used on large, civil engineering projects to assist with grading, utilities, drainage analysis, erosion control, and roadway design.  It has also been used by the military and in the archaeological and agricultural fields.  
 
There are several advantages to airborne LiDAR that make the technology appealing to the transportation community.  For example, objects can be measured remotely without interfering with traffic.  In addition, the equipment can be operated under a variety of weather conditions and its sensors are not affected by low sun angles.  Airborne LiDAR can even be used at night.
 
In the past year, the FAA has granted approval to four companies to fly commercial drones to conduct aerial surveys, monitor construction sites, and inspect oil flare stacks (USA Today 2014).  The results of the trials are expected to influence the future use of this technology. 




For a Copy of the Guide

Go to the AASHTO 
Subcommittee on Maintenance 
Website

Select Research
Select NCHRP Project 20-7

Go to Completed Tasks

Select Task 357



Questions?

• For more information, contact:
– Katie Zimmerman, APTech
– kzimmerman@appliedpavement.com
– (217) 398-3977

mailto:kzimmerman@appliedpavement.com
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