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Research Needs 

The use of Light Detection and Ranging (LiDAR) technology has been growing in the 

transportation industry in recent years. The technology has been proven to provide precise, 

accurate, and high-density point clouds that can be related to a global reference frame (El-

Sheimy et al., 2005; Shan and Toth, 2009). Extensive research in the area has shown how this 

technology can be used for anything from construction quality control to safety assessments to 

infrastructure management (e.g. Yu et al., 2015; Riviero et al., 2016; Pu et al., 2011; Geiger et 

al., 2012; Lato et al., 2012; He et al., 2017, Neupane et al., 2018; Rister et al., 2018). 

The direct ownership and use of LiDAR by transportation agencies has grown. National 

Cooperative Highway Research Program Report 748 includes guidelines for using mobile 

LiDAR in transportation applications (Olsen et al., 2013). Chang et al. (2014) also published 

guidance on how agencies could practically use and deploy LiDAR. The authors discuss 

common transportation applications and acquisition options of LiDAR. For example, the authors 

recommend the mobile LiDAR platform for applications such as construction clearance 

measurement, corridor mapping, safety assessments, and traffic operations. Some agencies have 

begun deploying LiDAR on their vehicles for data collection (Coifman et al., 2017). 

As the nation approaches an era of autonomous vehicles, there will be great opportunities and 

challenges regarding sensing technologies and the resulting data. Research and development of 

sensing systems for autonomous vehicles is ongoing, both in academic arena and the automotive 

industry. Some studies consider specific challenges that autonomous vehicles utilizing a certain 

sensing technology might face (e.g. Combs et al., 2018). In 2017, an Automated Vehicles 

Symposium was held in San Francisco, CA, for continued communication, collaboration, and 

information sharing on a wide range of topics surrounding autonomous vehicles (Texas A&M 



 

Transportation Institute, 2018). There is clearly great interest in and need of research in the area 

of autonomous vehicles. 

Of particular interest for this project proposal is how transportation agencies can utilize the Big 

Data that will result from a growing fleet of autonomous vehicles. Agencies have had experience 

with Big Data in the past (Zhao et al., 2018). However, the Big Data of autonomous vehicles is 

likely to be of unprecedented magnitude (e.g. Matthews, 2018; Marr, 2017; Clerkin, 2017). How 

will agencies handle such a data set, should they choose to collect it? How much data can 

agencies expect from a variety of different scenarios? Will they need to filter the data they 

receive? How many uses can they get out of these data? This proposed project will help agencies 

answer some of those questions. 

Research Objectives 

The purpose of this project is to the potential uses and challenges of large-scale collection of 

LiDAR data from autonomous vehicles by transportation agencies. The proposed project will 

accomplish the following objectives: 

1. Conduct a comprehensive literature review of current, small-scale uses of LiDAR in the 

transportation industry for ease of reference by public agencies. 

2. Conduct case studies of various uses of LiDAR to demonstrate the versatility of the 

technology and provide concrete examples of data results. 

3. Estimate large-scale data management needs for use of LiDAR data from a growing 

autonomous vehicles fleet and discuss the potential challenges, solutions, and benefits to 

public agencies. 

Research Methods 

In the proposed research, an extensive literature review of the use of LiDAR data in the 

transportation industry will be conducted. This will include stationary, airborne, and mobile 

LiDAR in both the public and private sectors. The purpose of this literature review is to provide 

an overview of the various uses of this technology that have already been explored and 

summarize the findings, recommendations, and challenges. 

Additional case studies will be conducted by the researchers to confirm findings from the 

literature review and explore new use cases. Data will be collected using a mobile LiDAR 

system comprised of a single LiDAR unit, video/photo equipment, geospatial/inertial 

measurement equipment, and a mounting system. Different scenarios to be explored may 

consider the following variables: work zone layouts, roadway classifications, weather conditions, 

traffic/pedestrian volumes, vehicle speeds, etc. These case studies will result in additional 

findings and recommendations for agencies considering the collection of these data from 

autonomous vehicles. When processing the data from these case studies, consideration will be 

given to: distinguishability of roadway features within the point cloud; amount of “noise” in the 

data set from other vehicles and pedestrians; size of the data set; density of the point cloud; 

collusion. The data sets will also be made available for public use. 

Using the data collected from the case studies, we will extrapolate to large-scale considerations. 

For public agencies intending to collect these data from a growing autonomous vehicle fleet, it is 



 

important to understand the size of the data. A simple linear regression model will be developed 

that estimates the expected size of the data set considering vehicle speed, roadway facilities size 

(width and length), autonomous vehicle fleet size, LiDAR system specifications, etc. This model 

would help agencies estimate their future data management needs should they decide to collect 

these data. 

Expected Outcomes 

The project is expected to provide an overview of potential uses (based on a literature review and 

case studies) and challenges for public agencies collecting LiDAR data from autonomous 

vehicles. Potential findings should include data size estimates for various scenarios and sample 

data sets from case studies. The research findings will offer a wide range of applications, from 

individual projects to nationwide. The end product, an overview of the uses and challenges, will 

be useful to transportation agencies that are considering investing in the collection of LiDAR 

data. 

Relevance to Strategic Goals 

The proposed project contributes to two of the U.S. Department of Transportation (USDOT) 

strategic goals as identified by the FAST Act: State of Good Repair and Economic 

Competitiveness. The expected outcomes of this project include an overview of the potential 

uses of large-scale LiDAR data from autonomous vehicles, which include improved inspection 

and management of infrastructure assets. Public agencies can potentially utilize these data to 

supplement or replace their existing infrastructure inspection practices/equipment. This project 

will also provide public agencies with important information regarding the potential challenges 

and benefits of these data. Understanding the benefits and costs of investing in the collection of 

this growing data source will help agencies move forward into an era of autonomous vehicles. 

Educational Benefits 

One graduate student will be involved in the research and receive training in LiDAR data 

collection and processing. The research results will provide fresh materials and case studies to 

expand the transportation curricula at USU. 

Technology Transfer 

Research results will be disseminated through publication in peer-reviewed professional journals 

and presentations at state and national meetings and conferences. All data collected from the 

research project will be stored in a repository such that the information will be easily retrievable 

should anyone wish to use it. Research results will also be incorporated into a wide variety of 

education, training, outreach and workforce development activities. 

 

 

 

 



 

Work Plan 

The proposed project will be carried out over an 18-month period under the following timeline: 

Task Duration Completion Date* 

Literature Review 
We will conduct a comprehensive literature review on the 

uses of LiDAR technology in the transportation industry. 

4 months 4 

Development and Testing of LiDAR System 
We will develop a LiDAR system to be mounted on a vehicle 

for data collection during the case studies. The system will 

include a LiDAR unit, mounting device, GNSS/IMU unit, and 

other miscellaneous equipment. 

3 months 7 

Case Studies 
We will collect LiDAR data on a variety of roadway facilities 

under a variety of conditions (i.e. weather). These data will be 

used to develop a collection of case studies and examples of 

different uses. This time period includes the processing of 

these data. 

6 months 13 

Estimating Large-Scale Data Management Needs 
We will estimate the size of large-scale data sets using the 

system specifications of various LiDAR systems, different 

autonomous vehicle volumes, vehicle speeds, vehicle-miles-

traveled, etc. 

3 months 16 

Report Writing 
The literature review, methodology, case studies, and overall 

findings will be written in the final report. 

2 months 18 

*Months from starting date 

Project Cost 

Total Project Costs: $ 99,985.42 

MPC Funds Requested:  $ 49,992.71 

Matching Funds:  $ 49,992.71 

Source of Matching Funds: LTAP 

 

References 

Chang, J. C., D. J. Findley, C. M. Cunningham, and M. K. Tsai. Considerations for Effective 

Lidar Deployment by Transportation Agencies. Transportation Research Record, no. 2440, 

2014, pp. 1-8. 



 

Clerkin, B. Autonomous Cars, Big Data, and the Post-Privacy World. DMV.org, October, 2017. 

Retrieved from https://www.dmv.org/articles/self-driving-vehicles-privacy-concerns.  

Coifman, B., K. Redmill, R. Yang, R. Mishalani, and M. McCord. Municipal Vehicles as Sensor 

Platforms to Monitor Roadway Traffic. Transportation Research Record, no. 2664, 2017, pp. 

48-54. 

Combs, T., L. Sandt, N. McDonald, and M. Clamann. Limitations in Detection Technologies for 

Automated Driving Systems and Implications for Pedestrian Safety. in TRB 97th Annual 

Meeting Compendium of Papers, Washington, DC, 2018. 

El-Sheimy, N., C. Valeo, and A. Habib. DigItal Terrain Modeling: Acquisition, Manipulation, 

and Applications. Artech House, Norwood, MA, 2005. 

Geiger, A., P. Lenz, and R. Urtasan. Are We Ready for Autonomous Driving? The Kitti Vision 

Benchmark Suite. in 2012 IEEE Conference on Computer Vision and Pattern Recognition, 

Providence, RI, 2012, pp. 3354-3361. 

Habib, A. F., A. P. Kersting, K. I. Bang, R. Zhai, and M. Al-Durgham. A Strip Adjustment 

Procedure to Mitigate the Impact of Inaccurate Mounting Parameters in Parallel LiDAR 

Strips. The Photogrammetric Record, Vol. 24, no. 126, 2009, pp. 171-195. 

Habib, A., K. I. Bang, A. P. Kersting, and J. Chow. Alternative Methodologies for LiDAR 

System Calibration. Remote Sensing, Vol. 2, no. 3, 2010, pp. 874-907. 

He, Y., Z. Song, and Z. Liu. Highway Asset Inventory Data Collection Using Airborne LiDAR. 

in TRB 96th Annual Meeting Compendium of Papers, Washington, DC, 2017. 

Lato, M. J., M. S. Diederichs, D. J. Hitchinson, and R. Harrap. Evaluating Roadside Rockmasses 

for Rockfall Hazards Using LiDAR Data: Optimizing Data Collecion and Processing 

Protocols. Natural Hazards, Vol. 60, no. 3, 2012, pp. 831-864. 

Lin, Y. J., R. Ravi, T. Shamseldin, M. Elbahnasawy, D. Bullock, and A. Habib. Comparative 

Analysis of Potential Calibration Alternatives for a Multi-Unit LiDAR System. in 

Proceedings of the 10th International Symposium on Mobile Mapping Technology, Cairo, 

Egypt, 2017. 

Marr, B. The Future of the Transport Industry – IoT, Big Data, AI and Autonomous Vehicles. 

Forbes, November, 2017. Retrieved from 

https://www.forbes.com/sites/bernardmarr/2017/11/06/the-future-of-the-transport-industry-

iot-big-data-ai-and-autonomous-vehicles/#6104a4641137.  

Matthews, K. How Autonomous Cars Will Make Big Data Even Bigger. Datafloq, January, 

2018. Retrieved from https://datafloq.com/read/how-autonomous-cars-will-make-big-data-

even-bigger/1795. 

https://www.dmv.org/articles/self-driving-vehicles-privacy-concerns
https://www.forbes.com/sites/bernardmarr/2017/11/06/the-future-of-the-transport-industry-iot-big-data-ai-and-autonomous-vehicles/#6104a4641137
https://www.forbes.com/sites/bernardmarr/2017/11/06/the-future-of-the-transport-industry-iot-big-data-ai-and-autonomous-vehicles/#6104a4641137
https://datafloq.com/read/how-autonomous-cars-will-make-big-data-even-bigger/1795
https://datafloq.com/read/how-autonomous-cars-will-make-big-data-even-bigger/1795


 

Neupane, S. R., N. G. Gharaibeh, and C. F. Gurganus. A Computational Method for automated 

Identification of Pavement Surface Type from Mobile LiDAR Data. In TRB 97th Annual 

Meeting Compendium of Papers, Washington, DC, 2018. 

Olsen, M. J., G. V. Roe, C. Glennie, F. Persi, M. Reedy, D. Hurwitz, K. Williams, H. Tuss, A. 

Squellati, and M. Knodler. Guidelines for the Use of Mobile LIDAR in Transportation 

Applications. Transportation Research Board, Washington, DC, NCHRP Report 748, 2013. 

Pu, S., M. Rutzinger, G. Vosselman, and S. O. Elberink. Recognizing Basic Structures from 

Mobile Laser Scanning Data for Road Inventory Studies. ISPRS Journal of Photogrammetry 

and Remote Sensing, Vol. 66, no. 6, 2011, pp. S28-S-39. 

Rister, B., L. McIntosh, G. B. Dadi, R. Yang, and E. Grady. Utilization of Light Detection and 

Ranging for Quality Control and Quality Assurance of Pavement Grades. in TRB 97th Annual 

Meeting Compendium of Papers, Washington, DC, 2018. 

Riviero, B., L. Diaz-Vilarino, B. Conde-Carnero, M. Soilan, and P. Arias. Automatic 

Segmentation and Shape-Based Classification of Retro-Reflective Traffic Signs from Mobile 

LiDAR Data. IEEE Journal of Selected Topics in Applied Earth Observations and Remote 

Sensing, Vol. 9, no. 1, 2016, pp. 295-303. 

Shan, J., and C. K. Toth. Topographic Laser Ranging and Scanning: Principles and Processing. 

CRC Press - Taylor & Francis Group, Boca Raton, FL, 2009. 

Texas A&M Transportation Institute. Automated Vehicles Symposium 2017: Summary of a 

Symposium. Transportation Research Circular, no. E-C232, 2018. 

Yu, Y., J. Li, H. Guan, F. Jia, and C. Wang. Learning Hierarchical Features for Automated 

Extraction of Road Markings from 3-D Mobile LiDAR Point Clouds. IEEE Journal of 

Selected Topics in Applied Earth Observations and Remote Sensing, Vol. 8, no. 2, 2015, pp. 

709-726. 

Zhao, M., M. D. Fontaine, and R. Venkatanarayana. Case Studies of Successful “Big Data” 

Programs at State Departments of Transportation. in TRB 97th Annual Meeting Compendium 

of Papers, Washington, DC 2018. 


