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TRANS-IPIC Quarterly Progress Report:

Project Description:
1. Research Plan - Statement of Problem
The railroad industry has been struggling with precast concrete crossties abrasion damage for a long time. Our research team has communicated with multiple class I railroads and all have responded that some of their crossties are facing the abrasion issue. To extend the precast concrete crossties service life and ensure railroad safety, there is a strong demand to mitigate the crossties abrasion damage. As it is not practical for the railroad industry to inspect thousands of miles of track to find concrete crosstie abrasion loss manually, an automated, low-cost, mobile, and accurate monitoring approach is urgently needed for the crossties' maintenance and repair.

2. Research Plan - Summary of Project Activities (Tasks)
Task 1: Visit precast concrete crossties damage site
Work closely with the railroad industry (e.g. MxV Rail) to understand abrasion damage of precast concrete damage and the typical approach the industry uses to measure the damage.
Task 2: Develop a photogrammetry and LiDAR system detecting damages
Develop a photogrammetry and LiDAR hardware system to detect the precast concrete crossties abrasion damage automatically.
Task 3: Validate the system performance in indoor and outdoor environments
Validate the system performance at Purdue University (West Lafayette, IN) Test Track Facilities.
Task 4: Reporting
Document all the completed work for paper publication and project report.

Project Progress:
3. Progress for each research task
Task 1 progress [80% completed]
Our team visited MxV Rail and discussed with their railroad crossties group to understand the damage pattern of precast concrete crossties and learn their technologies detecting concrete crossties conditions. Our team received three precast concrete crossties donated by MxV Rail. These precast concrete ties shown in Figure 1 will be used as test specimens for our project.
[image: ]
Figure 1. Precast concrete crossties donated by MxV Rail

Task 2 progress [80% completed]
Our team purchased a DJI Mavic 3 Thermal drone and used this drone to conduct 3D scanning of the concrete ties. DJI Mavic 3 Thermal is equipped with Wide-angle (Equivalent Focal Length: 24mm, 48MP) and zoom-in (Equivalent Focal Length: 162mm, 12MP, 56× Hybrid Zoom) cameras. The cameras have captured high-resolution images to assist reconstruction of a detailed 3D model with concrete crossties conditions. After the images of the drones were captured, we used Agisoft Metashape Pro software to create a 3D model using all the images. Once the 3D model is created, it will be imported to Cloudcompare software to conduct further analysis of the 3D to identify the geometry and damage information of the concrete crossties.

Task 3 progress [20% completed]
Our team has conducted a series of laboratory experiments using a drone-based photogrammetry approach to conduct 3D scanning to investigate the concrete crossties conditions. Purdue main campus is within 3 3-mile radius of Purdue Airport. To request the FAA permission to fly the drones outdoors takes extra approval. Our team decided to relocate the concrete crossties inside our Purdue Construction Management Technology Laboratory to follow the FAA policies. Three concrete ties are stationed on the ground with 2-foot intervals simulating the practical concrete crossties distribution. DJI Mavic 3 flies over the concrete crossties for about 15 to 20 minutes with different flight paths taking high-resolution video footage and images (Figure 2). Then the images and videos are imported to Agisoft Metashape to create a high-resolution 3D model (Figure 3). After the 3D model is created, the model will be analyzed using Cloudcompre software to understand the concrete crossties conditions (Figure 4). We first measured the geometry of the concrete crossties. Then calculate the volume of the concrete crossties to investigate the concrete crossties volume loss for the future. The results from the manual calculations and 3D model analysis are compared. The volume comparison results are summarized in Table 1. As we can observe the volume difference errors are reasonable but still larger than we expected. Our team reached out to MxV Rail who donated the crossties. As the crossties were manufactured a long time ago, there was no reference data for the crossties geometry. Due to the usage and transportation, there is also existing volume loss of the concrete ties, it is difficult for our group to retrieve the ground truth volumes of the ties. We are investigating the error sources and aim to mitigate the errors with better system calibrations.
[image: ]
Figure 2. A drone captured concrete crossties image.
[image: ]
Figure 3. 3D model created by AgiSoft Metashape from the drone-based photogrammetry.

[image: ]
Figure 4. 3D model imported to Cloudcompare for further analysis.

Table 1. Concrete crossties volume calculations comparison.
	Concrete crosstie number
	Volume from 3D model (m3)
	Volume from manual calculations (m3)

	1
	0.1220
	0.106

	2
	0.132
	0.127

	3
	0.145
	0.132



Task 4 progress [0% completed]

4. Percent of research project completed
As we completed most work of tasks 1 and 2, and started working on task 3, we are about 55% completion of this whole project.

5. Expected progress for next quarter
For the third quarter of this project, our team will conduct experiments using the test track facility at Purdue University to calibrate our system performance. We plan to use a target with known geometry to quantify the errors of our measurements. We will also install the rail and all other accessories to simulate the real-world railroad track cases. We also plan to move the test track facility to an outdoor environment to understand our system performance under different conditions (GPS, light).

6. Educational outreach and workforce development
In our CM370 Heavy Civil Infrastructure course at Purdue University, we developed a lecture topic about precast concrete crossties, introduced the damages of concrete crossties, and how to maintain their performance.

7. Technology Transfer
None

Research Contribution:
8. Papers that include TRANS-IPIC UTC in the acknowledgments section:
Our team is currently preparing a paper for the 2025 TRB convention.

9. Presentations and Posters of TRANS-IPIC funded research:
None

10. Please list any other events or activities that highlights the work of TRANS-IPIC occurring at your university (please include any pictures or figures you may have). Similarly, please list any references to TRANS-IPIC in the news or interviews from your research. 
None
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