
INTRODUCTION
Light Detection and Ranging (LiDAR) is a form of active remote sensing used to survey 
the Earth’s surfaces by measuring the distances the light pulses originating from the 
sensor travel (National Ocean Service). LiDAR scanners and the three-dimensional 
data that results from their use are used to support projects around worlds such as 
terrestrial and structural surveys, autonomous vehicles, three-dimensional modeling, 
and virtual reality. Our research team sought to use a LiDAR scanner to conduct a 
survey of Cadet Chapel at West Point in order to support future cadet projects in the 
fields of computer vision, virtual reality, military simulations, and three-dimensional 
modeling. For all the surveys, we used a BLK2GO hand-held scanner as we walked 
through all the floors and rooms of Cadet Chapel (Leica, 2022). The first few runs were 
conducted to learn about the data acquisition process before transforming the data for 
future projects.

CONCLUSIONS
All in all, the initial surveys of the Chapel were very beneficial to our team because 
we began to gain experience managing point cloud data and learning different ways 
to explore the data in order to help brainstorm ways that this data can be used. When 
comparing the survey of every floor of the Chapel to the individual surveys of each 
floor, we learned that the individual surveys produced the best results. We observed 
that the most effective way to combine individual surveys is to include overlap and 
walk in a loop. In other words, each individual survey should begin with a short walk 
in a similar geographic location that the previous survey began or ended with. What 
we mean by loops is that each survey should begin and end in the same location. 
This creates positional consistency in the point cloud data and makes each survey 
trustworthy. The processing of individual scans is faster and takes up significantly less 
storage than a scan that included a survey of the entire Chapel in one walk. As a 
result of these individual walks, we received better scans that showed less 
misalignment in the Chapel’s structure. 

LOOKING AHEAD
We would like to use this experience and initial surveys to start working towards using 
this data for computer vision applications such as an object identification model that 
can be integrated into a virtual reality system. The goal of this research is to create an 
opportunity for the Army to use LiDAR systems for conventional operations and 
training environments. For example, a unit could attach one of these scanners to their 
kit or rucksacks in order to conduct reconnaissance in an urban environment to gain 
intel on a structural target. These scanners can even be built into the drone and 
terrestrial robotic systems. 

METHODOLOGY
We began each walkthrough by picking a place of origin to begin the scanning process 
which also served as the place to end the scan to close the loop. As mentioned before, 
the BLK2GO is a hand-held LiDAR scanner that we carried through each floor of the 
Chapel as shown in figure 1. The walking pace was kept at a slow to normal pace to 
capture as many structural details as possible. When entering a room or doorway, the 
wielder would pause parallel to the entry and then perform a ninety-degree turn into 
the room. For rooms with very restrictive spaces or high ceilings, we paused for 10 
seconds to capture enough data. The walkthroughs were not limited to inside the 
Chapel only. We also walked around the entire building and nearby parking lot. These 
outdoor surveys provided point cloud data on things such as trees and large rocks. 

RESULTS
We ran into a few acquisition problems that are common when working with complex data such 
as this. The first issue that we ran into was the size of the data that we were collecting on 
individual surveys. Some runs ranged from 8 Gigabytes to 50 Gigabytes which increased the 
amount of time it took to process the data and the amount of storage required to render the 
data for our data exploration. For one such run, we spent about an hour in the Chapel which 
resulted in 50 Gigabytes of data. This made the rendering of the data take a significant amount 
of time (i.e., many hours) due to the dependencies and other packages being run in order to 
reproduce the point cloud that we collected. The second issue was the management of this 
data once it was collected. We are still looking for the best option to store the data in a 
database that is accessible and viewable on an application. The third issue was finding an 
effective user interface or software that would support our project. We settled on 
CloudCompare which is an open-source tool for three-dimensional point cloud data, but it was 
not compared to other software packages. This tool was very useful to explore the data and 
create subsamples of the combined scans that differed in spacing or randomness. When 
looking at the scans from the longer survey where we carried the LiDAR through every floor in 
one walk, we observed that many key structures were misaligned. Figure 3 shows how the data 
collected from the survey did not merge the data properly. Figure 4 shows how this 
misalignment negatively affects the visualization of the structure from another point of view. To 
fix this problem, we decided to go back to the chapel and do three individual surveys of three 
different aspects of the Chapel: the outside, the main floor, and the basement. Figure 5 shows 
the improved alignments from the combination of the three surveys. 
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Figure 1: BLK2GO LiDAR Scanner and 
Cadet Conducting Survey

Figure 2: Survey One Full Chapel View

Figure 4: Misaligned Structures from Chapel Side View

Figure 3: Misaligned Arches

Figure 5: Improved terranean and subterranean 
alignments

Figure 5: Misaligned Subterranean Structures
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