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Drone-based topographic/bathymetric lidar enables rapid and recurring visits over areas of 
interest that may be hazardous to deploy in-situ instrumentation, particularly in shallow non-
navigable waters. The extremely large datasets that produced with drone-based lidar demand 
robust and efficient data processing for applications involving point cloud analysis. Realistically, 
thorough point cloud analysis for segmentation, object identification, and classification of large 
datasets can only be accomplished by automated, or unsupervised Machine Learning (ML) 
methods. However, unsupervised 3D lidar point cloud segmentation and classification remains a 
challenging problem for surface topography, vegetation, and shallow water bathymetry 
applications.  
Traditional ML methods require large amounts of labeled data for training, which increase in 
size and difficulty as the set of targets and environments increase in scale. Additionally, 
traditional geometric-based point cloud segmentation methods, which generally rely on the local 
statistics of groups of points to identify the most-likely class, suffer from low reliability as 
overall point density decreases due to resolution, SNR, or sample rate. The presented research 
seeks to use the diversity of lidar signal measurements to provide additional layers of contextual 
information about targets to increase performance and reliability of ML methods for airborne 
lidar point cloud segmentation and classification. 
Incorporating lidar signal diversity expands the analysis beyond the 3D coordinate space of point 
clouds into a higher dimensional space where properties such as intensity, point density, 
polarization state, etc. are incorporated to describe the signal behind each point in a point cloud. 
Each measured property increases the effective dynamic range of signals, and the diversity 
between adjacent groups of points provides a contrast that distinguishes features and facilitate 
autonomous segmentation schemes. Consequently, segmentation and classification schemes that 
incorporate such properties could potentially rely less on rigorous and inefficient ML training 
methods because they are leveraging physical properties of materials and surfaces directly in the 
N-dimensional parameter space. Point density is a property accessible to any scanning lidar 
system and could serve as an additional layer of context for existing lidar systems with no 
hardware modifications. Presented are methods to utilize point density as an additional 
contextual layer to supplement ML-based analyses of high-resolution, drone-based scanning 
lidar data products. 
An additional primary challenge to the autonomous segmentation of drone-based scanning lidar 
data is the platform motion-induced effects on point density. Drone roll, pitch, and yaw 
transform the projected laser scan lines on the ground and thereby irregularly influence point 
density metrics, which can create difficulties in analysis and segmentation methods. This 
research seeks to identify methods by which roll, pitch, and yaw effects due to drone controls, 
wind, and platform jitter can be compensated for to normalize point density metrics.  
 


