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3DAnalyzer
An AI-Powered Platform for Automated Multi-Species Plant 

& Leaf-Level Trait Extraction from 3D Point Clouds

3D Point Cloud Analysis for Plant PhenotypingSajid Ullah, Kryštof Doležal, Barbora Pleskačová, Jaromír Pytela, and Klára Panzarová
PSI (Photon Systems Instruments), spol. s r.o., Prumyslova 470, 66424 Drásov, Czech Republic 

Three-dimensional (3D) plant reconstruction from point cloud data provides a powerful approach for quantitative analysis of plant architecture, but 
efficient processing of large-scale datasets remains a significant challenge. Here, we present 3DAnalyzer, a Windows-based software platform for 
automated processing, segmentation, visualization, and trait extraction from high-resolution 3D point clouds acquired using SICK laser scanners 
integrated into the PlantScreen™ system 3D Analyzer combines AI-driven segmentation with species-specific and generalized deep learning 
(DL) models to support analysis of soybean, maize, and a broad range of additional plant species. 3DAnalyzer performs fully automated leaf-
level reconstruction and generates detailed morphological descriptors, including leaf area, projected area, inclination angle, and leaf area index, 
together with canopy-scale metrics such as digital biomass, height maps, and 3D convex hull volume. Validation of the automated processing 
pipeline with artificial sugar beet plant (Bömer, J. et 2024) demonstrated high accuracy, with mean absolute errors of 3.30% and 2.90% for leaf 
area and projected leaf area, respectively. Designed for high-throughput workflows, the SW provides an integrated environment for point cloud 
preprocessing, Area of Interest (AOI) assignment including automated spatial clustering to isolate individual plants within the AOI, quality control, 
trait computation, visualization, and data export., 3DAnalyzer facilitates scalable extraction of structural plant traits across diverse species and 
enabling rapid and reproducible analysis of complex plant architectures.

3D Analyzer processes raw 3D plant point 
cloud scans through a fully automated 
pipeline from Area Of Interest (AOI) (e.g. 
tray), isolation to per-leaf trait extraction 
supporting three crop-specific models.

3DAnalyzer automatically extracts a comprehensive set of morphological traits derived from height map analysis 
and convex hull modeling, capturing both vertical growth and three-dimensional canopy structure. Plant volume is 
quantified from the 3D point cloud using voxel-based occupancy, yielding occupied volume, voxel count, and the 3D 
Vegetation Index (3DVI), the ratio of occupied voxels. Individual leaf traits — area, inclination, and projected area — are 
automatically extracted per leaf instance across all three models.

Table 1. Comparison of 3DAnalyzer crop-specific segmentation models.

Figure 5: Cross-species results using the General (multi-crop) model: (a) per-leaf segmentation of maize plants and (b) maize canopy height map for multiple maize plants within single AOI; (c) per-leaf segmentation (Left) 
and height map (Right) of a soybean plant, (d) per-leaf segmentation and height map of a pepper point cloud.

Figure 6: 3DAnalyzer UI

Figure 1: RGB image of  3D printed reference model for sugar beet  (a)  (b) scanned 3D point 
cloud, and (c) 3D instance segmentation.

Figure 2: End-to-end processing pipeline from 
raw point cloud input to exported trait data. 
Following plant detection and masking, the 
pipeline branches into canopy-level metrics 
(digital biomass, convex hull, height map) and 
organ-level DL segmentation (Maize, Soybean, 
and General models), converging at trait 
extraction and export.

Figure 3: Auto-recognition feature uses automated spatial clustering 
to isolate individual plants within AOI, feeding each detected 
segment into the downstream deep learning segmentation model.

The General model demonstrates cross-
species adaptability, successfully extracting 
per-leaf traits from soybean and multiple 
maize plants within a single AOI, without 
model retraining.

3DAnalyzer runs on Windows as a standalone 
desktop application requiring no programming 
expertise. Users load .PCD files, configure crop 
model and mask settings through a graphical 
interface, and receive full trait outputs in  
a single run.

Automatic Multiple-Plant Recognition:  
no manual setup

Three crop-specific segmentation models  
(Maize, Soybean, General multi-species)

Automated per-leaf trait extraction  
(area, inclination, LAI, projected area)

Voxel-based digital biomass  
and 3D Vegetation Index (3DVI)

Batch processing with CSV  
and PLY export
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Main features of 3DAnalyzer
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Figure 4: 3D analysis of a maize plant: (a) raw point cloud, (b) 3D plant masking, (c) height map (top and side views), (d) convex hull, (e) per-leaf instance segmentation using the Maize DL model, and (f) key extracted traits after analysis.

.PCD File
Raw 3D scan

Maize

Soybean

General

Digital Biomass
Voxel-based volume

Convex Hull
Volume estimation

Height map
Canopy structure

DL Segmentation
Organ detection

Point Cloud Filtering
Noise removal + density 

normalization

Trait Extraction
Per-leaf measurements

Export
segmented 3D model, 
numerical traits and  

visual outputs  
(CSV, PLY)

Auto-recognition of 
Plant and masking

Isolate plant regions

Model Optimized for Key traits

Maize single maize and multi-plant trays Leaf count, height, inclination angle

Soybean single soybean Leaf area, biomass, leaf area index

General (multi-crop)
General phenotyping for soybean, sunflower, maize, 

pepper and tomato plants
All traits, board-species support

Key Traits

41.2 cm 
Plant height

5 
Leaf count

182 cm2 

Total leaf area
20 cm2 

Individual leaf area

47°
Leaf inclination angle

0.18 
LAI

1240 cm3 
Convex hull volume

0.34 
3DVI

Leaf-Level Parameters                                                Plant-Level Parameters

• Leaf Parameters
• Leaf Area 
• Projected Area 
• Leaf Inclination Angle
• Leaf Area Index (LAI) broad
• Compactness
• Leaf Count

Digital Biomass Parameter
• Volex count
• Occupied volume
• 3DVI
Convex Hull Parameter
• Convex Hull Volume
• Projected Area XY
• Projected Area XZ
• Max Height
• Max Width
• Aspect Ratio

Height Map Parameter
• Maximum Height P100
• Maximum Height P95
• Maximum Height P90
• Minimum Height
• Average Height
• Median Height
• Standard Deviation Height


