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Rapid development of technologies 

on hardware and software side at lower 

costs

The new challenge is how to handle 

thousands of point clouds

Era of Point Cloud Abundance and Ubiquity
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Modified from: http://www.riegl.com/uploads/tx_pxpriegldownloads/Whitepaper_RIEGL_DMT.pdf
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Example: 

Operational Rockfall Monitoring (AIMon5.0)
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https://www.uni-heidelberg.de/aimon


Main Sources of 3D / 4D Point Clouds

4py4dgeo Tutorial

Laser Scanning / LiDAR Photogrammetry: SfM / GS

3D Point 

Clouds

Image Data
4D Point 

Clouds

LiDAR 

Simulation



“A point cloud is a set of points Pi, i = 1, …, n, 

embedded in three-dimensional Cartesian space and 

time.” Otepka et al. (2013)

Each point Pi has 3 coordinates and a 

global/individual timestamp: XYZT and may have 

additional attributes

Our Material: Point Cloud Data Model
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modified after Ghamisi et al. (2019)

https://doi.org/10.3390/ijgi2041038
https://doi.org/10.3390/ijgi2041038
https://doi.org/10.1109/MGRS.2018.2890023
https://doi.org/10.1109/MGRS.2018.2890023


→ Autonomous (near-)continuous 3D laser 

scanning from one or multiple fixed positions

→ Significant temporal dimension and rel. 

high frequency (min,h,d): 4D = 3D + time 

→ Huge time series of point clouds

→ Even: Continuous data stream of 4D points

PLS – Permanent Laser Scanning

6py4dgeo Tutorial Lindenbergh et al. (2025): Fig. 6, CC BY-NC-ND
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+ We can observe the changes as they happen

- No chance for manual analysis

https://doi.org/10.1016/j.ophoto.2025.100094
https://doi.org/10.1016/j.ophoto.2025.100094
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https://youtu.be/bOp4XN9FM48?feature=shared

https://youtu.be/bOp4XN9FM48?feature=shared


• Temporal dimension through repeat 

acquisition 

− Epoch (E): Point cloud has 1 temporal anchor

− Time series: Series of epochs

• Change can regard any properties –

what does it tell us?

− Change in biophysical and chemical properties

− Change in geometric / morphologic properties

What changes in 3D point clouds?
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E1      E2      E3     E4      E5  

modified after Eitel et al. (2016)

3D + time

https://doi.org/10.1016/j.rse.2016.08.018
https://doi.org/10.1016/j.rse.2016.08.018


Quantification along different dimensions

• 1D: One direction in Z, vertical increase or lowering

• 2D: Location in XY, horizontal displacement

• 3D: 3D displacement, change in size and/or shape

• >3D: The above + changes in feature space

Change Analysis in 3D/4D Point Clouds

9py4dgeo Tutorial modified after Anders et al. (2019)

https://doi.org/10.5194/isprs-annals-IV-2-W5-317-2019
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Yang & Holst (2025): CC BY 4.0

Yang & Holst (2025): CC BY 4.0

Change Analysis in 3D/4D Point Clouds

– Types of Results

https://doi.org/10.5194/isprs-annals-X-G-2025-1003-2025
https://doi.org/10.5194/isprs-annals-X-G-2025-1003-2025


3D Methods – Categories of Methods
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https://doi.org/10.5194/isprs-annals-X-G-2025-1003-2025


3D Methods – How to Define Correspondences?
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Yang & Holst (2025): CC BY 4.0

https://doi.org/10.5194/isprs-annals-X-G-2025-1003-2025


Selection of Point Cloud-Based Method

13

Yang & Holst (2025): 

CC BY 4.0
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https://doi.org/10.5194/isprs-annals-X-G-2025-1003-2025


Short Recap
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TECHNOLOGY
3D/4D Point Clouds

Main Sources of 3D / 4D Point Clouds

RESEARCH
Methods for Analysis

3D Methods – How to Define Correspondences?

DEVELOPMENT
Open Tools

OPERATION
Automation & Quality

Example:  Operational Rockfall Monitoring (AIMon5.0)



E-learning course on Time Series Analysis in Remote Sensing for 

Understanding Human-Environment Interactions (E-TRAINEE)

Open Online Course
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1. Detection of hygroscopic dead tree branch movement using permanent laser scanning

2. Time-Adaptive Change Analysis through Extension of the M3C2 Algorithm using Multi-Modal 

Laser Scanning Data in a Salt Marsh Environment

3. Low-cost Terrestrial Laser Scanners for Permanent Monitoring of Beach-Dune Systems

4. Out-of-Distribution Detection for Real-World Honey Bee Monitoring Using Simulated Permanent 

Laser Scanning

5. Scan Outlier Ratio (ScOR): LiDAR Scanning and Survey-Aware Filtering of Detached Points in 

Terrestrial and Permanent Laser Scanning Point Clouds

6. Spatiotemporal reconstruction of 4D point clouds at different time scales through implicit neural 

representations for topographic monitoring applications

7. Topo4d: Topographic 4D STAC Extension for Curating and Cataloging Multi-Source Geospatial 

Time Series Datasets

Our Upcoming Talks at the ISPRS Congress 26

16py4dgeo Tutorial  https://www.isprs2026toronto.com/full-program 

https://www.isprs2026toronto.com/full-program
https://www.isprs2026toronto.com/full-program
https://www.isprs2026toronto.com/full-program


Anders et al. (2019): https://doi.org/10.5194/isprs-annals-IV-2-W5-317-2019

Ghamisi et al. (2019): https://doi.org/10.1109/MGRS.2018.2890023

Kuschnerus et al. (2021): https://doi.org/10.5194/esurf-9-89-2021
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Otepka et al. (2013): https://doi.org/10.3390/ijgi2041038

Yang & Holst (2025): https://doi.org/10.5194/isprs-annals-X-G-2025-1003-2025

ETRAINEE Online Course: https://3dgeo-heidelberg.github.io/etrainee/

py4dgeo: https://github.com/3dgeo-heidelberg/py4dgeo

HELIOS++LiDAR Simulation: https://github.com/3dgeo-heidelberg/helios

VAPC: https://github.com/3dgeo-heidelberg/vapc

AIMon5.0 Research Project: https://www.uni-heidelberg.de/aimon

AIMon5.0 Toolbox GitHub: https://github.com/3dgeo-heidelberg/aimon

References and Sources
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