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Motivation nD-PointCloud

• point cloud data sets are often used for monitoring 
 dynamic point clouds
 time added as additional organizing dimension

• organizing point cloud data in levels of Importance (LoI) is an approach to 
manage large data sets
 LoI: discrete (multi-scale/dLoI) or continuous (vario-scale/cLoI)
 scale treated as additional organizing dimension

• how to manage higher dimensional point clouds (4D, 5D, …)?



• nD-PointCloud recap
• foundations
• PostgreSQL implementation
• nD Convex polytope query
• Apache Parquet
• change detection
• AHN potree conversions
• VPC/COPC

• conclusion
• future work
• main publications

Overview

AHN3 colored by ‘intensity gradient’



nD-PC foundations



cLoI computation, getting rid of discrete levels
 real continuous levels, nD case
• for ideal continuous distribution function over levels (nD):

for l between 0 and L+1
     and n number of dimensions

• this function has Cumulative Distribution Function (CDF):

for l between 0 and L+1
     and n number of dimensions

• using random generator U (uniform between 0 and 1) to generate level l (cLoI)
(between 0 and L+1) for next point in nD space:



PostgreSQL
Implementation



Implementation: PCServe



nD Convex polytope query



• convex polytope is more selective than a hyper-rectangle/sphere
• well defined in nD, based on half-space intersection
• fast implementation based 

on SFC/virtual 2n-tree

• example view frustum selection

nD query by convex polytopes



• columnar store format, for serialized data (disk storage)
• structured (+ nested) data, compressed
• has a main memory cousin (uncompressed columnar)

• Apache Arrow → Data frame libraries can read Parquet from disk into 
Arrow(2D, heterogeneous tabular data)

• you can interact via SQL with the Parquet files using query engine 
(DuckDb, Apache Drill)

Apache Parquet (as alternative store)



Some nD PC data (load similar to PostgreSQL)



Integrated Space / cLoI query



Raster based change detection

https://ns_hwh.fundaments.nl/hwh-ahn/AHN_DIFF/index.html 

https://ns_hwh.fundaments.nl/hwh-ahn/AHN_DIFF/index.html


• grid is less detailed than PC
• grid can only be displayed in 2D
• grid needs to be computed first

• much better to have direct point 
cloud change detection 

Fine, but…



• per epoch, preparation of PC data set
1. scaling and offsetting (SFC always in a cube)
2. SFC key calculation
3. sorting SFC key column

• batch process NN distance calculation (advanced merge join 2 epochs): 
for every point P in epoch 2:

1. search the previous and next SFC key of the calculated SFC key in epoch 1
2. decode and unscale these two SFC keys (previous and next)
3. find approximate nearest neighbor (NN) of the 2 candidates 

(option: box query in epoch 1 with P as center and distance P-NN as radius)
4. output d and dx,dy,dz

SFC-based ultra-fast change detection



http://viewer.pointclouds.nl all AHN versions in potree

http://viewer.pointclouds.nl/


Various tools: height, area, volume, angles, profile,..



name #points #files 
in

Input size 
(Gb)

Output size
(Gb)

Duration 
(hours)

AHN1 11.984.853.767 1358 33,1 44,2 0,17

AHN3 557.925.797.136 1374 2390,7 5035,8 12,29

AHN4 947.364.043.509 1381 6145,4 9931,8 33,38

AHN5 part 289.944.615.278 499 1394,3 2695,9 8,59

potree conversion on ronna

AHN2 converted before (previous project)
Duration conversion on ronna, multi-user



• Virtual Point Cloud (VPC) file = SpatioTemporal Asset Catalogs (STAC)
• extension on top of GeoJSON with PC metadat
• contains links to COPC .laz files (or EPT, Entwine Point Tile)

• Cloud Optimized Point Cloud (COPC) file = data
• COPC is .laz which has embedded Octree
• specs on https://copc.io/ (by Hobu, Inc.)

• load VPC in QGIS as a single point cloud layer 
(rather than each file as a separate map layer)

Virtual Point Clouds and
Cloud Optimized Point Cloud

https://copc.io/
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• designed and tested nD-PC organization 
(with cLoI) in resp. DBMS and files, and good results obtained

• explored and cleaned spatio-temporal point cloud data, and analyzed in 
detail the possible change detection options  NN preferred

• Virtual Point Clouds/Cloud Optimized Point Cloud and potree conversions 
AHN

• quality of point cloud-based change detection and fast implementation
• current practice tools not yet cLoI-aware and space first (not time)
• active at various meetings (OGC, 3D GeoInfo, FOSS4G, EGU) and 

publications
• Geomatics/GIMA students doing (thesis) projects with point clouds

Conclusion



• our students
• new projects (e.g. POINT-TWIN)
• complete publications

Future work (1/2)



• cLoI aware viewers and other clients (computations), 
using selection with flat hyperplanes (convex polytope) 

• standardization of format and protocols (binary Parquet files)
• on-the-fly CRS transformations of selections, or pre-computing of whole 

data sets (on HPC/HTC)
• explore cLoI to integrate datasets from different scales (after geo-

referencing/CRS transformation) 
• nationwide AHN change detection (buildings, vegetation, ..) by 

- adding 1 just or all 3 directions
- store result integrated (dimension of attribute) or separate from points
- interactive of massive preprocessing (on HPC/HTC), but fast use
- backward of forward changes
- for CoastScan, option to skip epochs (hours, days, weeks, months)

Future work (2/2)
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Thanks 
for your 
attention!
Questions?
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