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OVERVIEW

• Motivation and Overview of the Urban Scenario

• Some details on the algorithms within the Scenario

• Processing, results + scalability

• Ongoing extensions

• The Future
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BACKGROUND

More and more large point cloud data sets
• AHN2 and AHN3 airborne laser scan data sets covering the entire 

Netherlands
• Continuous TLS 
• Here: Laser mobile mapping data

How to process such massive point clouds efficiently?
• Cloud computing

• Many scenario’s
• Low cost comparing to HPC (high performance computing)

• Level of Detail (LOD) processing
• Process only what needs to be processed
• Maintain flexibility between different LODs
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URBAN SHOWCASE 2



URBAN SHOWCASE 2

Showcase title: 
Individual tree extraction from 
urban LMMS data

Showcase objective:
Identify single trees in mobile 
mapping  point clouds sampling 
urban environments by:
• reporting their locations
• outputting all point cloud 

points sampling trees, 
organized at individual tree 
level
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MOTIVATION, US2
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Need for tree data
Individual tree parameters are high in demand by local and 
regional authorities for:
• Street inventory management and city climate assessment
• Tree cadaster and biomass monitoring requirements
• Clearance regulations and hazard protection



MOTIVATION, US2
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Tree extraction challenges
• Mobile mapping systems acquire point clouds at up to 

1.000.000 pts/sec
• Ideally, point clouds acquired during the day are processed 

over night
• Trees appear in a variety of sizes and shapes, are often only 

partly scanned, at different distances from the road, and may 
be close to facades, people, cars, street poles, etc.



US2 INPUT DATA

• 10 km of Mobile Mapping data sampling Toulouse
• Provided by IGN (Stereopolis system)
• Acquisition time: 121 GB in 2 hours
• Number of tiles: 517 tiles of ~ 3 million points each

8



US2 IN THE DOMAIN-SPECIFIC LANGUAGE
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For all files

Format conversion

Detect trees

Calculate point cloud
dimensionality

Store detected trees

Resample point cloud

Prepare visualisation

Classify points

Unroll and parallelize
for loop
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DIMENSIONALITY ANALYSIS
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DIMENSIONALITY ANALYSIS
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DIMENSIONALITY ANALYSIS
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TREE/NON TREE CLASSIFICATION

• Feature extraction based on x,y,z and dimensionality features 
[Weinmann 2014]

• Random Forest supervised classifier
• Regularization : majority voting within the optimal dimensionality 

neighborhood
• Computing time : <1min / million points, ~80% accuracy



DISTRIBUTING OVER THE INFRASTRUCTURE

• Streaming Processing: read single data point in loop
• Single CPU implementation
• Parallelizing over multiple files on separate nodes
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Service #59 Service #59 Service #59 Service #59

File1 File2 File3 … FileN



APACHE SPARK  

• A general computing engine for large-scale data 
processing

• Java, Scala, Python, R support

• Build-in machine learning libraries (for classification 
applications)

• Easy to deploy
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SPARK PROCESSING STEPS

RDD: Resilient distributed 
Dataset

Spark Processing strategy:
Manipulate RDD’s by
• Creating new RDD’s
• Operate on RDD’s
• Transforming existing 

RDD’s
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SCALABILITY EXAMPLE
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Recall: A point cloud tile has 3 million points



TREE INDIVIDUALIZATION
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TREE INDIVIDUALIZATION VISUALIZATION 
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DETECTED TREES IN GOOGLE EARTH

4000+ tree locations automatically identified by the US2 workflow.



PROCESSING THE US2 DATA

Time taken on desktop computer:
~52 hours / 1 core /
~6 minutes per tile

Time taken on Fraunhofer cloud:
~5 hours / 12 nodes /
~7 minutes per tile + overhead for scheduling
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WP5: VISUALIZATION USING POTREE

• Organize output data in POTREE octree implementation
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• Different data access strategies for fat and thin client
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ALTERNATIVE  BY IGN
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ALTERNATIVE BY IGN



EXTENDED GAUSSIAN IMAGE DESCRIPTOR
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Collect local normals on unit sphere



3D MS_EGI MULTISCALE SHAPE DESCRIPTOR
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Construct 3D MS-EGI Descriptor:
• Organize object point cloud in voxels at, say, 4 different scales
• Collect significant PCA eigenvectors in icosahedrons for each (of 4) 

scales



OBJECT IDENTIFICATION RESULTS
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Group objects with similar 3D MS_EGI descriptor 



CONCLUSIONS + FURTHER WISHES
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5 HOURS PROCESSING vs. 2 HOURS ACQUISITION 
• We could solve the processing bottleneck!

Cloud computing
• `Simple` distribution
• Hadoop and Spark implementations
• Super computer is not needed

Flexibility should be further increased
• Tree extraction at different locations: not trivial at all
• Different wishes from the users: e.g. street poles + street signs
• Compatibility between formats: Open Geospatial Consortium

(OGC) standards
• Contests to compare different strategies



QUESTIONS FOR US2?
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