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Context
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• Numerous works at IGNF in the past, either in research or for data 
production (BATI3D, REFD3NAT, PROD 3D)

• Lots of projects requiring building models (renewable energy, energy 
retrofit, …) at IGNF project accelerator (IGNfab)

• Ongoing acquisition of LIDAR data by IGNF (10 pulses/m²)

• Raw and classified IGNF LIDAR HD datasets available as open data

• Likely to have impact on other IGNF datasets (reference vector database, …)

• Possibly a large national digital twin project in the years to come

• New research projects regarding 3D reconstruction, mesh semantization
at IGNF research units

https://geoservices.ign.fr/lidarhd


Benchmark framework
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• Principles

• Produce semantized 3D building models (at least LOD2) using classified LIDAR HD data, as automatically as possible, 
with open source or proprietary solutions

• Produce building models on different urban configurations

• Produce results in CityJSON or at least CityGML

• Compare obtained results with a ground truth dataset as automatically as possible and produce metrics

• From January to July 2023. Follow up work still going on.



Identified solutions

• Considered solutions

• Proprietary solutions

•TerraScan

•ESRI

• Open-source solutions

•City3D

•Geoflow

•Points2poly

•KSR (soon to be published as open source in CGAL)

• Other companies
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• Not considered solutions

• Proprietary solutions

•FME

•Global Mapper

https://github.com/tudelft3d/City3D
https://github.com/geoflow3d/geoflow-bundle
https://github.com/chenzhaiyu/points2poly
https://inria.hal.science/hal-02924409/file/tog2020.pdf


Datasets used
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• Ground truth dataset : IGNF PROD 3D

• Manually acquired LOD3 CityGML dataset based on aerial imagery

• IGNF classified LIDAR HD

• Automatically classified (partly with Myria3D)

• No manual correction

• Building footprints

• Using IGNF reference vector database (BDTOPO) => first tests showed gaps between footprints and LIDAR (mainly due to 
the use of an external source for the building layer) and lacks (mainly due to timeliness of the data)

• Decision to use building footprints extracted from the ground truth dataset. Probably the bestidea, in the end, to 
compare the quality of 3D reconstruction.

https://github.com/IGNF/myria3d


Focus on building footprints
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• Missing footprints

• Tests using an improved version of https://github.com/Geodan/building-boundary and Terrascan

• Similar types of results. Geodan probably a bit better.

• At the end of the day, the main idea is clustering + alpha shapes + regularization

• Only blocks of buildings. Lack of details. Noise.

• Misaligned footprints

• No time spent on this task at first

• Only Terrascan was tested

• Currently trying to work out a piece of code 
to do so

• Other things that could have been tested

• Automatic footprints extraction 
from true aerial orthophotography (Frame
Field Learning, Polyworld, …)

https://github.com/Geodan/building-boundary
https://github.com/Lydorn/Polygonization-by-Frame-Field-Learning
https://github.com/Lydorn/Polygonization-by-Frame-Field-Learning
https://github.com/zorzi-s/PolyWorldPretrainedNetwork


Results of our tests
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• TerraScan

• “Black box” solution + no logs or progress status

• Able to work with and without footprints

• Requires an intermediate step via 3DCityDB to export results in CityGML or CityJSON

• Not very good at reconstructing complex buildings or curved surfaces

• Not the fastest contender

• City3D (our test pipeline is available at https://github.com/ignfab/City3D)

• Tested with the Gurobi solver to speed up calculations

• Unable to deal with large or complex buildings (similar issue than in Polyfit)

• Way too many faces and edges in produced models : easy3d to improve results

• Most of the produced models were invalid (missing vertices, self-intersection, …)

https://github.com/ignfab/City3D
https://github.com/LiangliangNan/PolyFit
https://github.com/LiangliangNan/Easy3D


Results of our tests
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• Geoflow

• Pros

• Interesting ETL approach to audit the workflow

• FOSS and modular

• Visually pleasing results

• Can reconstruct curves and complex buildings 

• Keep original attributes

• Fast

• Cons

• Data preparation and usage took some time to figure out

• Requires good programming skills

• Very data dependent

• Sensible to unclassified points clusters in the building points

• Lack of regularization 

• Work on the parameters to be done to evaluate in depth their impact



Examples
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Terrascan

Geoflow

IGNF PROD 3DIGNF LIDAR HD



Examples
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Terrascan

Geoflow
IGNF LIDAR HD IGNF PROD 3D



Quality assurance
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• Complementary approaches 

• Identifying buildings than were not reconstructed

• Visual inspection

• Metrics production

• Intrinsic metrics : Reconstructed models validity

• Extrinsic metrics : Comparison with ground truth dataset
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Metrics production

• Inspired by previous AI4GEO works and an ISPRS paper

• Written in Python for processing CityJSON building datasets using cjio

• Intrinsic metrics : Use of val3dity

• Extrinsic metrics

•Tailor-made metrics to compare obtained results with ground truth dataset

• Should be released as FOSS in the coming months

https://www.ai4geo.eu/en/
https://www.repo.uni-hannover.de/bitstream/handle/123456789/5086/isprsannals-I-3-293-2012.pdf?sequence=1
https://github.com/cityjson/cjio
https://github.com/tudelft3d/val3dity
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Topologic metrics



13/11/2023National Institute of Geographic and Forest Information 14

Topologic metrics
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Geometric metrics

Ground truth roof Z as raster data Reconstruction roof Z as raster data
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Geometric metrics

Error Sum
(m)

Squared Error Sum 
(m)

Under 
reconstruction (%)

Over 
reconstruction (%)

-0,5028325924 1,896250616 10,73327748 0,07204751587
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Metrics production

• Results available directly in a google sheet

• Geoflow and TerraScan are close

• Geoflow is a bit better regarding squared errors sum

• TerraScan is a bit better as in terms of over-segmentation

• Metrics that could be added

• Metric for rectilinear edges vs « noisy » edges

Terrascan Geoflow
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Current status

• Still looking for the best solution to realign our footprints with our LIDAR dataset

• Still investigating KSR

• Still considering other approaches for 3D reconstruction (dictionary-based approaches, …)

• Continuing our tests with Geoflow

• Exploring new flowcharts : batch and stream

• Scaling up : Aiming for a French department to estimate production for the whole of France

• Open for collaboration
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CONTACT US : IGNFAB@IGN.FR
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