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Introduction — Building outline vectorization

e Many geospatial applications require vectorized 2D building
outlines e.g. for:

o Urban planning, change detection, real estate analytics, disaster
response, 3D building modelling, ...

e Building outlines are commonly extracted from satellite or
aerial images using computer vision and machine learning

techniques
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Motivation

e QOver the past decade, more and more countries started to provide aerial
LIDAR point clouds as open data, e.q.:

o high density Dataset Count
alase ountry
m typically >10 pts/m?
LIDAR HD France
o high accuracy
AHN Netherlands
m 5-10 cm altimetric
USGS 3DEP United States
m 10-20 cm planimetric
swissSURFACE3D Switzerland
o low temporal sampling
Environment Agency United Kingdom
m every ~5yrs new acquisition LiDAR (England)
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Problem statement

e Can we predict building outlines from aerial LIDAR point clouds?
o machine learning can probably do it, but...
o state-of-the-art machine learning models require large and diverse training data

m i.e.vectorized building outlines + corresponding LiDAR point clouds
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Related datasets

Dataset Data specifications Annotation
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Inria (Maggiori et al., 2017) Al 0.3m 810 T+ + v/ M
Q .
(g}
RoofSat (Boyer et al., 2024) SI 0.3m 149 T - v H
RoofVect (Hensel et al., 2021) Al 0.1m 2 SB - v H
Building3D (Wang et al., 2023) ALS 30pts/m? 998 SB + v M
Q City3D (Huang et al., 2022a) ALS 4-50 pts/m? N/A SB + v A
RoofN3D (Wichmann et al., 2018) ALS 4.7 pts/m? 1010 SB - v A
Roof3D (Schuegraf et al., 2023) Al4+DSM 0.3m 224 T - v M
Q Potsdam (Rottensteiner et al., 2012) |Al+DSM 0.05m 34 T - v H
+ Vaihingen (Rottensteiner et al., 2012)| AI+ALS  0.08m, 4pts/m? 15 T - v H
& Map2ImLas (Anjanappa et al., 2026) | AI+-ALS 0.075m, 10-14pts/m? 217 T+ - v v A
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The P° dataset T o -
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e Data from 3 countries

e over 200 km? per country split in
train/val/test sets

e Spatially aligned LIDAR and image tiles
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e Building vector annotations in standard
MS-COCO format

e Ready to use for deep learning models

203k tiles 224 px — 0.25 m GSD

5

6-21 pts/m?

L [9AL files — 56—
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The P°? dataset — Diverse
e Radiometrically diverse images
e LIDAR point clouds with varying density

‘ ”“ %

e \ectorized building polygo

ns with complex geom
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The P2 dataset — Accurate

e Orthogonal projections of building perimeter onto the ground
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The P3 dataset — Limitations

e No interior building separation

With separation
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Building polygon prediction

e Train state-of-the-art neural network architectures on the P° dataset
o Frame Field Learning (Girard et al., 2021)

o HiSup (Xu et al., 2023)
o Pix2Poly (Adimoolametal et al. 2025)
e FEvaluate and compare building polygons predicted from
o Images only
o LiDAR point clouds only
o Both modalities combined
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Building polygon prediction (Encoder)

Image encoder  Fusion encoder LiDAR encoder

Aerial image LiDAR point cloud
224 x 224 px, RGB 56 x 56 m, XYZ
Patch embedding ( Image < LiDAR aligned PointPillars + PointNet
8 x 8 px patches 8pxx025m—2m 2 x 2 m pillars
\
0 " N '
Image patch grid .| 2D CNN fusion encoder |, LiDAR patch grid
28 x 28 x 384 7| 28x28x768—>28x28x384 | 28 x 28 x 384
J A J -
A4 A4 A4
ViT-S/8 encoder ViT-S/8 encoder ViT-S/8 encoder
ImageNet pretrained ImageNet pretrained ImageNet pretrained
A4
L Image features } { Image + LiDAR features } { LiDAR features }
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Building polygon prediction (Decoder)

FFL HiSup Pix2Poly
(Girard et al. 2021) (Xu et al., 2023) (Adimoolametal., 2025)
/ N
Reshape + upsample Reshape + upsample Transformer decoder
28 x 28 — 224 x 224 28 x 28 — 224 x 224 784 embeddings as input
N J
(@ >
CNN decoder CNN decoder Vertex sequence
Per-pixel predictions Hierarchical supervision Coordinate tokens
J N _
Frame Segm. Vertex | | Attr. | |Segm. Permutation matrix
fields mask map fields mask Vertex ordering
Skeleton optimization [ Joint optimization }

Geometric regulariz.

!

Hybrid methods End-to-end

‘ Building polygons
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uilding polygon prediction (Modality comparison)

Prediction Image Prediction Image
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Building polygon prediction (Modality comparison)

Prediction Image Prediction Image Prediction Fusion

WWW.isprs
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Building polygon prediction (Robustness)

e LIDAR data helps the model to become more robust to varying radiometry
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Building polygon prediction (LiDAR density)

e FEven low density LIDAR allows to recover most building outlines
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Conclusion

e LIDAR data leads to better building polygon predictions compared to images
e |Image and LIDAR data combined leads to the best predictions

| Boundary Area Complexity Efficiency

Model  Modality POLIS [m] | CD [m] | HD [m] | MTA [°] | APT ART IoUT NR=1 Time [s] | Params |
ViT [11] + Image 3 2.7 12 41 0.275 046 0.839  0.847 0.532 23.TM
FFL [14] LiDAR 2.35 1.94 9.66 44.8 0.359 0.545 0.87 0.829 0.582 23. "M
Fusion 2.14 1.88 8.9 39.7 0.376 0.569 0.877 0.874 0.58 26.4M
ViT [11] + Image 2.46 2.48 11.4 352 0.287 0.493 0.85 0.885 0.124 30.8M
HiSup [41] LiDAR 2.05 2.01 9.58 7 0.347 0.54 0.87 0.882 0.165 30.8M
P Fusion 1.91 1.9 8.94 352 0.355 0.568 0.872  0.89 0.129 33.5M
ViT [11] + Image 2.46 2.5 10.8 34.3 0.317 0.492 0.845 0.906 1.44 31.9M
Pix2Poly [2] LiDAR 1.88 1.9 8.5 34.1 0.379 0.552 0.869  0.913 1.15 31.9M
Y11 Fusion 1.8 1.82 8.6 334 0398 0578 087 0915 1.15  34.6M

Table 2: Modality ablation. We compare baseline models trained and tested on different modalities
of the Switzerland subset. For each metric, we highlight the best and second best scores.
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Try it yourself

e The dataset, code and pretrained models are available on github and
huggingface

o https://hugsingface.co/datasets/rsi/PixelsPointsPolysons

o https://github.com/raphaelsulzer/PixelsPointsPolygons

~ Datasets: ®@rsi PixelsPointsPolygons © @like 2
Tasks: 4 Image Segmentation  Eb  ObjectDetection  Languages: @ English  Size: 100K<n<IM  ArXiv; arxiv:2505.15379 ags: Aerial  Environement  Multimodal  Earth Observation  Image  Lidar

License: = cc-by-4.0

» Dataset card *I= Files and versions  ¢xet % Community

B Dataset Viewer -> Copy to bucket New

Downloads last month 22,489
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3D version of the dataset (with LOD2 building models)
coming soon...
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