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Abstract: 

In recent years, machine learning for point clouds experienced new momentum of due to arising deep learning methods 
transferred from computer vision. While in that field convolutional neural networks are the most successful type of network, 
they require regular 2D input. Therefore, first approaches focused on transferring point cloud data to imagery, therefore loosing 
information inherent to the underlying 3D data. On the part of true 3D networks operating directly on points themselves, 
probably most famous is PointNet by Qi et al. (2017), including its various derivatives. However, this type of network is not 
convolutional often less time efficient and difficult to scale up for larger data sets.  

While it is possible to voxelize point clouds into occupancy grids and then simply use 3D CNNs, those are very limited in size and 
resolution due their high memory requirement. Recently, sparse 3D CNNs [Graham et al., 2018] allowed the adaption of 
established architectures from deep learning architectures to larger voxel cloud data for classification, segmentation and 
detection tasks. This includes semantic segmentation of point clouds from airborne laser scanning (ALS), as we have already 
demonstrated in [Schmohl & Soergel, 2019]. After the point cloud has been discretized, an implementation as matrix 
multiplications is exploited for efficient convolutions without the need to store empty voxel locations. 

In general, gathering the necessary amount of labeled training data is one of the main challenges in deep learning, especially in 
the point cloud domain because of its lower accessibility compared to image data. In practice one wants to use already available 
training data instead of labeling a subset for each new task. However the transferability remains an issue due to differences in 
sensors, measurement setup and data domains. For example, although the Dutch AHN3 offers a countrywide ALS dataset, its 
ground truth does not contain additional classes compared to the Stuttgart point cloud. Moreover, data domains differ 
significantly due to topographic characteristics like steep hillsides in Stuttgart, something that is rarely present in the Netherlands, 
an effect that can be seen when applying a CNN trained on AHN3 to the Stuttgart point cloud. 

The goal of this work was to classify a citywide ALS dataset covering 337 km² of Stuttgart, Germany, provided by the state agency 
for geoinformation and land-development Baden-Württemberg using deep learning. Although this dataset already includes a pre-
classification into ground, bridges, buildings, underground and miscellaneous, a more precise class set was sought, for example 
splitting miscellaneous in subclasses like vegetation, vehicles and power lines. Therefore, for training we employ a statewide 
dataset from the surveying agency of Vorarlberg, Austria, covering 2700 km² of in parts topographical similar areas but with a 
higher diversity of class labels. 

In the presented case study, we explore the practicability of using sparse 3D CNNs for large-scale semantic mapping based on 
airborne laser scanning. This includes the transferability of training on a similar, but different training dataset. We select 
representative parts of the Vorarlberg dataset to train the segmentation network and inference the whole data of Stuttgart. 
Besides visual quality assessment, we can obtain accuracy indications by comparing the predicted classes with the existing class-
subset. 

We show that sparse 3D CNNs can achieve highly accurate 3D classifications, provided sufficient training data. The networks 
generalize adequately well considering the different data domains. Prediction time is generally relatively fast. 
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