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Automatic repairing of broken 3D city 

With my colleague John Zhao, we’re making an overview 
of the most common errors/problems, such as:
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errors = very common in 3D buildings
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Rotterdam is a nice example… (>80% invalid)
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rules for validation of 2D polygons
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Validation of a polygon = a solved problem

OGC Simple Features and
ISO19107 rules:

1 no self-intersection

2 closed boundaries

3 rings can touch but not
overlap

4 no duplicate points

5 no dangling edges

6 connected interior

7 etc
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ISO19107 = also in 3D
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s1 s2 s3 s4
invalid invalidvalid valid

s9 s10 s11 s12
invalid invalidvalidinvalid

s5 s6 s7 s8
invalid invalidinvalid valid



ISO19107 = also in 3D
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ISO 19107 rules also in 3D

1 distinct vertex

2 closedness of the rings of every surface

3 orientation of points within a surface (with inner rings)

4 planarity of surfaces

5 non-self intersection of surfaces

6 non-overlapping inner rings on a surface

7 orientation of normal vectors

8 “watertightness” of every shell

9 “connectedness” of the interior

10 how inner/outer shells interact with each others

11 ...
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Validation of Solids acc. to ISO 19107 rules

VALIDATE
YES :)

NO :(
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valid?

😄

😩

my geometric validation software: val3dity
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• as ISO 19107 as possible (only linear/planar primitives) 
• use of CGAL: robust and fast 
• C++ 
• kind to the user



≠ schema validation (*.xsd)
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<gml:Solid> 
 <gml:exterior> 
  <gml:CompositeSurface> 
   <gml:surfaceMember> 
   <!--top surface--> 
    <gml:Polygon gml:id="a"> 
     <gml:exterior> 
      <gml:LinearRing> 
       <gml:pos>0 0 1</gml:pos> 
       <gml:pos>1 0 1</gml:pos> 
       ...  
      </gml:LinearRing> 
     </gml:exterior> 
    </gml:Polygon> 
   </gml:surfaceMember> 
…

only syntax is checked, eg 3 
numbers separated by a space



hierarchical validation
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One solid

Rings and 

Surfaces

Solid

Shells

2D validation rules applied to 

primitives embedded in 3D space + 

planarity of surfaces

1. topology

2. geometry (intersections of surfaces)

3. orientation of normals

4. etc.

interactions between the outer and 

inners shells

validinvalid

Valid

!
Invalid

"

valid

valid

invalid

invalid



val3dity is free & open-source
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outputs a report with the errors
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<val3dity> 
  <inputFile>delft.gml</inputFile> 
  <snaptolerance>0.001</snaptolerance> 
  <time>Tue Apr 22 12:07:11 2014</time> 
  <Solid> 
    <id>6e359e22-e6d7-41d1-ba8c-91e0068704f7</id> 
    <ValidatorMessage> 
      <type>ERROR</type> 
      <errorCode>210</errorCode> 
      <errorType>NON_PLANAR_SURFACE</errorType> 
      <shell>1</shell> 
      <face>14</face> 
    </ValidatorMessage> 
  </Solid> 
  <Solid> 
    <id>59feffb1-604c-4032-b414-1d72f1d2371d</id> 
    <ValidatorMessage> 
      <type>ERROR</type> 
      <errorCode>400</errorCode> 
      <errorType>SHELLS_FACE_ADJACENT</errorType> 
      <shell>2</shell> 
      <face>3</face> 
    </ValidatorMessage> 
  </Solid> 
</val3dity>

IDs of gml:Solid used

link to specific surface where 
the problem is

error type



a very nasty building
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Figure 1. Demonstration of errors in a 3D building model (a) a gap on the façade of the left model; b) intersections between building 

parts in the left model; c) a non-manifold edge shared by multiple faces; d) a T-junction caused by a degenerated triangle) 

 
2. RELATED WORK 

2.1 Geometric repair of 3D models 

The existing model repair methods can be classified into two 
broad categories: local approach and global approach.  
 
Local approaches deal with each of the defects locally, for 
example the filling of holes (Liepa, 2003), the splitting of non-
manifold edges (Guéziec et al., 2001) and the removal of 
intersections (Campen and Kobbelt, 2010). However, this kind 
of approach usually solves one or a few of errors and may 
introduce new errors, as stated by Campen et al. (2012). 
Moreover, the local approaches are sensitive to the error types 
contained in the input model and may not function properly 
when unexpected errors are present, such as intersection of 
surfaces.  
 
Global approaches take the advantages of a volumetric 
representation, i.e. voxels, tetrahedra. These methods try to fix 
the volumetric representation of the object and then reconstruct 
the surface, thus are robust. In (Nooruddin and Turk, 2003), 
voxels are used to represent the spaces divided by the input 
mesh. Holes and other geometric errors are healed by using 
morphologic operators defined for voxels. The final mesh is 
extracted using iso-surface extraction. In the repair step, each 
voxel has to be classified properly by using an expensive multi 
ray-stabbing method, and unwanted discretizing artefacts are 
introduced in the result, even with a smoothing and a mesh 
optimization process applied afterwards. This is especially 
problematic for regular and planar surfaces like these of 3D 
buildings. In (Bischoff and Kobbelt, 2005), a shape preserving 
method is proposed to extract the sharp features from an Octree-
based representation of the input, but this method cannot 
preserve the input tessellation.  
 
2.2 Shrink-wrapping algorithm 

The concept of shrink-wrapping is not new in geometric 
processing. It simulates the process where a membrane is 
shrunk and finally wrapped an object. Kobbelt et al. (1999) 
introduce the idea to remeshing a polygonal surface model into 
a result with the property of subdivision connectivity. This 
method uses an initial mesh with the desired property as a 
membrane, and then a force that applied to each of the vertices 
moves the vertices accordingly. However, this method is not 
proposed for flawed models with holes or intersections. Koo et 
al. (2005) use a similar method to shrink-wrap an unstructured 
point cloud to reconstruct the mesh model. Voxels are used to 

structure the points and thus smoothing has to be applied in the 
end. This approach cannot deal with input surfaces. In order to 
simplify a polygonal mesh, Hagbi and El-Sana (2010) propose a 
tetrahedron carving approach, which can generate several 
topologically simplified models. This method uses the similar 
shrink-wrapping concept and incrementally carves the 
tetrahedra according to certain criteria. Although the heuristic 
carving paradigm seems similar to our approach, this method 
only accepts valid input, thus it cannot deal with geometric 
errors. Furthermore, their carving operation may produce non-
manifold results, which have to be fixed by using stitching and 
cutting method (Guéziec et al., 2001). Another similar approach 
is the approximation of the input polygon soup based on 
implicit surfaces (Shen et al., 2004). However, the interpolation 
with an implicit surface cannot preserve the tessellation of the 
input geometry and introduce a smooth effect, which is not 
wanted for 3D buildings.  
 

3. REPAIR BY SHRINK-WRAPPING 

With regard to the solid-based geometric form of a LoD2 
building model, the repair method from top-down using a 
shrink-wrapping approach is desirable, because most of the 
geometric errors can be solved in this uniform process and the 
validity of the result can be ensured. To implement this idea, 
first of all, a “membrane” has to be constructed for the input 
model, which should be valid and easy to build. Then, a step-
by-step shrinking process should be applied. There are two 
options for this task. One is to directly move all the primitives 
of the membrane, i.e. vertices or faces, towards the proper 
positions of the original input model. However, the exact 
correspondences between primitives of the membrane and the 
input model are difficult to model, especially for the input with 
non-zero genus or even with holes or intersections (Kobbelt et 
al., 1999). Another option is to develop the process implicitly 
based on an intermediary structure, such as voxels or tetrahedra. 
As discussed before, the voxelization of an input model could 
not preserve either the exact shape of the model or its 
tessellation. The latter defect is particularly unacceptable for the 
repair of an input model with properties attached to its 
primitives, such as a CityGML model. Therefore, the 
constrained tetrahedralization is a better choice to structure the 
input model and provide elements for shrinking process.  
 
The purpose of shrinking is to gradually eliminate the 
superfluous elements and only keep the desired ones, and finally 
wrap the correct exterior shell of the model. By using 
tetrahedra, this process can be implemented by a carving 
operation similar to (Hagbi and El-Sana, 2010). However, 

a) b)

c) d)
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automatic repair of 3D buildings
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thank you.
h.ledoux@tudelft.nl 
tudelft.nl/hledoux

Hugo Ledoux

→ geovalidation.bk.tudelft.nl/val3dity

→ github.com/tudelft3d/val3dity


