
11

MSc Thesis in Geomatics for the Built Environment

Structure-aware 

Building Mesh Simplification

author

Vasileios Bouzas

supervisors

Dr. Liangliang Nan

Dr. Hugo Ledoux



2

Content

• Introduction

• Related work

• Methodology

• Results & discussion

• Conclusions



3

Content

• Introduction

• Related work

• Methodology

• Results & discussion

• Conclusions



4

Motivation

3D City model applications (Biljecki et al., 2015)
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3D Building models

(a) Aerial imagery (b) Point cloud

(c) Surface mesh (d) With texture

Mesh reconstruction (Nan, 2017)
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Problems

(a) Semantics (b) Memory size

(c) Missing information (d) Noise / Undesired structures

23,811 vertices + 

70,910 edges +

47,030 faces =

1.5 MB

no windows!
façade missing!

roof ?

façade ?
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Solutions

• Mesh reconstruction? Not here...

• Mesh simplification? Yes!!!

Mesh simplification (Salinas et al., 2015)

Reconstructed model (Google Earth)
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Research question

• Building meshes:

– Simpler, compact representation

– Piecewise-planar

– Preserve/recover the initial structure
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Challenges

• Uncertainties of the input

• Geometric & topological defects
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Mesh reconstruction

Nan & 

Wonka (2017)

Holtzmann

et al. (2017)

Li et 

al. (2016)



12

Mesh reconstruction

Jonsson

(2016)

Szomoru et 

al. (2015)

Wang et 

al. (2016)
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Mesh reconstruction

Kelly et 

al. (2017)

Zhu et 

al. (2018)

Verdie et 

al. (2015)
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Mesh simplification

Original Mesh 

(27,258 faces)

Quadric Error Metrics (QEM) 

(250 faces)

Structure-aware

Mesh Decimation (SAMD) 

(250 faces)

Variational Shape 

Approximation (VSA)

(250 faces)
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Mesh simplification
Original Simplified

Non-consistent 

orientation

Self-

intersections

Holes
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Structure definition

Structure =

Primitives Inter-relationships+

Geometry Topology
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Overview

(a) Original model (b) Segmentation (c) Structure graph

(d) Candidate faces (e) Optimization (f) Simplified model

Simplification

Structure definition
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Planarity

0

1
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Mesh segmentation

Initial 

segmentation

Post

refinement
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Importance

Original

mesh

Important

segments
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Structure definition

Structure =

Primitives Inter-relationships+
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Overview

(a) Original model (b) Segmentation (c) Structure graph

(d) Candidate faces (e) Optimization (f) Simplified model

Simplification

Structure definition
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Structure graph
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Structure definition

Primitives Inter-relationships+

=Structure



26

Overview

(a) Original model (b) Segmentation (c) Structure graph

(d) Candidate faces (e) Optimization (f) Simplified model

Simplification

Structure definition
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Building scaffold
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Candidate faces
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Candidate faces

0

1
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Overview

(a) Original model (b) Segmentation (c) Structure graph

(d) Candidate faces (e) Optimization (f) Simplified model

Simplification

Structure definition
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Optimization

min
𝑥

𝜆𝑓 ∙ 𝐸𝑓 + 𝜆𝑚 ∙ 𝐸𝑚 + 𝜆𝑐 ∙ 𝐸𝑐

s.t.
෍

𝑗∈ℵ(𝑒𝑖)

𝑥𝑗 = 2 or 0, 1 ≤ 𝑖 ≤ 𝐸

𝑥𝑖 ∈ 0,1 , 1 ≤ 𝑖 ≤ 𝑁

Data fitting: 𝐸𝑓 = 1 −
1

𝐹
෍

𝑖=1

𝑁

𝑥𝑖 ∙ 𝑠𝑢𝑝𝑝𝑜𝑟𝑡(𝑓𝑖)

Model complexity: 𝐸𝑚 =
1

𝐸
෍

𝑖=1

𝐸

𝑐𝑜𝑟𝑛𝑒𝑟(𝑒𝑖)

Coverage: 𝐸𝑐 =
1

𝑎𝑟𝑒𝑎(𝑀)
෍

𝑖=1

𝑁

𝑥𝑖 ∙ (𝑎𝑟𝑒𝑎 𝑓𝑖 − 𝑎𝑟𝑒𝑎 𝑀𝑖
𝑎 )

𝜆𝑓 = 0.43

𝜆𝑚 = 0.30
𝜆𝑐 = 0.27
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Results

(a)

(b)

(c)

(d)
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Results

(e)

(f)

(g)

(h)
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Error analysis

Original Simplified Error RMS

0.5%

0.4%

0.3%

0.1%

(a)

(b)

(c)

(d)
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Error analysis

Original Simplified Error RMS

0.4%

0.5%

1.0%

0.8%

(e)

(f)

(g)

(h)
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Error analysis

(a) Segmentation errors

(b) Optimization errors
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Statistics

Mesh

Original Simplified

Compression

V E F
Memory

(KB)
V E F

Memory
(KB)

(a) 23,811 47,030 70,910 1,542 20 48 32 1 0.1%

(b) 7,050 20,913 13,839 639 28 72 46 2 0.3%

(c) 11,026 32,498 21,454 1,003 57 165 110 3 0.3%

(d) 13,631 40,887 27,258 797 171 507 338 9 1.1%

(e) 3,131 9,308 6,172 282 33 93 62 2 0.7%

(f) 5,067 14,998 9,923 456 21 57 38 2 0.4%

(g) 20,000 60,005 39,948 1,901 67 195 130 4 0.2%

(h) 18,721 56,005 37,269 1,773 52 150 100 3 0.2%

V – E + F = 2
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Execution time

**

Mesh

Execution time (s) **

Planarity Segmentation Structure graph Simplification Total

(a) 0.9 12.4 0.5 0.2 14.0

(b) 0.3 1.3 0.1 0.1 1.8

(c) 0.4 1.4 0.2 0.2 2.2

(d) 0.5 2.5 0.2 0.6 3.8

(e) 0.1 0.1 0.1 0.1 0.4

(f) 0.2 0.3 0.1 0.1 0.7

(h) 0.8 23.1 0.5 0.3 24.7

(i) 0.7 10.9 0.4 0.2 12.2

Initial segmentation

Post refinement
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Comparisons

338

faces

Ours SAMDQEM

134

faces

RMS = 0.14 RMS = 0.09 RMS = 0.03

RMS = 0.14 RMS = 0.27 RMS = 0.16
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Comparisons

Ours

(73 proxies)

VSA

(73 proxies)

RMS = 0.14

RMS = 0.18
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Research question

• Building meshes:

– Simpler, compact representation

– Preserve/recover the initial structure

– Topologically valid
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Limitations

Original

mesh

Simplified

mesh
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Limitations

Structure =

Primitives Inter-relationships+

(a) Not enough

primitives

(b) Not enough 

relationships
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Nothing to do, everything is perfect…

Future work

• Mesh segmentation

• Extension of structure definition

• LOD alteration (LOD 0-2)

• Addition of architectural details

• Incorporation into urban scene 

reconstruction
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Thank you!

Source code:
https://github.com/VasileiosBouzas/

MeshSimplification

Article in ISPRS Journal

Thesis & presentation soon 

available at TUDelft library

https://github.com/VasileiosBouzas/MeshSimplification

