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Stefan Zweig



Contents

Introduction

1.1 Industrial Design Process . . . .. . .. .. ... ... ... ......

1.2 Generative Engineering Design . . . . . .. ... .. ... ..

1.3 Deep Generative Modeling . . . . . ... ... .. ... ... ...

1.4 Deep Generative Models for Engineering . . . . . . .. ... ... ...

1.5 Publications . . . . . . . .. L
1.5.1 Other Work . . . . . .. . .. .

Generation of Plausible Designs

2.1 Imtroduction . . . . . . . . . .. L
2.2 Plausibility-oriented Diffusion Modeling . . . . .. ... ... .....
2.2.1 Background . . . . ... Lo
2.2.2 Noise Range Relevant to Plausibility . . . . .. ... ... ...
2.2.3 Training and Generation Procedures . . . . . . ... ... ...
2.3 Evaluationand Results. . . . . .. ... ... ... ... .. .. ...
2.3.1 Training Configurations . . . . . ... ... ... ... .....
232 Results . ... .. .
2.3.3 Alignment Test . . . . . . .. .. ...
2.4 Controllable Generation and Design Editing . . . . . . ... ... ...
2.5 Conclusion . . . . . . . ..

Evaluating the Plausibility with Deep Learning

3.1 Imtroduction . . . . . . . . . . . .
3.2 Related Work on DGM Evaluation . . . . ... ... ... .......
3.3 Preliminaries . . . . . . . ...

3.4 Method . . .. . . . . .

0 J ot =

10
13
14

15
16
17
17
20
25
26
27
27
31
31
33



Contents

3.5 Experiments. . . . . . . .. L 45
3.5.1 Datasets . . . . . . .. 45
3.5.2  Experimental Settings . . . . . ... ... ... .. ... 45
3.5.3 Sensitivity Test . . . . . . ... o 48
3.5.4 Consistency with Increasing Disturbances . . . . ... ... .. 51
3.5.,5 Model Ranking . . . . ... ... ... oL 52
3.5.6 Grad-CAM Visualization . . . ... ... ... ... ...... 54
3.5.7 Reconstruction with Denoising Autoencoder . . . . . . . .. .. 55

3.6 Conclusion . . . . . . . . ... 56

Shape Generation with Learning-free Decomposition 59

4.1 Inmtroduction . . . . . . . . . . L 60

4.2 Method . . . . . ... 61
4.2.1 Spectral Representation of Mesh . . . . . ... ... ... ... 61
4.2.2 Spectral Domain Diffusion . . . . . .. ... ... 0. 66
4.2.3 Mesh Generation . . . . . . ... oo 67

4.3 Experiments. . . . . . . ... Lo 67
4.3.1 Experimental Dataset and Setup . . . . . ... ... ... ... 67
4.3.2 Evaluation Metrics . . . . . . .. ... oL oo 67
4.3.3 Ablation Study . . . .. ... Lo 69
434 Results . .. ... L 73

4.4 Conclusion . . . . . . .. L 75

Learning Efficient Representations for 3D-Surfaces s

5.1 Imtroduction . . . . . . . . . ... 77

5.2 Preliminaries . . . . . . . . . .. 80

5.3 Method . . . . . . .. 81
5.3.1 Preprocess NURBS Parameters . . . . . ... ... ....... 82
5.3.2 Learning NURBS Features with Autoencoder . . . . . ... .. 83

5.4 Experiments. . . . . . ... L L 84
5.4.1 Datasets . . . . . . .o 84
5.4.2 Surface reconstruction . . . . . ... ... 85
5.4.3 CAD (B-Rep) Generation . . . ... ... .. ... ....... 87
5.4.4 Segmentation . . . . ... ... L 89

5.5 Implementation Details . . . . .. .. ... .. ... L. 91

5.6 Conclusion . . . . . . . . . . . 92



Contents 111
6 Application in Industrial Development Processes 95
6.1 DGM-based Generative Engineering Design . . . . . . ... ... ... 95
6.2 Automotive A-pillar Design . . . . . . ... ... oL 97
6.2.1 Background and Motivation . . . . . . ... ..o 97

6.2.2 Cross-Section Blueprints . . . . . ... ... ... 99

6.2.3 Generation of Cross-Section Designs with GANs . . . . .. .. 100

6.2.4 A-pillar Blueprint Autocompletion . . . . ... ... ... ... 103

6.3 Vehicle Rim Design . . . . . .. ... ... o o 104
6.3.1 Rim Design Data . . . . . ... ... ... ... ... ... 105

6.3.2 Design Inspiration . . . . . . ... ... .. oL 105

6.4 Conclusion . . . . .. ... 107

7 Conclusion and Outlook 109
7.1 Research Question Revisited . . . . . . . .. .. ... ... ... ... 109
7.2 Limitations and Future Work . . . . . . .. ... ... ... ...... 111
7.3 The Future of DGMs in Generative Engineering Design. . . . . . . .. 113
Bibliography i
List of Abbreviations xxi
Summary xxiii
Samenvatting XXV
Acknowledgment xxvii

Curriculum Vitae

xxix



IV

Contents




