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Three-dimensional reconstruction cloud studio based on
semi-supervised generative adversarial networks

YU Chong
NVIDIA Semiconductor Technology Co., Ltd., Shanghai 201210, China

Abstract: Because of the intrinsic complexity in computation, three-dimensional (3D) reconstruction is an essential and
challenging topic in computer vision research and applications. The existing methods for 3D reconstruction often produce
holes, distortions and obscure parts in the reconstructed 3D models. While the 3D reconstruction algorithms based on
machine learning can only reconstruct voxelized 3D models for simple isolated objects, they are not adequate for real us-
age. From 2014, the generative adversarial network (GAN) is widely used in generating unreal dataset and
semi-supervised learning. So the focus of this paper is to achieve high quality 3D reconstruction performance by adopting
GAN principle. A novel semi-supervised 3D reconstruction framework, namely SS-GAN-3D was proposed, which can
iteratively improve any raw 3D reconstruction models by training the GAN models to converge. This new model only
takes 2D observation images as the weak supervision, and doesn’t rely on prior knowledge of shape models or any refer-
enced observations. Finally, through qualitative and quantitative experiments and analysis, this new method shows com-
pelling advantages over the current state-of-the-art methods on Tanks & Temples and ETH3D reconstruction benchmark
datasets. Based on SS-GAN-3D, the 3D reconstruction studio solution was proposed.

Key words: three-dimensional reconstruction, generative adversarial network, semi-supervised learning, cloud studio
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#z1 K EEE XY Tanks and Temples E AN K & _FAIREHE
(=R7RE7 b Family Francis Horse Lighthouse M60 Panther Playground Train Auditorium Ballroom Courtroom Museum Palace Temple
COLMAP 56.02 3435 40.34 41.07 53.51  39.94 38.17 41.93 31.57 24.25 38.79 4512 27.85 3430
MVE 37.65 1874 11.15 27.86 3.68 25.55 12.01 20.73 6.93 9.65 21.39 2599 1255 14.74
MVE+SMVS 3036 17.80 15.72 29.53 34.54  29.59 11.42 22.05 8.29 10.62 21.24 18.57 1145 12.76
OpenMVG+MVE 3888 2244 1827 31.98 31.17 3148 23.32 26.11 14.21 19.73 25.94 28.33 10.79  17.94
OpenMVG+PMVS 6126  49.72 37.79 47.92 47.10  52.88 41.18 37.20 26.79 29.10 42.70 47.82 2378  28.58
OpenMVG+SMVS 3187  21.36 16.69 31.63 3471  33.83 32.61 26.32 16.45 14.72 22.92 20.05 1281  15.07
SS-GAN-3D 66.63 4899 42.15 50.07 5335  52.89 46.30 41.21 38.01 29.08 43.04 4823 3059 3345
VisualSFM+PMVS  59.13  38.67 35.25 48.92 5320 53.74 46.02 33.69 37.57 29.75 41.31 4036  31.16  18.69
=2 £ EFEE XA Tanks and Temples E8E X & FAY B @R
Skt Family Francis Horse Lighthouse M60 Panther Playground Train Auditorium Ballroom Courtroom Museum Palace Temple
COLMAP 4582 1646 18.79 49.34 59.69 57.01 66.61 42.15 10.73 26.29 31.40 3844 1336 23.56
MVE 68.52 32775 1474 68.59 8.14 7540 3.83 49.32 2.92 18.26 40.21 52.05 14.79 1951
MVE+SMVS 3047 15.62 7.82 41.06 4520 52.71 1.34 20.86 0.51 4.96 14.13 21.03 5.84 580
OpenMVG+MVE 69.70 3791 24.01 73.21 7115 7741 84.71 57.69 15.22 39.72 43.42 55.74 220 3141
OpenMVG+PMVS 30.85 1077 7.73 28.73 30.04 24.19 25.88 22.58 2.48 7.63 13.93 2099 394 8.8
OpenMVG+SMVS 3199 18.66 13.65 43.16 4551 54.02 39.91 24.02 4.41 9.54 17.46 24.11 6.82 1035
SS-GAN-3D 69.31 38.11 25.12 72.89 69.97 77.60 83.55 55.72 15.47 37.66 43.59 5483 1474 32.28
VisualSFM+PMVS 2802 777 673 27.83 3436 25.07 28.86 8.25 2.49 6.63 10.20 1330  4.15 1.13
=3 ZEFEE X Tanks and Temples EAENKE FHY F 95
kg Family Francis Horse Lighthouse M60 Panther Playground Train Auditorium Ballroom Courtroom Museum Palace Temple
COLMAP 5041 2226 25.64 44.83 56.43  46.97 48.53 42.04 16.02 25.23 34.71 41.51 18.06  27.93
MVE 48.60 23.84 1270 39.63 5.07 3817 5.81 29.19 4.11 12.63 27.93 3467 1358 16.79
MVE+SMVS 3041  16.64 1044 34.35 39.16  37.90 2.40 21.44 0.96 6.76 16.97 19.72 7.73 7.98
OpenMVG+MVE  49.92  28.19 20.75 4451 4335 4476 36.57 35.95 14.70 26.36 32.48 37.57 3.65 22.84
OpenMVG+PMVS  41.04 17.70 12.83 35.92 36.68 33.19 31.78 28.10 4.54 12.09 21.01 29.17 6.76  12.72
OpenMVG+SMVS 3193 19.92  15.02 36.51 39.38  41.60 35.89 25.12 6.96 11.58 19.82 21.89 8.90 12.27
SS-GAN-3D 67.94 42.87 3148 59.36 60.54 6291 59.58 47.38 21.99 32.82 43.31 5132 19.89 32.85
VisualSFM+PMVS  38.02  12.94 11.30 35.48 41.75  34.19 35.47 13.25 4.67 10.84 16.36 20.01 7.32 2.13
*4 FERE AT ETH3D 2N & FREHE
kg Bg;?:;:;al Boulders Bridge Door Exhgsliltion L::(:;l;e I;gg:r;g Lounge  Observatory corg:)iter Statue Terrace
COLMAP 93.68 86.15 93.37 95.10 90.28 92.11 95.03 89.75 94.93 79.95 98.27 95.04
Gipuma 84.20 73.57 89.55 90.44 84.24 84.38 94.89 76.35 80.40 76.14 96.80 82.36
MVE 62.66 51.91 31.61 39.28 40.65 50.76 74.98 56.24 44.67 33.94 64.11 71.04
PMVS 96.71 92.97 90.31 89.57 88.51 90.11 95.12 90.98 88.92 77.55 97.07 83.13
SS-GAN-3D 94.84 91.27 93.70 95.42 90.63 93.69 95.33 89.57 93.49 81.76 97.64 94.35
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.80 AR SRR P 1

x5 FERE AT ETH3D 2ENRE LM EIE
N = Botanical . Exhibition Lecture Living Old
(ERGRE b s garden Boulders Bridge Door hall room room Lounge  Observatory computer Statue Terrace
COLMAP 81.44 53.00 83.75 75.53 48.34 48.81 81.40 24.14 90.30 32.95 60.52 75.65
Gipuma 70.99 39.64 19.85 72.56 20.10 16.16 21.47 5.08 71.16 13.07 43.70 25.08
MVE 34.56 26.92 26.57 38.87 11.73 11.37 27.44 1.37 50.42 11.41 14.60 36.93
PMVS 25.87 27.58 50.92 49.78 21.37 14.17 40.81 2.01 66.62 9.61 38.88 34.49
SS-GAN-3D 83.99 52.87 84.34 83.63 56.59 57.60 86.62 34.76 94.52 42.87 74.76 81.92
*6 FEREAE ETHID 2ENRE LW F 5K
e 7 Botanical . Exhibition  Lecture  Living Old
(R7RET b garden Boulders  Bridge  Door hall room room Lounge  Observatory computer Statue  Terrace
COLMAP 87.13 65.63 88.30  84.19 62.97 63.81 87.69 38.05 92.56 46.67 74.91 84.24
Gipuma 77.03 51.52 32,50  80.52 32.46 27.13 35.02 9.53 75.50 22.31 60.22 38.45
MVE 44.55 35.45 28.87  39.07 18.21 18.58 40.18 2.67 47.37 17.08 23.78 48.60
PMVS 40.82 42.54 65.12  63.99 34.43 24.49 57.12 3.93 76.17 17.10 55.52 48.75
SS-GAN-3D 89.09 66.95 88.77  89.14 69.67 71.34 90.77 50.08 94.00 56.25 84.68 87.70
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