
supplemental/colorHVedge_embedded_cross_1.0_EB1.0_Lab_report.pdf


Front Back


{'OPTIMIZING_RESOLUTION_X': 16,
 'OPTIMIZING_RESOLUTION_Y': 16,
 'OPTIMIZING_RESOLUTION_Z': 8,
 'RESOLUTION_DPI': 203.2,
 'RESOLUTION_DPI_XY': 152.39999999999998,
 'cmd line': 'experiments/test_thin_optimization.py --config '
             '../experiments/test_thin_optimization_config_siggraph.yml -o '
             '../experiments/siggraph_submission/ --threads 3',
 'colorspace': 'lab',
 'edge_boosting': 1.0,
 'exists': 'skip',
 'git revision': '3183bd5',
 'halftoning_voxel_size': None,
 'initialization': 'embedded_cross',
 'lab_weights': [1.0, 1.0, 1.0],
 'one_channel': False,
 'optimization_method': 'trf',
 'optimization_mode': 'full',
 'output_dir': '../experiments/siggraph_submission/colorHVedge_embedded_cross_1.0_EB1.0_Lab',
 'padding': 'edge',
 'samples': 512,
 'skip_halftoning': True,
 'target': 'experiments/16x16x2-patch-5.png',
 'thickness': 1.0}


25


30


35


40


45


cie
de


19
76


ciede1976


0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 56
iteration


0.2


0.3


0.4


0.5


0.6


rms front
rms back
ssim front
ssim back







0


45.20
2 0.447 0.444 SSIM front: 0.163 SSIM back: 0.207


3


43.94
6 0.415 0.434 SSIM front: 0.272 SSIM back: 0.295


6


39.31
5 0.315 0.359 SSIM front: 0.472 SSIM back: 0.415


9


46.36
3 0.327 0.337 SSIM front: 0.475 SSIM back: 0.468


12


29.92
5 0.290 0.322 SSIM front: 0.522 SSIM back: 0.464


15


28.92
6 0.288 0.308 SSIM front: 0.540 SSIM back: 0.493


18


27.73
1 0.285 0.302 SSIM front: 0.550 SSIM back: 0.517


21


27.15
1 0.283 0.295 SSIM front: 0.563 SSIM back: 0.528


24


25.86
5 0.280 0.294 SSIM front: 0.582 SSIM back: 0.543


27


24.37
1 0.278 0.290 SSIM front: 0.597 SSIM back: 0.567


30


24.16
9 0.275 0.286 SSIM front: 0.604 SSIM back: 0.572







33


23.56
3 0.274 0.284 SSIM front: 0.613 SSIM back: 0.584


36


23.15
6 0.271 0.282 SSIM front: 0.621 SSIM back: 0.591


39


22.63
6 0.272 0.280 SSIM front: 0.622 SSIM back: 0.602


42


22.57
5 0.269 0.280 SSIM front: 0.635 SSIM back: 0.601


45


23.17
5 0.270 0.277 SSIM front: 0.627 SSIM back: 0.603


48


23.27
6 0.270 0.278 SSIM front: 0.621 SSIM back: 0.599


51


23.25
2 0.270 0.277 SSIM front: 0.626 SSIM back: 0.603


54


23.16
2 0.269 0.277 SSIM front: 0.627 SSIM back: 0.600


56


23.22
5 0.270 0.278 SSIM front: 0.628 SSIM back: 0.598


{'cost': 58680073270.73047,
 'message': '`xtol` termination condition is satisfied.',
 'nfev': 57,
 'njev': 30,
 'optimality': 305534.90958001604,
 'status': 3,
 'success': True}







__MACOSX/supplemental/._colorHVedge_embedded_cross_1.0_EB1.0_Lab_report.pdf


supplemental/colorHVedge_embedded_cross_0.5_EB1.0_fab2017_report.pdf


Front Back


{'OPTIMIZING_RESOLUTION_X': 16,
 'OPTIMIZING_RESOLUTION_Y': 16,
 'OPTIMIZING_RESOLUTION_Z': 8,
 'RESOLUTION_DPI': 406.4,
 'RESOLUTION_DPI_XY': 152.39999999999998,
 'cmd line': 'experiments/test_thin_optimization.py --config '
             '../experiments/test_thin_optimization_config_siggraph.yml -o '
             '../experiments/siggraph_submission/ --threads 3',
 'colorspace': 'linear',
 'edge_boosting': 1.0,
 'exists': 'skip',
 'git revision': '3183bd5',
 'halftoning_voxel_size': None,
 'initialization': 'embedded_cross',
 'lab_weights': [1.0, 1.0, 1.0],
 'one_channel': False,
 'optimization_method': 'custom',
 'optimization_mode': 'fab2017',
 'output_dir': '../experiments/siggraph_submission/colorHVedge_embedded_cross_0.5_EB1.0_fab2017',
 'padding': 'edge',
 'samples': 512,
 'skip_halftoning': True,
 'target': 'experiments/16x16x2-patch-5.png',
 'thickness': 0.5}


25


30


35


40


45


cie
de


19
76


ciede1976


0 2 4 6 8 10 12 14 16 18 20
iteration


0.1


0.2


0.3


0.4


0.5


0.6


0.7
rms front
rms back
ssim front
ssim back







0


45.42
0 0.470 0.465 SSIM front: 0.115 SSIM back: 0.134


2


40.20
9 0.434 0.417 SSIM front: 0.334 SSIM back: 0.351


4


33.94
1 0.292 0.303 SSIM front: 0.433 SSIM back: 0.507


6


28.93
7 0.293 0.313 SSIM front: 0.532 SSIM back: 0.567


8


26.13
8 0.306 0.317 SSIM front: 0.586 SSIM back: 0.605


10


26.45
4 0.316 0.318 SSIM front: 0.608 SSIM back: 0.636


12


25.23
0 0.318 0.319 SSIM front: 0.623 SSIM back: 0.662


14


25.80
1 0.323 0.318 SSIM front: 0.608 SSIM back: 0.668


16


25.76
6 0.323 0.324 SSIM front: 0.633 SSIM back: 0.664


18


25.47
8 0.326 0.321 SSIM front: 0.629 SSIM back: 0.678


20


25.62
9 0.324 0.319 SSIM front: 0.637 SSIM back: 0.675







__MACOSX/supplemental/._colorHVedge_embedded_cross_0.5_EB1.0_fab2017_report.pdf


supplemental/colorHVedge_embedded_cross_1.0_EB1.0_fab2017_report.pdf


Front Back


{'OPTIMIZING_RESOLUTION_X': 16,
 'OPTIMIZING_RESOLUTION_Y': 16,
 'OPTIMIZING_RESOLUTION_Z': 8,
 'RESOLUTION_DPI': 203.2,
 'RESOLUTION_DPI_XY': 152.39999999999998,
 'cmd line': 'experiments/test_thin_optimization.py --config '
             '../experiments/test_thin_optimization_config_siggraph.yml -o '
             '../experiments/siggraph_submission/ --threads 3',
 'colorspace': 'linear',
 'edge_boosting': 1.0,
 'exists': 'skip',
 'git revision': '3183bd5',
 'halftoning_voxel_size': None,
 'initialization': 'embedded_cross',
 'lab_weights': [1.0, 1.0, 1.0],
 'one_channel': False,
 'optimization_method': 'custom',
 'optimization_mode': 'fab2017',
 'output_dir': '../experiments/siggraph_submission/colorHVedge_embedded_cross_1.0_EB1.0_fab2017',
 'padding': 'edge',
 'samples': 512,
 'skip_halftoning': True,
 'target': 'experiments/16x16x2-patch-5.png',
 'thickness': 1.0}


25


30


35


40


45


cie
de


19
76


ciede1976


0 2 4 6 8 10 12 14 16 18 20
iteration


0.2


0.3


0.4


0.5


0.6


0.7


rms front
rms back
ssim front
ssim back







0


45.36
0 0.446 0.442 SSIM front: 0.165 SSIM back: 0.215


2


40.00
2 0.414 0.392 SSIM front: 0.339 SSIM back: 0.380


4


30.50
2 0.296 0.277 SSIM front: 0.438 SSIM back: 0.515


6


25.40
6 0.281 0.280 SSIM front: 0.520 SSIM back: 0.638


8


24.44
7 0.282 0.284 SSIM front: 0.591 SSIM back: 0.675


10


23.79
4 0.281 0.282 SSIM front: 0.632 SSIM back: 0.693


12


23.62
2 0.280 0.282 SSIM front: 0.644 SSIM back: 0.707


14


23.10
1 0.280 0.281 SSIM front: 0.670 SSIM back: 0.711


16


22.83
7 0.283 0.283 SSIM front: 0.680 SSIM back: 0.717


18


22.03
1 0.280 0.283 SSIM front: 0.684 SSIM back: 0.723


20


22.80
7 0.279 0.284 SSIM front: 0.696 SSIM back: 0.724







__MACOSX/supplemental/._colorHVedge_embedded_cross_1.0_EB1.0_fab2017_report.pdf


supplemental/colorHVedge_embedded_cross_1.0_EB1.0_full_report.pdf


Front Back


{'OPTIMIZING_RESOLUTION_X': 16,
 'OPTIMIZING_RESOLUTION_Y': 16,
 'OPTIMIZING_RESOLUTION_Z': 8,
 'RESOLUTION_DPI': 203.2,
 'RESOLUTION_DPI_XY': 152.39999999999998,
 'cmd line': 'experiments/test_thin_optimization.py --config '
             '../experiments/test_thin_optimization_config_siggraph.yml -o '
             '../experiments/siggraph_submission/ --threads 3',
 'colorspace': 'linear',
 'edge_boosting': 1.0,
 'exists': 'skip',
 'git revision': '3183bd5',
 'halftoning_voxel_size': None,
 'initialization': 'embedded_cross',
 'lab_weights': [1.0, 1.0, 1.0],
 'one_channel': False,
 'optimization_method': 'trf',
 'optimization_mode': 'full',
 'output_dir': '../experiments/siggraph_submission/colorHVedge_embedded_cross_1.0_EB1.0_full',
 'padding': 'edge',
 'samples': 512,
 'skip_halftoning': True,
 'target': 'experiments/16x16x2-patch-5.png',
 'thickness': 1.0}


25


30


35


40


45


cie
de


19
76


ciede1976


0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36
iteration


0.2


0.3


0.4


0.5


0.6


rms front
rms back
ssim front
ssim back







0


45.39
0 0.446 0.443 SSIM front: 0.164 SSIM back: 0.212


2


30.89
2 0.289 0.297 SSIM front: 0.513 SSIM back: 0.481


4


27.60
5 0.259 0.269 SSIM front: 0.547 SSIM back: 0.530


6


26.01
0 0.247 0.258 SSIM front: 0.580 SSIM back: 0.564


8


25.31
0 0.243 0.253 SSIM front: 0.591 SSIM back: 0.573


10


24.76
0 0.237 0.249 SSIM front: 0.605 SSIM back: 0.579


12


24.45
1 0.236 0.247 SSIM front: 0.612 SSIM back: 0.593


14


23.99
6 0.234 0.244 SSIM front: 0.619 SSIM back: 0.593


16


23.47
9 0.233 0.241 SSIM front: 0.617 SSIM back: 0.598


18


23.41
8 0.233 0.241 SSIM front: 0.619 SSIM back: 0.597


20


23.18
0 0.232 0.240 SSIM front: 0.618 SSIM back: 0.600







22


22.92
0 0.231 0.238 SSIM front: 0.624 SSIM back: 0.605


24


22.94
1 0.230 0.238 SSIM front: 0.624 SSIM back: 0.598


26


22.74
8 0.232 0.238 SSIM front: 0.622 SSIM back: 0.602


28


22.82
6 0.231 0.238 SSIM front: 0.625 SSIM back: 0.604


30


22.99
1 0.230 0.238 SSIM front: 0.625 SSIM back: 0.603


32


22.94
2 0.230 0.238 SSIM front: 0.624 SSIM back: 0.605


34


23.00
6 0.230 0.239 SSIM front: 0.628 SSIM back: 0.599


36


22.89
5 0.230 0.238 SSIM front: 0.626 SSIM back: 0.604


{'cost': 42050406.990917325,
 'message': '`xtol` termination condition is satisfied.',
 'nfev': 37,
 'njev': 25,
 'optimality': 46.59427261293938,
 'status': 3,
 'success': True}







__MACOSX/supplemental/._colorHVedge_embedded_cross_1.0_EB1.0_full_report.pdf


supplemental/colorHVedge_random_0.5_EB1.0_full_report.pdf


Front Back


{'OPTIMIZING_RESOLUTION_X': 16,
 'OPTIMIZING_RESOLUTION_Y': 16,
 'OPTIMIZING_RESOLUTION_Z': 8,
 'RESOLUTION_DPI': 406.4,
 'RESOLUTION_DPI_XY': 152.39999999999998,
 'cmd line': 'experiments/test_thin_optimization.py --config '
             '../experiments/test_thin_optimization_config_siggraph.yml -o '
             '../experiments/siggraph_submission/ --threads 3',
 'colorspace': 'linear',
 'edge_boosting': 1.0,
 'exists': 'skip',
 'git revision': '0b50f04',
 'halftoning_voxel_size': None,
 'initialization': 'random',
 'lab_weights': [1.0, 1.0, 1.0],
 'one_channel': False,
 'optimization_method': 'trf',
 'optimization_mode': 'full',
 'output_dir': '../experiments/siggraph_submission/colorHVedge_random_0.5_EB1.0_full',
 'padding': 'edge',
 'samples': 512,
 'skip_halftoning': True,
 'target': 'experiments/16x16x2-patch-5.png',
 'thickness': 0.5}


25


30


35


40


45


50


cie
de


19
76


ciede1976


0 2 4 6 8 10 12 14 16 18 20 22 24 25
iteration


0.3


0.4


0.5


0.6


rms front
rms back
ssim front
ssim back







0


49.25
3 0.442 0.440 SSIM front: 0.291 SSIM back: 0.278


2


29.49
1 0.294 0.285 SSIM front: 0.524 SSIM back: 0.531


4


28.41
2 0.282 0.280 SSIM front: 0.537 SSIM back: 0.539


6


27.88
4 0.270 0.268 SSIM front: 0.608 SSIM back: 0.591


8


25.57
8 0.256 0.266 SSIM front: 0.590 SSIM back: 0.560


10


25.10
8 0.256 0.261 SSIM front: 0.599 SSIM back: 0.584


12


25.65
7 0.258 0.254 SSIM front: 0.593 SSIM back: 0.601


14


24.57
2 0.257 0.259 SSIM front: 0.569 SSIM back: 0.574


16


25.42
1 0.259 0.255 SSIM front: 0.589 SSIM back: 0.598


18


25.68
6 0.258 0.255 SSIM front: 0.590 SSIM back: 0.598


20


25.65
3 0.259 0.255 SSIM front: 0.590 SSIM back: 0.601







22


25.53
5 0.258 0.255 SSIM front: 0.597 SSIM back: 0.597


24


25.67
1 0.259 0.256 SSIM front: 0.591 SSIM back: 0.597


25


25.64
9 0.258 0.255 SSIM front: 0.590 SSIM back: 0.600


{'cost': 50305353.5450449,
 'message': '`xtol` termination condition is satisfied.',
 'nfev': 26,
 'njev': 10,
 'optimality': 93.0065250924045,
 'status': 3,
 'success': True}







__MACOSX/supplemental/._colorHVedge_random_0.5_EB1.0_full_report.pdf


supplemental/main_supplemental.pdf


Geometry-Aware Scattering Compensation for 3D Printing:
Supplemental Document


DENIS SUMIN∗,Max Planck Institute for Informatics, Germany
TOBIAS RITTIG∗, Charles University, Czech Republic
VAHID BABAEI,Max Planck Institute for Informatics, Germany
THOMAS NINDEL, Charles University, Czech Republic
ALEXANDER WILKIE, Charles University, Czech Republic
PIOTR DIDYK, Università della Svizzera italiana, Switzerland
BERND BICKEL, IST Austria, Austria
JAROSLAV KŘIVÁNEK, Charles University, Czech Republic
KAROL MYSZKOWSKI,Max Planck Institute for Informatics, Germany
TIM WEYRICH, University College London, United Kingdom


ACM Reference Format:
Denis Sumin, Tobias Rittig, Vahid Babaei, Thomas Nindel, Alexander Wilkie,
Piotr Didyk, Bernd Bickel, Jaroslav Křivánek, Karol Myszkowski, and Tim
Weyrich. 2019. Geometry-Aware Scattering Compensation for 3D Printing:
Supplemental Document. ACM Trans. Graph. 38, 4, Article 111 (July 2019),
3 pages. https://doi.org/10.1145/3306346.3322992


1 INTRODUCTION
In this supplemental material, we provide full-volume optimization
reports (Section 2) and additional information on the comparison
of the proposed full-3D method to a possible simple extension of
the state-of-the-art work by Elek et al. [2017] referred to as the
2.5D method. In Section 3, we describe our implementation of this
extension. Then, in Section 4 we discuss the comparison of the
results obtained with the 2.5D and proposed 3D methods.


2 FULL-VOLUME OPTIMIZATION REPORTS
Section 3.1 of the paper discusses a full-volume optimization for
small test cases where finding a solution is feasible with a conjugate-
gradient optimization. Alongside with this document we provide


∗Denis Sumin and Tobias Rittig share the first authorship of this work.


This is a supplemental material.
Authors’ addresses: Denis Sumin, Max Planck Institute for Informatics, Saarbrücken,
Germany, denis.sumin@mpi-inf.mpg.de; Tobias Rittig, Charles University, Prague,
Czech Republic, tobias@cgg.mff.cuni.cz; Vahid Babaei, Max Planck Institute for In-
formatics, Saarbrücken, Germany; Thomas Nindel, Charles University, Prague, Czech
Republic; Alexander Wilkie, Charles University, Prague, Czech Republic; Piotr Didyk,
Università della Svizzera italiana, Lugano, Switzerland; Bernd Bickel, IST Austria,
Maria Gugging, Austria; Jaroslav Křivánek, Charles University, Prague, Czech Republic;
Karol Myszkowski, Max Planck Institute for Informatics, Saarbrücken, Germany; Tim
Weyrich, University College London, London, United Kingdom.


Permission to make digital or hard copies of all or part of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full citation
on the first page. Copyrights for components of this work owned by others than the
author(s) must be honored. Abstracting with credit is permitted. To copy otherwise, or
republish, to post on servers or to redistribute to lists, requires prior specific permission
and/or a fee. Request permissions from permissions@acm.org.
© 2019 Copyright held by the owner/author(s). Publication rights licensed to ACM.
0730-0301/2019/7-ART111 $15.00
https://doi.org/10.1145/3306346.3322992


an archive with a collection of 27 optimization reports. A separate
README-file in the archive describes the report layout.


3 REMAPPING OF PLANAR SLABS
In their work, Elek et al. [2017] presented a method for finding
a scattering-compensated solution for fabrication of planar slabs
with a texture. Their method can be extended to 3D by processing
a texture in 2.5D and subsequently remapping this planar volume
on a 3D mesh using the UV parametrization of the texture and the
distance field of the voxelized object. Below we describe the exact
procedure which we used for the conducted experiments.
A manual preprocessing pass on the UV mapping ensures as


little stretch as possible and manifests enough margin between
UV islands and to the border avoiding light bleeding between dis-
connected pieces. While rebaking the texture, these margins get
filled by an inpainting algorithm. This benefits the planar scattering
compensation by not introducing artificial color contrasts between
UV covered regions and background, while also avoiding light in-
scattering from the slabs boundaries.


Color distortions due to different orders of light scattering before
and after the remapping are avoided by carefully selecting the slab’s
dimensions in the planar optimization. The lateral extent is scaled
in a way that aligns texture-space distances with the corresponding
distances on the final remapped object. So the extent in UV space
of light scattering through the volume is kept constant during the
remapping.
We optimize a slab with the preprocessed texture applied until


the method described in [Elek et al. 2017] converges. The interme-
diate result, a 2.5D slab of RGB values, only needs to be warped
into its final shape of the 3D surface to be ready for printing. This
transformation uses the closest surface point mapping as described
in our native 3D pipeline (see Section 5.1 of the paper). Additionally
to texture color and normal, we also store the UV coordinate per
surface voxel. When iterating over all inside voxels in a backwards-
mapping fashion, we look up the corresponding surface voxel and its
UV coordinate. The latter identifies the column (texel) on the 2.5D
surface, while the distance to the former sets the lookup depth for
the value stored at the current voxel. This way, conflicting columns
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on convex surfaces are clipped to the maximum available depth of
half the geometry thickness. Concave surfaces instead expand their
columns in deeper layers. In the end, the resulting RGB 3D volume
is halftoned for prediction or fabrication.


4 COMPARISON OF 2.5D AND 3D METHODS
Figure 1 presents the comparison of the 2.5Dmethod to the proposed
3D method on all models used in the paper (Figure 14 in the paper).
In this figure, columns (b) and (c) demonstrate rendered solutions
obtained with the preview setup as described in Section 5.4 of the
paper. Results of Our method in column (c) include all features
described in the paper: full-3D processing, the new Update step,
content-aware gamut-mapping.
As the 2.5D method operates on distorted object shape, the ob-


tained results exhibit global and local artifacts. The red vase (row 2)
and the cheetah-cat (row 3) are already discussed in Section 7.1 of
the paper. We observe that the color of the red vase is over-saturated.
The thin parts of the object (e.g., the hollow neck and basement
of the red vase) feature unwanted blackening. The abdominal of
the cheetah-cat has severe color shifts in the 2.5D solution. The
yellow vase (row 1) is over-saturated in the case of 2.5D method,


the predicted appearance does not match the target specification.
These observations are supported by the CIEDE2000 metric values
calculated on the renderings which are on average 1.5 times lower
for the full-3D solution in comparison to the 2.5D method.
Comparing these three models to the existing solutions (Grab-


CAD, Cuttlefish in Figure 14 of the paper) we can conclude that the
2.5D method reproduces texture details better (local contrast); how-
ever, the uncontrolled introduction of artifacts makes the method
unacceptable for general use.


The thin-geometry objects (rows 4–5) show that the 2.5D method
achieves the level of quality of the existing solutions (GrabCAD, Cut-
tlefish); the visible cross-talk is comparable to them and significant.
This is, in fact, not surprising as the 2.5D method operates under
the assumption of a thick bulk of the material. The results obtained
with the proposed 3D method demonstrate the significantly reduced
cross-talk and the improved match to the target specification.
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(a) Target (b) 2.5D method (c) Our method


Fig. 1. Comparison on 5 target (a) models: (b) 2.5D method, the natural extension of [Elek et al. 2017], (c) Our scattering- and crosstalk-compensated solution.
The last model is a thin planar slab of 0.5 mm thickness with two different textures on its front and back sides.
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{'cost': 39524085.293129206,
 'message': '`xtol` termination condition is satisfied.',
 'nfev': 32,
 'njev': 15,
 'optimality': 61.02191063623266,
 'status': 3,
 'success': True}
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{'cost': 5493002.738960701, 'message': '`xtol` termination condition is satisfied.', 'nfev': 35, 'njev': 20, 'optimality': 18.628807609916098, 'status': 3, 'success': True}
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{'cost': 50223189.5012952,
 'message': '`xtol` termination condition is satisfied.',
 'nfev': 36,
 'njev': 25,
 'optimality': 39.66114241868979,
 'status': 3,
 'success': True}
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{'cost': 76531184326.55412,
 'message': '`xtol` termination condition is satisfied.',
 'nfev': 53,
 'njev': 27,
 'optimality': 272259.88550572953,
 'status': 3,
 'success': True}
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{'cost': 57404813438.33594,
 'message': '`xtol` termination condition is satisfied.',
 'nfev': 58,
 'njev': 30,
 'optimality': 271687.43362486106,
 'status': 3,
 'success': True}
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 'message': '`xtol` termination condition is satisfied.',
 'nfev': 41,
 'njev': 19,
 'optimality': 229177.61449357698,
 'status': 3,
 'success': True}
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{'cost': 54842195583.48601,
 'message': '`xtol` termination condition is satisfied.',
 'nfev': 62,







 'njev': 33,
 'optimality': 225411.2677777352,
 'status': 3,
 'success': True}
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{'cost': 50184679.74963587,
 'message': '`xtol` termination condition is satisfied.',
 'nfev': 31,
 'njev': 15,
 'optimality': 78.09350894562817,
 'status': 3,
 'success': True}
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{'cost': 50822601.09541491,
 'message': '`xtol` termination condition is satisfied.',
 'nfev': 19,
 'njev': 7,
 'optimality': 51.0924681214138,
 'status': 3,
 'success': True}
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{'cost': 40313955.22040849,
 'message': '`xtol` termination condition is satisfied.',
 'nfev': 25,
 'njev': 14,
 'optimality': 59.97387652845463,
 'status': 3,
 'success': True}
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{'cost': 39525035.7820345,
 'message': '`xtol` termination condition is satisfied.',
 'nfev': 36,
 'njev': 20,
 'optimality': 67.20119561804822,
 'status': 3,
 'success': True}
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{'cost': 73811944617.73248,
 'message': '`xtol` termination condition is satisfied.',
 'nfev': 63,
 'njev': 35,
 'optimality': 202072.22848367796,
 'status': 3,
 'success': True}
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{'cost': 5538042.077197066, 'message': '`xtol` termination condition is satisfied.', 'nfev': 33, 'njev': 20, 'optimality': 30.672332724574073, 'status': 3, 'success': True}
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 'nfev': 19,
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 'status': 3,
 'success': True}
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 'status': 3,
 'success': True}
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 'message': '`xtol` termination condition is satisfied.',
 'nfev': 25,
 'njev': 14,
 'optimality': 59.97387652845463,
 'status': 3,
 'success': True}
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{'cost': 48510610187.234505,
 'message': '`xtol` termination condition is satisfied.',
 'nfev': 43,
 'njev': 21,
 'optimality': 257263.2414235165,
 'status': 3,
 'success': True}
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{'cost': 50223189.5012952,
 'message': '`xtol` termination condition is satisfied.',
 'nfev': 36,
 'njev': 25,
 'optimality': 39.66114241868979,
 'status': 3,
 'success': True}
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{'cost': 76531184326.55412,
 'message': '`xtol` termination condition is satisfied.',
 'nfev': 53,
 'njev': 27,
 'optimality': 272259.88550572953,
 'status': 3,
 'success': True}
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{'cost': 42050406.990917325,
 'message': '`xtol` termination condition is satisfied.',
 'nfev': 37,
 'njev': 25,
 'optimality': 46.59427261293938,
 'status': 3,
 'success': True}
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{'cost': 58680073270.73047,
 'message': '`xtol` termination condition is satisfied.',
 'nfev': 57,
 'njev': 30,
 'optimality': 305534.90958001604,
 'status': 3,
 'success': True}
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{'cost': 50305353.5450449,
 'message': '`xtol` termination condition is satisfied.',
 'nfev': 26,
 'njev': 10,
 'optimality': 93.0065250924045,
 'status': 3,
 'success': True}
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{'cost': 75457779019.04213,
 'message': '`xtol` termination condition is satisfied.',
 'nfev': 66,
 'njev': 35,
 'optimality': 305148.63520120434,
 'status': 3,
 'success': True}
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{'cost': 39524085.293129206,
 'message': '`xtol` termination condition is satisfied.',
 'nfev': 32,
 'njev': 15,
 'optimality': 61.02191063623266,
 'status': 3,
 'success': True}
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{'cost': 57404813438.33594,
 'message': '`xtol` termination condition is satisfied.',
 'nfev': 58,
 'njev': 30,
 'optimality': 271687.43362486106,
 'status': 3,
 'success': True}
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{'cost': 50184679.74963587,
 'message': '`xtol` termination condition is satisfied.',
 'nfev': 31,
 'njev': 15,
 'optimality': 78.09350894562817,
 'status': 3,
 'success': True}
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{'cost': 73811944617.73248,
 'message': '`xtol` termination condition is satisfied.',
 'nfev': 63,
 'njev': 35,
 'optimality': 202072.22848367796,
 'status': 3,
 'success': True}
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{'cost': 39525035.7820345,
 'message': '`xtol` termination condition is satisfied.',
 'nfev': 36,
 'njev': 20,
 'optimality': 67.20119561804822,
 'status': 3,
 'success': True}
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{'cost': 54842195583.48601,
 'message': '`xtol` termination condition is satisfied.',
 'nfev': 62,















 'njev': 33,
 'optimality': 225411.2677777352,
 'status': 3,
 'success': True}
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 'cmd line': 'sources/experiments/thick_patch_optimization.py --target sources/experiments/16x16-patch-6.png --mode full --optimizer trf --thickness 1. -o '
             'experiment_results/2019-01-13/thick-patch-6-full-linear-i2l-no-halftoning-random-init --no-halftoning -i 2layer --exists recalculate --samples 512 --colorspace '
             'linear -i random',
 'colorspace': 'linear',
 'edge_boosting': 1.0,
 'exists': 'recalculate',
 'git revision': '4af27ad',
 'initialization': 'random',
 'one_channel': False,
 'optimization_method': 'trf',
 'optimization_mode': 'full',
 'output_dir': 'experiment_results/2019-01-13/thick-patch-6-full-linear-i2l-no-halftoning-random-init',
 'padding': 'edge',
 'render_samples': 512,
 'samples': 512,
 'skip_halftoning': True,
 'target': 'sources/experiments/16x16-patch-6.png',
 'thickness': 1.0}
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{'cost': 5493002.738960701, 'message': '`xtol` termination condition is satisfied.', 'nfev': 35, 'njev': 20, 'optimality': 18.628807609916098, 'status': 3, 'success': True}
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             'experiment_results/2019-01-13/thick-patch-6-full-linear-i2l-no-halftoning --no-halftoning -i 2layer --exists recalculate --samples 512 --colorspace linear',
 'colorspace': 'linear',
 'edge_boosting': 1.0,
 'exists': 'recalculate',
 'git revision': '4af27ad',
 'initialization': '2layer',
 'one_channel': False,
 'optimization_method': 'trf',
 'optimization_mode': 'full',
 'output_dir': 'experiment_results/2019-01-13/thick-patch-6-full-linear-i2l-no-halftoning',
 'padding': 'edge',
 'render_samples': 512,
 'samples': 512,
 'skip_halftoning': True,
 'target': 'sources/experiments/16x16-patch-6.png',
 'thickness': 1.0}
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{'cost': 5538042.077197066, 'message': '`xtol` termination condition is satisfied.', 'nfev': 33, 'njev': 20, 'optimality': 30.672332724574073, 'status': 3, 'success': True}
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README for Reports 
 
A report shows one run of a (full) optimization. 
 
On the first page, the target for front (and back) is shown 
on the top.  
 
After a dump of all the input parameters, two plots show 
the convergence. 
 


1. A plot of CIE dE76 (CIELAB) independent of the 
optimized metric 


2. A plot of RMS (lower better) and SSIM (higher 
better) for front and back separately 


 
 
 
 
 
 
 
 


 
Starting from the second page, the individual iterations are shown in rows.  
Columns from left to right show: 


1. Iteration number and CIE dE76 error value  
2. Front rendering with front RMS 
3. Back rendering with back RMS 
4. Front CIE dE76 Error Map with histogram underneath (width is normalized to an error value of 100) 
5. Back CIE dE76 Error Map with histogram underneath (width is normalized to an error value of 100) 
6. Layers of the volume next to each other from front to back. SSIM values underneath 
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 'RESOLUTION_DPI_XY': 152.39999999999998,
 'cmd line': 'experiments/test_thin_optimization.py --config '
             '../experiments/test_thin_optimization_config_siggraph.yml -o '
             '../experiments/siggraph_submission/ --threads 3',
 'colorspace': 'linear',
 'edge_boosting': 1.0,
 'exists': 'skip',
 'git revision': '3183bd5',
 'halftoning_voxel_size': None,
 'initialization': '2layer',
 'lab_weights': [1.0, 1.0, 1.0],
 'one_channel': False,
 'optimization_method': 'custom',
 'optimization_mode': 'fab2017',
 'output_dir': '../experiments/siggraph_submission/colorHVedge_2layer_1.0_EB1.0_fab2017',
 'padding': 'edge',
 'samples': 512,
 'skip_halftoning': True,
 'target': 'experiments/16x16x2-patch-5.png',
 'thickness': 1.0}
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             '../experiments/siggraph_submission/ --threads 3',
 'colorspace': 'linear',
 'edge_boosting': 1.0,
 'exists': 'skip',
 'git revision': '3183bd5',
 'halftoning_voxel_size': None,
 'initialization': 'white',
 'lab_weights': [1.0, 1.0, 1.0],
 'one_channel': False,
 'optimization_method': 'custom',
 'optimization_mode': 'fab2017',
 'output_dir': '../experiments/siggraph_submission/colorHVedge_white_1.0_EB1.0_fab2017',
 'padding': 'edge',
 'samples': 512,
 'skip_halftoning': True,
 'target': 'experiments/16x16x2-patch-5.png',
 'thickness': 1.0}
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 'colorspace': 'linear',
 'edge_boosting': 1.0,
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 'lab_weights': [1.0, 1.0, 1.0],
 'one_channel': False,
 'optimization_method': 'custom',
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 'output_dir': '../experiments/siggraph_submission/colorHVedge_white_0.5_EB1.0_fab2017',
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 'cmd line': 'experiments/test_thin_optimization.py --config '
             '../experiments/test_thin_optimization_config_siggraph.yml -o '
             '../experiments/siggraph_submission/ --threads 3',
 'colorspace': 'lab',
 'edge_boosting': 1.0,
 'exists': 'skip',
 'git revision': '0b50f04',
 'halftoning_voxel_size': None,
 'initialization': 'random',
 'lab_weights': [1.0, 1.0, 1.0],
 'one_channel': False,
 'optimization_method': 'trf',
 'optimization_mode': 'full',
 'output_dir': '../experiments/siggraph_submission/colorHVedge_random_0.5_EB1.0_Lab',
 'padding': 'edge',
 'samples': 512,
 'skip_halftoning': True,
 'target': 'experiments/16x16x2-patch-5.png',
 'thickness': 0.5}
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{'cost': 75457779019.04213,
 'message': '`xtol` termination condition is satisfied.',
 'nfev': 66,
 'njev': 35,
 'optimality': 305148.63520120434,
 'status': 3,
 'success': True}
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 'git revision': '3183bd5',
 'halftoning_voxel_size': None,
 'initialization': '2layer',
 'lab_weights': [1.0, 1.0, 1.0],
 'one_channel': False,
 'optimization_method': 'trf',
 'optimization_mode': 'full',
 'output_dir': '../experiments/siggraph_submission/colorHVedge_2layer_1.0_EB1.0_Lab',
 'padding': 'edge',
 'samples': 512,
 'skip_halftoning': True,
 'target': 'experiments/16x16x2-patch-5.png',
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22.5


25.0


27.5


30.0


32.5


35.0


cie
de


19
76


ciede1976


0 3 6 9 12 15 18 21 24 27 30 33 36 39 42
iteration


0.3


0.4


0.5


0.6


0.7


rms front
rms back
ssim front
ssim back







0


26.83
7 0.273 0.248 SSIM front: 0.599 SSIM back: 0.630


3


26.14
3 0.264 0.237 SSIM front: 0.614 SSIM back: 0.657


6


23.15
8 0.255 0.252 SSIM front: 0.639 SSIM back: 0.666


9


25.02
3 0.260 0.266 SSIM front: 0.639 SSIM back: 0.649


12


23.33
3 0.259 0.265 SSIM front: 0.657 SSIM back: 0.665


15


22.17
8 0.255 0.253 SSIM front: 0.651 SSIM back: 0.669


18


21.89
3 0.255 0.256 SSIM front: 0.660 SSIM back: 0.666


21


21.63
5 0.254 0.258 SSIM front: 0.663 SSIM back: 0.664


24


21.36
0 0.254 0.259 SSIM front: 0.668 SSIM back: 0.664


27


20.98
2 0.254 0.258 SSIM front: 0.671 SSIM back: 0.669


30


20.93
3 0.254 0.259 SSIM front: 0.675 SSIM back: 0.668







33


20.94
0 0.254 0.259 SSIM front: 0.671 SSIM back: 0.665


36


20.93
0 0.254 0.259 SSIM front: 0.672 SSIM back: 0.669


39


21.00
5 0.254 0.259 SSIM front: 0.672 SSIM back: 0.664


42


20.86
7 0.253 0.258 SSIM front: 0.677 SSIM back: 0.669


{'cost': 48510610187.234505,
 'message': '`xtol` termination condition is satisfied.',
 'nfev': 43,
 'njev': 21,
 'optimality': 257263.2414235165,
 'status': 3,
 'success': True}
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