PekoHcTpykumna 3D mogenu
N3 KapT rMyoOunHbI.
(Delaunay + Min-cut)

doTtorpammetpus. Jlekumsa 9

- Delaunay Triangulation
- Graph Max-Flow = Min-Cut
- 3D model reconstruction

MonspHbIN Hukonawn
polarnick239@gamail.com
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[ne Mbl cenyac?

- EcTb paspexeHHoe obnako 3D nonoXXeHun Kno4veBbIX TOYEK

- ECTb xOpoLo onTMMn3npoBaHHbIe BHYTPEHHME KanmbpoBku kamep (intrinsics)
- ECTb XopoLwo onTUMMU3NPOBaHHbIE MOSIOXKEHNA U paKypcbl Kamep (extrinsics)

- EcTb (WymHbIe) KapTbl rMyOuHbI onuckiBaroLLmne nNogpodHO N TOYHO reOMETPUID

YTo xoTM panbLue?

- Ynctutb KapTbl rMyOUHbI OT WyMa Ha YPOBHE KaXkaou KapTbl ryOuHbl
(yloKanbHO)
- Ynctutb KapTbl rMyOunHbl Ha 6a3e nx NPOTUBOPEYNNA
(rmo6anbHo)
- ObbegnHATb 3TN KapTbl MYyOWHLI B 04HO obulee nnoTHoe 061ako To4vek
- CtpouTtb nonuroHansHyto 3D mogenb



[ne Mbl cenyac?

- EcTb paspexeHHoe obnako 3D nonoXXeHun Kno4veBbIX TOYEK

- ECTb xOpoLo onTMMn3npoBaHHbIe BHYTPEHHME KanmbpoBku kamep (intrinsics)
- ECTb XopoLwo onTUMMU3NPOBaHHbIE MOSIOXKEHNA U paKypcbl Kamep (extrinsics)

- EcTb (WymHbIe) KapTbl rMyOuHbI onuckiBaroLLmne nNogpodHO N TOYHO reOMETPUID

YTo xoTM panbLue?

- YucTuTb KapTbl rMyOUHLI OT LWYyMa Ha YPOBHE Kaxaomn KapTbl ryOuHb
(yloKanbHO)

- Crtpowutb nonuroHanbHyo 3D Mogenb HaNpPAMYH U3 KapT ryOuHbI



ECTb METeOoBbILLKN, KaK MHTEPNONMPOBaTb TEMNepaTypy?
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A 4TO ecnu ecTb BCEro TPU METEOBbLILLKN?
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Tpuanrynauus [denoHe/kputepun:
BHYTPU KaXXaon onucaHHOU OKPY>XHOCTU HET ToOYeK

¢

L s
CtaTtba Npo TpuaHrynauumo [lenoHe



https://neerc.ifmo.ru/wiki/index.php?title=%D0%A2%D1%80%D0%B8%D0%B0%D0%BD%D0%B3%D1%83%D0%BB%D1%8F%D1%86%D0%B8%D1%8F_%D0%94%D0%B5%D0%BB%D0%BE%D0%BD%D0%B5

TpuaHrynauusa [denoHeipmurepun.
BHYTPU KaXXaouONUCaHHON OKPYKHOCTU HET ToYeK
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CrtaTtbga npo Tpuadrynauuto [lenoHe



https://neerc.ifmo.ru/wiki/index.php?title=%D0%A2%D1%80%D0%B8%D0%B0%D0%BD%D0%B3%D1%83%D0%BB%D1%8F%D1%86%D0%B8%D1%8F_%D0%94%D0%B5%D0%BB%D0%BE%D0%BD%D0%B5

[narpamma BopoHoro

EcTb TO4YkM p;Ha NNOcKoCcTU. i-aa Adenka guarpammbl BopoHOro - Takom Kycok

NPOCTPaHCTBA, AN MO0 TOYKM KOTOPOro brnmxaunuen TO4KON n3Ha4vasribHoro
MHOXeCTBa ABMAETCs P;.

CtaTtbga npo anarpammy BopoHOro



https://neerc.ifmo.ru/wiki/index.php?title=%D0%94%D0%B8%D0%B0%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B0_%D0%92%D0%BE%D1%80%D0%BE%D0%BD%D0%BE%D0%B3%D0%BE

[narpamma BopoHoro

EcTb TO4YkM p;Ha NNOcKoCcTU. i-aa Adenka guarpammbl BopoHOro - Takom Kycok

NPOCTPaHCTBA, AN MO0 TOYKM KOTOPOro brnmxaunuen TO4KON n3Ha4vasribHoro
MHOXeCTBa ABMAETCs P;.

CtaTtbga npo anarpammy BopoHOro



https://neerc.ifmo.ru/wiki/index.php?title=%D0%94%D0%B8%D0%B0%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B0_%D0%92%D0%BE%D1%80%D0%BE%D0%BD%D0%BE%D0%B3%D0%BE

TpuaHrynauua [lenoHe B 3D

CGAL: 3D trianqulation



https://doc.cgal.org/latest/Triangulation_3/index.html

MakcumanbHbIM NOTOK B rpadpe (Graph Max-Flow)

EcTb opneHTUpoBaHHbIN rpady, Ha pebpax ykazaHa MakcumarbHasi IPonycKHas
CNOCOOHOCTb. HanTn MakcumMaribHbIN NOTOK - MaKCUMasibHYK NPOMYCKHYHO
CNOCOOHOCTb CETU U3 UCTOKA S B CTOK L.

2/2

CraTtbd Npo MakcUManbHbIN NOTOK



https://ru.wikipedia.org/wiki/%D0%97%D0%B0%D0%B4%D0%B0%D1%87%D0%B0_%D0%BE_%D0%BC%D0%B0%D0%BA%D1%81%D0%B8%D0%BC%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%BC_%D0%BF%D0%BE%D1%82%D0%BE%D0%BA%D0%B5

MuHumanbHbIN pa3pes B rpadpe (Graph Min-Cut)

EcTb opneHTUpoBaHHbIN rpady, Ha pebpax ykazaHa MakcumarbHasi IPonycKHas
CNOCOOHOCTb. HanTn MUHUMarnbHbIN pa3pes - pa3dbneHne BepLIVH Ha OBa
MHOXecTBa (MOLWHOCTbL pa3pesa - npo/ﬁ CKHOM CrocobHOCTU pebep mexay
MHOXEeCTBaMW).



https://ru.wikipedia.org/wiki/%D0%97%D0%B0%D0%B4%D0%B0%D1%87%D0%B0_%D0%BE_%D0%BC%D0%B0%D0%BA%D1%81%D0%B8%D0%BC%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%BC_%D0%BF%D0%BE%D1%82%D0%BE%D0%BA%D0%B5

Graph Max-Flow/Min-Cut: anropntmsl

Boykov/Kolmogorov:

- An Experimental Comparison of Min-Cut/Max-Flow Algorithms for Energy
Minimization in Vision, Boykov and Kolmogorov, 2004

- http://pub.ist.ac.at/~vnk/software.html

- https://xip.uclb.com/i/software/maxflow_computervision.html

IBFS:

- Faster and More Dynamic Maximum Flow by Incremental Breadth-First Search
Goldberg et. al., 2015

- http://web.archive.ora/web/20170703042834/http://www.cs.tau.ac.il/~sagihed/ibfs/

- https://github.com/PolarNick239/IBES/tree/53a0a3a974b7b5f2¢c495b81d003c87cbS
e87d42a



https://www.csd.uwo.ca/~yboykov/Papers/pami04.pdf
https://www.csd.uwo.ca/~yboykov/Papers/pami04.pdf
http://pub.ist.ac.at/~vnk/software.html
https://xip.uclb.com/i/software/maxflow_computervision.html
https://www.microsoft.com/en-us/research/wp-content/uploads/2016/11/ghkktw_ESA2015.pdf
https://www.microsoft.com/en-us/research/wp-content/uploads/2016/11/ghkktw_ESA2015.pdf
http://web.archive.org/web/20170703042834/http://www.cs.tau.ac.il/~sagihed/ibfs/
https://github.com/PolarNick239/IBFS/tree/53a0a3a974b7b5f2c495b81d003c87cb5e87d42a
https://github.com/PolarNick239/IBFS/tree/53a0a3a974b7b5f2c495b81d003c87cb5e87d42a

Anroputm noctpoenunsa 3D mogenu

Ha Bxoa gaHbl 3D TOYKM NOPOXAEHHbIE KapTaMu rMyOuHbI:
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Anroputm noctpoenunsa 3D mogenu

Y KaXXgon TOYKM eCTb MHOXECTBO KaMep KOTopble ee Nopoansiv, T.e. Y Hac eCTb
MNy4yKkn OoTpeskoB BugmmocTu (visibility rays):
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Anroputm noctpoenunsa 3D mogenu

[MocTpoum TpmaHrynauuto denoHe (unntoctpauusa B 2D ¢ TpeyronbHMUKamu, HO Hac
nHTepecyet 3D c TeTparegpoHYMKamMin):
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Anroputm noctpoenunsa 3D mogenu

[TocMOTpUM Ha OBOMCTBEHHYIO Anarpammy BopoHOro (moTomy 4To Kpacueas):

http://alexbeutel.com/webagl/voronoi.html



http://alexbeutel.com/webgl/voronoi.html




Anroputm noctpoenunsa 3D mogenu

[pady: pebpa = rpaHn NPUMUTUBOB;




Anroputm noctpoenunsa 3D mogenu

Kakne nponyckHble cnocOGHOCTU?




Anroputm noctpoenunsa 3D mogenu

Kakne nponyckHble cnocoOGHOCTU?

Ca\lmew»

Ay

CA“\&"”

3




Anroputm noctpoenunsa 3D mogenu

[loBepXHOCTb pe3yrnbTaT = rpaHu paspesa.




1) Efficient Multi-View Reconstruction of Large-Scale Scenes using Interest

Points, Delaunay Triangulation and Graph Cuts, Labatut et. al., 2007
1) W3HayanbHble TOYKkM - KItoveBble SIFT-To4kM co cnnckom npoekumm

2) To4kn 06beanHaTCsa ecnu MakcMManbHas olwmnbka penpoekuum mana
3) Paaun 6onee nnotHoro obnaka Touvek - yopanu K-ratio test n gobaenstot 6onbLuee 4ynucno
conocTtaBneHun (HoO 6nnakme K anunonapHoOn NPAMOn).

4)  Munummnanpyiot: E(S) = Eyis(S) 4+ Aphoto Ephoto(S) + Aarea Earea(S)
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Figure 3. A ray emanating from a vertex to a camera center (and the putative surface), the corresponding visibility-related energy term that
penalizes the number of intersections with the ray (the label 0 means s / “outside” and the label 1 means ¢ / “inside”) and the edge weights
of the crossed tetrahedra in the graph.


https://www.di.ens.fr/sierra/pdfs/07iccv_a.pdf
https://www.di.ens.fr/sierra/pdfs/07iccv_a.pdf

1) Efficient Multi-View Reconstruction of Large-Scale Scenes using Interest

Points, Delaunay Trianqulation and Graph Cuts, Labatut et. al., 2007

o Figure 4. Some images of the temple dataset and our results


https://www.di.ens.fr/sierra/pdfs/07iccv_a.pdf
https://www.di.ens.fr/sierra/pdfs/07iccv_a.pdf

2) Robust and efficient surface reconstruction from range data, Labatut et. al., 2009
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Figure 4: Visibility and soft visibility. How a single line of
sight (pink) of a vertex of the triangulation (red) from a sam-
ple point to a laser (or to a sensor) contributes to the weights
assigned to the origin tetrahedron, to the facets it crosses and
to the final tetrahedron (blue).



http://www.normalesup.org/~labatut/papers/cgf2009-robust-range-data.pdf

2) Robust and efficient surface reconstruction from range data, Labatut et. al., 2009

1) Visibility rays - n3 nto6oro ncrouHunka (LIDAR nnv nnoTHble KapTbl ryOuHbI).
2) bonee msarkoe ykasaHune nepecevyeHusi noBepxHocTu (rnybxxe nog noBEPXHOCTb

3arnsgbiBaem + NponyckHasi CnoCOGHOCTb TEM MEHbLLE YeM Onmke K NOBEPXHOCTK).

3) [Hpyroun surface term npo gBe cMexHble onucbiBaroLmne cdepbl (BMECTO MeasIEHHOro
photoconsistency term n TaroTetowero K N3fUWHUM yNpoLLeHnsm area term).

4) MeaneHHo paboTaer:

i} 3
£ g 5 T
g2 & 7 2
) 4 = =
Model  #Points #Tets a > o = Overall
133M Sheep (Fig. 8) 153K 966K 2s 3s Is 3s 10s < 1m
306M Bunny (Fig. 12) 362K 2,252K 10s 11s 2s 7s 3l1s < Im
1.6G Dragon (Fig. 6) 1,770K  11,383K 38s 68s  15s 59s 180s  3m
1.7G Angel (Fig. 1) 2,008K  12,637K 41s 86s  16s 48s 190s  3m 10s
2.0G Armadillo (Fig. 3) 2,247K  14,519K 47s 58s 13s 177s 295s  4m 55s
24G Buddha (Fig. 7) 2,644K 17,167K 62s 120s 14s 74s 271s  4m 31s
- Elephant (Fig.2) 4,413K 27487K 08s 274s  35s - -
6.5G Elephant (Fig. 2) / 64-bits  4,413K  27,487K 93s  189s 32s  102s 417s  6m 57s
9.9G Soufflot (Fig. 14) / 64-bits  6,592K  42,062K 176s 416s 40s  521s 1154s  19m 14s



http://www.normalesup.org/~labatut/papers/cgf2009-robust-range-data.pdf

3) Multi-View Reconstruction Preserving Weakly-Supported Surfaces, Jancosek et. al., 2011

Figure 1. Results for the ’bottle’ data set. (a) Input image, (b)
input 3D point cloud, (c) results using our implementation of [15],
(d) the technique presented in this work reconstructs weakly-
supported surfaces (the bottle) better.


https://cmp.felk.cvut.cz/~jancom1/JancosekCVPR11.pdf

3) Multi-View Reconstruction Preserving Weakly-Supported Surfaces, Jancosek et. al., 2011

- input 3D point with associated subset of cameras
- weakly-supported-surfaces

- highly-supported-free-space G
- real object

- reconstructed object
<] - camera
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Figure 2. Weakly-supported surfaces. A highly-supported-free-
space is the part of the space which is between the surfaces
densely sampled by the input 3D points and the associated cam-
eras. Weakly-supported surfaces (green) are the surfaces of the
real object which are weakly sampled by the input 3D points and
are close to the border of the union of the highly-supported-free-
space cones.


https://cmp.felk.cvut.cz/~jancom1/JancosekCVPR11.pdf

3) Multi-View Reconstruction Preserving Weakly-Supported Surfaces, Jancosek et. al., 2011
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Figure 6. Representative example. Light blue: source label (free
space), brown: sink label (full space). (a,b) top: a part of the tri-
angulation, bottom: the associated s-t graph, middle: the weights
of the associated edges. (a) Minimal cut for weights computed by
the base-line approach leads to a wrong solution (b) Multiplying
t7 by (wse — wrsg) leads to the correct solution.


https://cmp.felk.cvut.cz/~jancom1/JancosekCVPR11.pdf



https://cmp.felk.cvut.cz/~jancom1/JancosekCVPR11.pdf

CcbInku

Delaunay triangulation + graph min-cut:

- Efficient Multi-View Reconstruction of Large-Scale Scenes using Interest Points, Delaunay
Triangulation and Graph Cuts, Labatut et. al., 2007

- Robust and efficient surface reconstruction from range data, Labatut et. al., 2009

- Multi-View Reconstruction Preserving Weakly-Supported Surfaces, Jancosek et. al., 2011

Out-of-core adaptations:

- PHD Thesis: Large-scale and high-quality Multi-view stereo (p. 65 - section 5.3: Merging
meshes from partition of bounding box), Vu, 2011

- Scalable Surface Reconstruction from Point Clouds with Extreme Scale and Density
Diversity, Mostegel et.al., 2017

Mpumep peanusaunm B OpenMVS: openMVS/libs/MVS/SceneReconstruct.cpp


https://www.di.ens.fr/sierra/pdfs/07iccv_a.pdf
https://www.di.ens.fr/sierra/pdfs/07iccv_a.pdf
http://www.normalesup.org/~labatut/papers/cgf2009-robust-range-data.pdf
https://cmp.felk.cvut.cz/~jancom1/JancosekCVPR11.pdf
http://imagine.enpc.fr/publications/papers/PhD011.pdf
http://imagine.enpc.fr/publications/papers/PhD011.pdf
https://arxiv.org/pdf/1705.00949.pdf
https://arxiv.org/pdf/1705.00949.pdf
https://github.com/cdcseacave/openMVS/blob/2289a04b8182fcd075d03e945189f28277e86487/libs/MVS/SceneReconstruct.cpp#L762-L767

Bonpocb!?

[MonapHbIM Hukonamn
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