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[ne Mbl cenyac?

- EcTb paspexeHHoe obnako 3D nonoXXeHun Kn4veBbIX TOYEK
- ECTb x0opoLwo onTMMn3npoBaHHbIe BHYTPEHHME KanmbpoBku kamep (intrinsics)
- ECTb XOopoLwo onTUMMU3NPOBAHHbIE MOSIOXKEHNA U paKypcbl Kamep (extrinsics)

YTo XoTnm ganbLie?

OuyeHb AeTanbHY U TOYHYHO FEOMETPUI0 MOBEPXHOCTU (B BUAE KapT rMyOuHbI).



Semi-Global Matching (SGM, tSGM)

(b) 16 Paths from all Directions r

X
‘ \\ // 3a cueT pekTudukalumn ctepeonapbl U CBEAEHUS K
S~ / 3aja4ye AMHaMNYEeCKOro NporpaMmMmMpoBaHUs

= \ (arperauuns no 16 HanpaBneHUsiM) - AOBOSILHO
/ \\ ObICTpO paboTaer.

3a cyet coarse-to-fine cxembl (tSGM: nupamngbl
KapTUHOK + NPOrpecCuBHbLIN MOUCK KapTbl rMy6UHbLI Ha
HOBOW CTyMeHn geTannsaunmn B orpaHNYeHHOM
ananasoHe gucnapuTeToB) - ewle ObicTpee U,
rnmaBHoeE, C rapaHTUAMU NO NaMATH.




Semi-Global Matching (SGM, tSGM)

1) YTO AenaTb C TOHKUMU CTPYKTypammn?
(yCbl KOTUKa, Nnepuna y NecTHULUbIl, aHTEHbI) @
2) Kak ynyywmntb nogcyet Cost y natyen HabnogaemMbix R -A

nof pasHbIM YrrnoM? (a He TonbKo PPOHTO-NapannensHbIe)

3) YT0 penatb ¢ GrivkaMu 1 perynspHbIMM naTTepHaMmmn? V .




BbiBOA

1) Yem MeHblUEe pa3mMep naTtya - Tem nydwie!
2) Hapo onTuMusnpoBaTtb HE TOSMbKO ry6uHbl, HO U Hopmanu!

3) HyxHa gon. nHdopmMmaums - HaNnpUMep TPETbS KapTUHKa (Mnn ewle donbLie)!



[aBanTte Hanpamyo ontummanposaTtb 3D npocTtpaHcTBO!
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Kak oueHunTb KadyecTBo runotesbl - Cost?
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Kak kombunHnpoBaTb Costs No HECKONbKNUM coceasim?
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A 4YTO ecnu B YacTu Kagpos aTa
NOBEPXHOCTbL 3acrioHeHa? (occlusion)




Kak nckatb rmyobunHbl 1 Hopmanm?

[MonHbIn nepebop?

CnyyainHble BapnaHTbI?



1. PatchMatch: A Randomized Correspondence Algorithm
for Structural Image Editing

XOTUM AnNg KaXXaoro nartya B A HaUTW caMbiv NOXOXKUK naTy B B. A

Natural structure of images: npasunbHbIN OTBET OObLIYHO 7 R
COAEPXUT BonbLLME CBA3HbIE PErMoHbl cornocTaBneHns. Moxem |
YBENUYUTb 3PPEKTUBHOCTL BbINOSHASA MOUCK 3aBUCUMO OT \
cocenell. T.e. BOOXOBMSSICb UX yCrexamu. S i W

The law of large numbers: ogHa cny4anHas runotesa He W
yragaeT HuKorga. Ho ecnu Kaxgbl NMMKCerb NOCMOTPUT B .
cllydanHoe MEeCTO - KTO-To Aa yragaeT! [lononHuTtesbHble =

nTepaunn yBesindnBaloT LLIAHCHI eLlle bonbLue.

PatchMatch: A Randomized Correspondence Algorithm for Structural Image Editing, Barnes et. al., 2009



https://gfx.cs.princeton.edu/pubs/Barnes_2009_PAR/patchmatch.pdf
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1. PatchMatch: A Randomized Correspondence Algorithm
for Structural Image Editing

HauynHaem co cnyyanHoun

4 A 1
rmnoTesbl B KaXXO0oM nukcerne
ViTepupyemcsi: / ‘. / "}

. / '

Propagation: B ¥ B ¥ )
3KCnnyaTnpyem cornacoBaHHOCTb 1l
T.6. pacnpoctpaHsiem xopowmne | . e B M|
rmnotesbl No cocegam | or 0| e

(a) Initialization (b) Propagation . (c) Sea;ch

Random search (Refinement):
TeKyLlas rmnortesa npobyet
HEeCKOIbKO (pa3HoW ANNHbI)
COBUIoB, OCTaBMAETCA Ny4yllee
no Cost conocrasneHune

Figure 2: Phases of the randomized nearest neighbor algorithm:
(a) patches initially have random assignments; (b) the blue patch
checks above/green and left/red neighbors to see if they will im-
prove the blue mapping, propagating good matches; (c) the patch
searches randomly for improvements in concentric neighborhoods.

PatchMatch: A Randomized Correspondence Algorithm for Structural Image Editing, Barnes et. al., 2009



https://gfx.cs.princeton.edu/pubs/Barnes_2009_PAR/patchmatch.pdf

1. PatchMatch: A Randomized Correspondence Algorithm
for Structural Image Editing

1) WHnumanunsauums:
- CnyyainHble cMeLleHns
- inn upscale c pesynstata paboTbl Ha NpeablayLlen CTyneHn nupammabl
aetanusaumn (ecnun coarse-to-fine cxema)
- Ecnn octaBuTb TONLKO upscale - ocTaHeMcs B nokaribHOM MUHUMYME,
NO3TOMY HaQO HECKOSIbKO payHOOB NbiTaTbecd yny4wmntb Cost cnydanHbimm
pPaBHOMEPHO pacnpeaeneHHbIMN rmnoTesamu

2) Wtepupyemcsa: (CTpoka 3a CTPOKOM CBEPXY BHN3, B CTPOKE CrieBa Harpaso)
- Propagation: noitaemcs ynydwunTb Hawe conoctasnenue f(x, y)
Yyepes conocTaerieHne cocena cnesa f(x-=1, y) n conocrasneHue coceaa
ceepxy f(x, y=1). Ha 4eTHbIX ntepauusx - B obpaTtHoOM nopsake naem.
- Random search (Refinement): npobyem yny4ywnTb Hawe conocTaBneHmne
f(x, y) npoBepsis nocnenoBaTtenbHOCTb CllydanHbIX KAHANOATOB Ha
9KCMNOHEHUManbHO yMeHbLUarLwemMca pacctosaHum ot (X, y)

PatchMatch: A Randomized Correspondence Algorithm for Structural Image Editing, Barnes et. al., 2009



https://gfx.cs.princeton.edu/pubs/Barnes_2009_PAR/patchmatch.pdf

1. PatchMatch: A Randomized Correspondence Algorithm
for Structural Image Editing

--

(a) originals (b) random (c) 7 iteration (d) 7 iteration (e) 1 iteration (f) 2 iterations (g) 5 iterations

Figure 3: Illustration of convergence. (a) The top image is reconstructed using only patches from the bottom image. (b) above: the
reconstruction by the patch “voting” described in Section 4, below: a random initial offset field, with magnitude visualized as saturation
and angle visualized as hue. (c) 1/4 of the way through the first iteration, high-quality offsets have been propagated in the region above
the current scan line (denoted with the horizontal bar). (d) 3/4 of the way through the first iteration. (e) First iteration complete. (f) Two
iterations. (g) After 5 iterations, almost all patches have stopped changing. The tiny orange flowers only find good correspondences in the
later iterations.

(d) input (e) hole (f) completion (close up)

PatchMatch: A Randomized Correspondence Algorithm for Structural Image Editing, Barnes et. al., 2009



https://gfx.cs.princeton.edu/pubs/Barnes_2009_PAR/patchmatch.pdf

Kak nckatb Kapty rnyouHb!?

[MonHbIn nepebop Bcex rnybuH 1 HopManen B Kaxxgom nukcene?

CnyyainHble BapnaHTbI?



Kak nckatb rmyobunHbl 1 Hopmanm?

1) 3anonHunu KkapTy rnybuHbl CriydyamHbiMU ryoOuHaMm + HopMansamMmu

2) Propagation: ckaH-nMHuen Nnpoxogmm, nbiTaeMcsa yrnyyLmTb rMnoTesy nuKcess
CMOTPS Ha cocela CBEpXY U Ha cocea crieBa (a Ha YETHbIX UTepauunsx -
HaobopoT).

3) Refinement: nbiTaemca ynyywnTs runoTteasy:
- CnyvYanHbIMW He3aBUCUMbIMW KaHgugaramu
- CNnyYanHbIMN U3MEHEeHUAMMU Tekyulen runoTesbl (perturbation)



Kak nckatb rmyobunHbl 1 Hopmanm?

1) 3anonHunu KkapTy rnybuHbl CriydyamHbiMU ryoOuHaMm + HopMansamMmu

2) Propagation: ckaH-nMHuen Nnpoxogmm, nbiTaeMcsa yrnyyLmTb rMnoTesy nuKcess
CMOTPS Ha cocela CBEpXY U Ha cocea crieBa (a Ha YETHbIX UTepauunsx -
HaobopoT).

3) Refinement: nbiTaemca ynyywnTs runoTteasy:
- CIlyManHbIMU He3aBUCUMbIMW KaHgugaramu
- CITydanHbIMU N3MEHEHUAMM TekyLlen rmnoTesbl (perturbation)

Kak yckopnTb CX0OMMOCTb?

UTo genaTtb ecnu NOBEPXHOCTb CHATA C pa3HoW AeTanusaumen (pasHbln macwtab)?
Kak nogunerpoBatb owmnbku/occlusions? Left-right check?

Kak Bne3Tb B NaMsaTb €Cnv KApTUHOK MHOIo?

OTkyna B3sTb MaccoBbl napannenusm ans GPU?

Kak no6aBntb CyOnMKCenbHYy TOYHOCTb?



2. Gipuma

Gipuma: Massively Parallel Multiview Stereopsis by Surface Normal Diffusion, Galliani et. al., 2015



https://prs.igp.ethz.ch/content/dam/ethz/special-interest/baug/igp/photogrammetry-remote-sensing-dam/documents/pdf/galliani-lasinger-iccv15.pdf

3. Colmap

Colmap: Pixelwise View Selection for Unstructured Multi-View Stereo, Schonberger et. al., 2016



https://demuc.de/papers/schoenberger2016mvs.pdf

4. ACMH/ACMM

ACMH/ACMM: Multi-Scale Geometric Consistency Guided Multi-View Stereo, Xu Q, Tao W, 2019



https://arxiv.org/pdf/1904.08103.pdf

5. Haw PatchMatch



PatchMatch. Ccbinku

Benchmarks (ynobHo HaxoamnTb HOBblE XOpoLUME CTaTbW):

ETH3D: High-resolution multi-view benchmark
Tanks And Temples Benchmark

MeTtoab! (yao6HO HaxoauTb HOBbIE XOPOLLME CTaTbW YEPE3 LINTUPOBAHUS YXKE U3BECTHbIX XOPOLLUMX):

Gipuma: Massively Parallel Multiview Stereopsis by Surface Normal Diffusion, Galliani et. al., 2015
Colmap: Pixelwise View Selection for Unstructured Multi-View Stereo, Schonberger et. al., 2016
ACMH/ACMM: Multi-Scale Geometric Consistency Guided Multi-View Stereo, Xu Q, Tao W, 2019

NcxoaHble koabl (OCTOPOXKHO € nuueH3nsamul):

ACMH/ACMM: opurnHanbHbie ACMH (MIT), ACMM (MIT),
CTOPOHHASA peanusauua AMCH-ACMM (MIT)

CTOpOHHANA peanusauma B OpenMVS / ACPMH (AGPL)
Colmap: Colmap (BSD)

Gipuma: Gipuma (GPL)
OpenMVS: OpenMVS / PatchMatch (AGPL)

PasHoe:

PatchMatch: A Randomized Correspondence Algorithm for Structural Image Editing, Barnes et. al., 2009
3anuncku ¢ 0630poM METOOOB U UOEAMMU



https://www.eth3d.net/high_res_multi_view
https://www.tanksandtemples.org/leaderboard/IntermediateF/?table_0-sort=-my_mean
https://www.semanticscholar.org/paper/Pixelwise-View-Selection-for-Unstructured-Stereo-Sch%C3%B6nberger-Zheng/d277218265a177a8f2cdce7f88b4152fc1eda66c#citing-papers
https://prs.igp.ethz.ch/content/dam/ethz/special-interest/baug/igp/photogrammetry-remote-sensing-dam/documents/pdf/galliani-lasinger-iccv15.pdf
https://demuc.de/papers/schoenberger2016mvs.pdf
https://arxiv.org/pdf/1904.08103.pdf
https://github.com/GhiXu/ACMH
https://github.com/GhiXu/ACMM
https://github.com/DiantaoTu/ACMH-ACMM
https://github.com/zjudzl/openMVS/blob/57438dee6633c40bb8995695588d67f8b4ca022e/libs/MVS/DepthMap.cpp#L608-L609
https://github.com/colmap/colmap/blob/d3a29e203ab69e91eda938d6e56e1c7339d62a99/src/mvs/patch_match_cuda.cu#L1283
https://github.com/kysucix/gipuma/blob/c2d308b2e6068d3f67efcf6a65c58d0c8a608814/gipuma.cu#L1911
https://github.com/cdcseacave/openMVS/blob/304bb3cbe5d591d6910ea0842b129b1a0661c512/libs/MVS/SceneDensify.cpp#L481-L493
https://gfx.cs.princeton.edu/pubs/Barnes_2009_PAR/patchmatch.pdf
https://gist.github.com/PolarNick239/84c0c59ca1fa936467e23cb6226065b5

Bonpocb!?

[MonapHbIM Hukonamn

polarnick239@agamail.com
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