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i BBeageHue

= AJIrOPUTMbl MHOFOMEPHOW
punbTpaLMn NPUMEHSIOTCS
MOYTM BO BCEX HALLNX
NpoeKTax

= OHW YHMBepCanbHbI

= OHM MeaneHHo paboTatoT
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i Bilateral grid
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= Pa3bueHne npocTpaHcTBa Sofr
K-MEpHbIM AEPEBOM

= MeaneHHbIN pocT 7

KONN4YEeCTBa TOYeEK :
C pOCTOM pa3MepHOCTY AN
NPOCTPaHCTBA '

= [lononHUTENbHbIE

Range —»

3aTpaThbl Ha NMOCTPOEHME

Domain —»

Gaussian kd-tree

CS MSU Graphics & Media Lab (Video Group) Andrew Adams et al., “"Gaussian KD-Trees for Fast High-Dimensional
www.compression.ru/video/ Filtering,” SIGGRAPH, 2009
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i Splatting

CS MSU Graphics & Media Lab (Video Group) Andrew Adams et al., “"Gaussian KD-Trees for Fast High-Dimensional 8
www.compression.ru/video/ Filtering,” SIGGRAPH, 2009
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i Blurring

CS MSU Graphics & Media Lab (Video Group) Andrew Adams et al., “"Gaussian KD-Trees for Fast High-Dimensional 9
www.compression.ru/video/ Filtering,” SIGGRAPH, 2009
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i Slicing

CS MSU Graphics & Media Lab (Video Group) Andrew Adams et al., “"Gaussian KD-Trees for Fast High-Dimensional 10
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i [locTpoeHune KD-Tree

1. [locTpoeHue Bounding Box (BB)

2. Ecnun pasmep BB MeHblle nopora,
KOHEL nTtepauuu, r

LeHTp BB — BeplinHa aepesa
3. PaspneneHue BB BOonb

Range —»

MEHbLLEN OCH |
Domain —

4. [loBTOpeHue waroB 1 — 4 angd CaListian kd ros
NOJTYYUBLLNXCA CErMEHTOB

CS MSU Graphics & Media Lab (Video Group) Andrew Adams et al., “"Gaussian KD-Trees for Fast High-Dimensional 11
www.compression.ru/video/ Filtering,” SIGGRAPH, 2009
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i YcnoBus TeCTUpOBaHUS

= 10 Mn RGB-n306paxeHune
= [lncnepcusa no usety = 1/8
s CPU-peannzaumsa Ha Core2Duo 2.13 GHz

s GPU-peanunsaumnsa Ha GTX280
(yckopeHue B 10 pa3)

CS MSU Graphics & Media Lab (Video Group) Andrew Adams et al., “"Gaussian KD-Trees for Fast High-Dimensional 12
www.compression.ru/video/ Filtering,” SIGGRAPH, 2009
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[IpnMepbl paboThl
Naive Bilateral Filter (NBF)

CS MSU Graphics & Media Lab (Video Group) Andrew Adams et al., “"Gaussian KD-Trees for Fast High-Dimensional 16
www.compression.ru/video/ Filtering,” SIGGRAPH, 2009
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[IpnMepbl paboThl
KD-Tree
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[IpnMepbl paboThl
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CS MSU Graphics & Media Lab (Video Group) Andrew Adams et al., “"Gaussian KD-Trees for Fast High-Dimensional 19
www.compression.ru/video/ Filtering,” SIGGRAPH, 2009
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[IpnMepbl paboThl
Pa3HocTb KD-Tree n NBF
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[IpnMepbl paboThl
Pa3sHocTb 3D Grid n NBF
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CS MSU Graphics & Media Lab (Video Group) Andrew Adams et al., “"Gaussian KD-Trees for Fast High-Dimensional 21
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i BbiBOAbI

J10CTOMHCTBA

= BblcOKkas cKopoCTb paboThl

= JlocTtyneH koa Ha C++ n CUDA

= [loCTynHa aBTOpCKas BUaeornpe3eHTauus
HepocTtaTok

= He npeacraBneHo npMMepoB Mo HalluM TeMaM

CS MSU Graphics & Media Lab (Video Group) 22
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= Permutohedral Lattice (PL)
= Adaptive Manifolds (AM)

= 3aKto4eHue
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* [peanoxxeHHbIn MeToA (1)

Splat

CS MSU Graphics & Media Lab (Video Group) Andrew Adams et al., “Fast High-Dimensional Filtering Using the 25
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* MpennoXeHHbiit MeTod (2)

Blur

CS MSU Graphics & Media Lab (Video Group) Andrew Adams et al., “Fast High-Dimensional Filtering Using the 26
www.compression.ru/video/ Permutohedral Lattice,” Eurographics, 2010
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Slice

CS MSU Graphics & Media Lab (Video Group) Andrew Adams et al., “Fast High-Dimensional Filtering Using the 27
www.compression.ru/video/ Permutohedral Lattice,” Eurographics, 2010
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‘L Permutohedral Lattice
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CS MSU Graphics & Media Lab (Video Group) Andrew Adams et al., “Fast High-Dimensional Filtering Using the 28
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Permutohedral Lattice
[IpenMyLecTBa UCMob30BaHUA

= PasgeneHne npoctpaHcTBa HAa CMMMETPUYHbIE
CUMMIEKCbl = bbiCTpas bapuueHTpuyeckas

nHTepnonsaums (splatting u slicing)

= TpMBUaANbHOE BblYMUC/IEHNE COCEAHNX TOYEK
PELIETKU = BbIcTpoe crnaxusaHue (blurring)

= CyuwlectBeHHas 3KOHOMUSA NAMATH

CS MSU Graphics & Media Lab (Video Group) Andrew Adams et al., “Fast High-Dimensional Filtering Using the 29
www.compression.ru/video/ Permutohedral Lattice,” Eurographics, 2010
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[lpnMep paboThbl
IcxoaHbIW Kaap
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[lpnMep paboThbl
O6paboTaHHbIN Kaap
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CS MSU Graphics & Media Lab (Video Group) Andrew Adams et al., “Fast High-Dimensional Filtering Using the 33
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i B biBO/bl e

J10CTOMHCTBA
= BblcOKkas cKopoCTb paboThl
= [lpuBeneHo nosHoe onucaHue anropuTMa
= [loctyneH kog Ha C++ 1 CUDA
= [ZloCTynHa aBTopcKas BUAeonpe3eHTauus

HeaocTaTku
= [lpuMepoB paboTbl 04EHb Maso
« Peanusauus kpocc-punbTpaumm HeouYeBUAHA

CS MSU Graphics & Media Lab (Video Group) 34
www.compression.ru/video/
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‘L CopaeprkaHue

= BBegeHue

= Gaussian KD-Tree

= Permutohedral Lattice (PL)
= Adaptive Manifolds (AM)
= 3aKto4eHue
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i Splatting

A R <— BennunHa curHana AnanTuBHble noBepxHOCTK (manifolds)

KoopauHaTta

CS MSU Graphics & Media Lab (Video Group) Eduardo S. L. Gastal, Manuel M. Oliveira, “"Adaptive Manifolds for 37
www.compression.ru/video/ Real-Time High-Dimensional Filtering,” SIGGRAPH, 2012
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CS MSU Graphics & Media Lab (Video Group) Eduardo S. L. Gastal, Manuel M. Oliveira, “"Adaptive Manifolds for 38
www.compression.ru/video/ Real-Time High-Dimensional Filtering,” SIGGRAPH, 2012
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* Slicing T

CS MSU Graphics & Media Lab (Video Group) Eduardo S. L. Gastal, Manuel M. Oliveira, “"Adaptive Manifolds for 39
www.compression.ru/video/ Real-Time High-Dimensional Filtering,” SIGGRAPH, 2012


http://www.compression.ru/video/

i Splatting

3HayeHune B ToUKe
NMOBEPXHOCTU Aapo aycca MaTpuua KoBapuauum

| | |

Wsptat(Mki) = O=g (ki — fi) fi

2

| | |

KoopanHaTa Ha NOBEPXHOCTU KoopanHaTa noBEpXHOCTH 3HayeHne curHana

CS MSU Graphics & Media Lab (Video Group) Eduardo S. L. Gastal, Manuel M. Oliveira, “"Adaptive Manifolds for 40
www.compression.ru/video/ Real-Time High-Dimensional Filtering,” SIGGRAPH, 2012
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= Crna)kuBaHue c aapomM laycca
= YYET KPpMBU3HbI MOBEPXHOCTHU

= icnonb3oBaHmWe pacTsXeHns NpoCTPaHCTBA
ONSa yCTpaHeHns aHuU30Tponuu aapa [aycca

AR
--------------------- 77:.3
-
--.-'I--. _.-l--—_inl
~ - oy g mm ™= -
--------- ~-_--------|n2
> S
CS MSU Graphics & Media Lab (Video Group) Eduardo S. L. Gastal, Manuel M. Oliveira, “"Adaptive Manifolds for 41

www.compression.ru/video/ Real-Time High-Dimensional Filtering,” SIGGRAPH, 2012
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CS MSU Graphics & Media Lab (Video Group) Eduardo S. L. Gastal, Manuel M. Oliveira, “"Adaptive Manifolds for 42
www.compression.ru/video Real-Time High-Dimensional Filtering,” SIGGRAPH, 2012
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[locTpoeHne NoBepXHOCTEN
Anroputm (1)

1. [locTpoeHne nepBon NOBEPXHOCTU 1)1
HNU3KOYaCTOTHOWN (hUNbTpaLMEN

2. OnpepeneHve npeobnaaatowWwero HanpasBneHns v
OTKJ/IOHEHWS1 CUrHana OT NOBEPXHOCTN 7)1

V1 — COBCTBEHHbIN BEKTOP MaTpuLbl

(f1 —my)(f1 — 771)T

COOTBETCTBYOLLMN HAaNbOobLLEMY
cO6CTBEHHOMY 3HAYEHUIO

CS MSU Graphics & Media Lab (Video Group) Eduardo S. L. Gastal, Manuel M. Oliveira, “"Adaptive Manifolds for 43
www.compression.ru/video/ Real-Time High-Dimensional Filtering,” SIGGRAPH, 2012
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[locTpoeHne NoBepXHOCTEN
Anroputm (2)

3. PazbueHne MHOXeCTBa NUKCenen Ha ABa
NOAMHOXECTBA COrjlaCHO U1

4. [loBTOpEHMe waros 2—4 ana nonyvymBLUMXCS
NOAMHOXECTB

s.  Kputepmumn octaHoBKM anroputMma: AOCTUXKEHUE
3a1JaHHOWN BbICOTblI MOCTPOEHHOIro AepeBa
NOBEPXHOCTEN

CS MSU Graphics & Media Lab (Video Group) Eduardo S. L. Gastal, Manuel M. Oliveira, “"Adaptive Manifolds for 44
www.compression.ru/video/ Real-Time High-Dimensional Filtering,” SIGGRAPH, 2012
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[locTpoeHne NoBepXHOCTEN
OrpaHunyeHue BbICOThI AepeBa (1)

[nsa obpabotkn RGB-n306parkeHni:

H = maX(Z,, [Hg LR_D
HS — LIOgZ (O-Smam)J o ]" LR — 1 _O-Rm'i”

MaTpuua
\/ max (Z S ) avcnepecun

no

O-Sm axr

PACCTOSHMIO

JRm—in — \/mm (ZR)< MaTpuua

ancnepcun
Nno uBeTy

CS MSU Graphics & Media Lab (Video Group) Eduardo S. L. Gastal, Manuel M. Oliveira, “"Adaptive Manifolds for 45
www.compression.ru/video/ Real-Time High-Dimensional Filtering,” SIGGRAPH, 2012


http://www.compression.ru/video/

[locTpoeHne NoBepXHOCTEN
[1lpeanoXXeHHble aBTOpaMU 3HaYEeHUS

GRAPHICS & MEDIA LAB
VIDEO GROUP

Os
1 4 8 16 32 64 128
001 | 3 3 3 7 15 31 63
010 | 3 3 3 7 15 31 63
5 020 |3 3 3 7 15 15 31
040 | 3 3 3 3 7 71 15
100 3 3 3 3 3 3 3

Table 1: Several values of K computed for RGB color image fil-
tering.

CS MSU Graphics & Media Lab (Video Group) Eduardo S. L. Gastal, Manuel M. Oliveira, “"Adaptive Manifolds for 46
www.compression.ru/video/ Real-Time High-Dimensional Filtering,” SIGGRAPH, 2012
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[locTpoeHne NoBepXHOCTEN
OrpaHunyeHue BbICOThI AepeBa (2)

[1Na UHbIX Cny4yaeBs:

= [loabupaTb Bpy4Hyto, noaaepxmsast 6anaHc
CKOPOCTb/KayeCcTBO

=  OCTaHOBUTbLCA, KOraa cpegHee OTK/IOHEeHue
CUrHana ot 6nvxanwen naockocTn byaer
NOCTaTOYHO Marso

CS MSU Graphics & Media Lab (Video Group) Eduardo S. L. Gastal, Manuel M. Oliveira, “"Adaptive Manifolds for 47
www.compression.ru/video/ Real-Time High-Dimensional Filtering,” SIGGRAPH, 2012
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[locTpoeHne NoBepXHOCTEN
McxoaHbIN Kaap

i 1

-_ e
\/ﬁ (i

CS MSU Graphics & Media Lab (Video Group) Eduardo S. L. Gastal, Manuel M. Oliveira, “"Adaptive Manifolds for 48
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[locTpoeHne NoBepXHOCTEN
Pe3ynbTaTt (1/1)

m T)— T)+

CS MSU Graphics & Media Lab (Video Group) Eduardo S. L. Gastal, Manuel M. Oliveira, “"Adaptive Manifolds for 49
www.compression.ru/video/ Real-Time High-Dimensional Filtering,” SIGGRAPH, 2012
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[locTpoeHne NoBepXHOCTEN
Pe3ynbTat (2/2)
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CS MSU Graphics & Media Lab (Video Group) Eduardo S. L. Gastal, Manuel M. Oliveira, “"Adaptive Manifolds for 50
www.compression.ru/video Real-Time High-Dimensional Filtering,” SIGGRAPH, 2012
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i [leTann peanusaumu

= HWU3KOYACTOTHbIN DUNILTP
out|t] = inli] + exp (—\/5/01) (inli — 1] —in[i])

NPUMEHSETCS ABaXXAbl, B ABYX HanpaB/IEHUSIX,
K NPOPEXXEeHHOMY U3006paXkeHuto.

Uucno onopHbix Touek = min(N, 4 N/oy)

= [IN9 Crna)xmBaHUs UCMOMb3YETCS PEKYPCUBHbIV
punbTp [Gastal, 2011]

CS MSU Graphics & Media Lab (Video Group) Eduardo S. L. Gastal, Manuel M. Oliveira, “"Adaptive Manifolds for 51
www.compression.ru/video/ Real-Time High-Dimensional Filtering,” SIGGRAPH, 2012
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i TOYHOCTb pe3y/1baToB
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CS MSU Graphics & Media Lab (Video Group)
www.compression.ru/video/

Os

1 4 8 16 32 64 128
578 5277 512 509 506 504 503
50.7 448 425 433 436 435 433
479 437 41.1 417 4211  41.6  40.6
46.3 438 412 408 414 404 392
453  44.1 41,6 40.2 410 394  38.0
43.0 445 421 40.1 386 373 365
41.8 4377 41.7 40.1 390 374 355
40.8 424 41.1 39.7 388 372  35.1

PSNR with Naive Bilateral Filter

Eduardo S. L. Gastal, Manuel M. Oliveira, “"Adaptive Manifolds for

Real-Time High-Dimensional Filtering,” SIGGRAPH, 2012
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Figure 7: CPU performance
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i CkopocTb paboThbl (2)
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Figure 1: Performance on a GTX 280 GPU

CS MSU Graphics & Media Lab (Video Group) Eduardo S. L. Gastal, Manuel M. Oliveira, “"Adaptive Manifolds for 54
www.compression.ru/video/ Real-Time High-Dimensional Filtering,” SIGGRAPH, 2012


http://www.compression.ru/video/

i CkopocTb paboThl (3)
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Figure 2: Performance on a GTX 580 GPU
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* [TpnMepbl paboThbl (1)

(a) Photograph (b) Our AM  (c¢) Bilateral (BF) (d) Guided (GF)

CS MSU Graphics & Media Lab (Video Group) Eduardo S. L. Gastal, Manuel M. Oliveira, “"Adaptive Manifolds for 56
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* [TpnMepbl paboThbl (1)

(a) Photograph (b) Our AM  (c¢) Bilateral (BF) (d) Guided (GF)
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i [TpuMepbl paboTbl (2)

(a) Input

CS MSU Graphics & Media Lab (Video Group) Eduardo S. L. Gastal, Manuel M. Oliveira, “"Adaptive Manifolds for 58
www.compression.ru/video/ Real-Time High-Dimensional Filtering,” SIGGRAPH, 2012


http://www.compression.ru/video/

i [IpMepbl paboThl (2)

(b) Ours, PSNR 41 dB
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i [IpMepbl paboThl (2)

(c) Bilateral filter
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* [IpMepbl paboThl (2)

(d) Ours, PSNR 37 dB
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* [IpMepbl paboThl (2)

og; =04, =1

(e) Bilateral filter
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(d) Path-traced image (e) Our AM filter (f) Guided filter
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i B biBO/bl e

J10CTOMHCTBA
= BblcOKkas cKopoCTb paboThl

= Hannumne nonHoro MmateMaTmnyeckoro 060CHOBaHUS
paboTbl MeToAa 1 BbIbOpa NapamMeTpoB

= [loctyneH koa ana MATLAB
= [loCTynHa aBTOpCKas BuaeonpeseHTaums

HegoctaTku
= He npeacraBneHo npuMepoB No HalluMM TeMaMm
= Peanunsaums kpocc-punbTpauum HeoueBUaHa
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‘L CopaeprkaHue

= BBegeHue

= Gaussian KD-Tree

= Permutohedral Lattice (PL)
= Adaptive Manifolds (AM)

= 3aK/IloueHue
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= AropuUTMbI peLlatoT NOCTaBIEHHYIO
3aa4y

= /1N npeacraBneHHbIX anropuTMoB
NOCTYNEH UCXOAHbIN KoA e

Hapno 6paTb, TeCTMpOBaTH
N UCMNONb30BaAThL!

N306paxeHune n3 I-Love-Cartoons Clipart
CS MSU Graphics & Media Lab (Video Group) http://i-love-cartoons.us/snags/clipart/christmas/garfield/Xmas- 66
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i INTutepatypa (2)
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JTabopaTopuns KOMMNbIOTEPHONLE
i rpadukn U MynbTuMeama

Buageorpynna — 370:
= BbINYCKHMKW B acnuUpaHTypax
AHrnum, ®paHummn, LLiBenyapum
(B Poccnn B MI'Y n UMM mm. Kengpliwa)

= BbinyckHMKaMuM 3alLmLLEeHbl 5 ancceptauni

= Hambonee nonynsipHble B MUpe CpaBHEHUS
BUEOKOOEKOB

= bonee 3 MUNIMOHOB CKaYaHHbIX DUILTPOB
06paboTKn BUAEO
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