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@ LIeHTp KOTHUTUBHbIX HEMPOHaYK 3apaya 3D cermeHTaLMu

[1BymepHaa cemaHTUUYeCcKaa CermeHTaLmaA - 3TO 3aJa4a KOMMbIOTEPHOTo 3peHus, KoTopas BK/ItOYaeT B cebs
pasgeneHne KapTUHKM Ha CeEMaHTUYECKM 3HaYMMble YacTu UaKn obnacTu.

Road Sidewalk Building B Fence
B role I Vegetation I Vehicle I Unlabel




@ LIeHTp KOTHUTUBHbIX HEMPOHaYK 3apaya 3D cermeHTaLMu

TpexmepHana ceMaHTUYeCKana cermeHTaumsa - 3To 3a4a4a KOMMbIOTEPHOrO 3peHnA, KOTopas BKAOYAET B cebs
pasfeneHue TpexMepHoro obnaka ToYeK UIN TPEXMEPHOM CETKM Ha CEMaHTUYECKM 3HAYUMbIe YacTu Uam obnactu.

NcTouHuk: https://paperswithcode.com/task/3d-semantic-segmentation




@ LLeHTp KOTHUTUBHbBIX HEMPOHayK 3agayva 3D cermeHTaumm

Hawa 3agaya: nonck oyara nHcynbta Ha 3D nsobpakeHnn mosra

[Ae-To eCcTb ovar...

>

3D npeacrtaBneHne




@ LIeHTp KOTHUTUBHbIX HEMPOHaYK 3apayva 3D cermeHTaumm

Hawa 3agaua: nonck oyara nHcynbta Ha 3D n3obpaskeHnn mosra
Xotum: cermeHTauuto Ha 3D moaenu (MAn MHOKeCTBe Cpe30B, NonpaBbTe MeHs)

Ouar nHcynbTa




@ LIeHTp KOTHUTUBHbIX HEMPOHaYK 3apayva 3D cermeHTaumm

MeTtoabl 3D cermeHTaumm

onIMbIe MeTodbl B Ka4eCTBe BXOAHbIX AdHHbIX ONA HEVIpOHHOVi ceTn HenocpeacrseHHO NCNO/b3YyIOT
obnako TOYEK, a 4194 NCNO/Ab30BaHUA HENPAMbBIX METOA0B, H€O6XO,£I,MMO npeasapumnTenbHoO

nepesecty 06/1aKo ToYEK B UHYO dopmy
Mpamble

Henpﬂlv\b|e Direct method

Point cloud

Semantic segmentation

._"-' '.‘.\
r - .,

1 Point ﬂfd*—“”b Fu'-;mn of Gf‘ NN

Indirect method \

Voxelization
Multi -u,alc

- Fea[u re fuqlon

NcTouHuK: https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=8930503
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@ LLeHTp KOTHUTUBHbBIX HEMPOHayK 3agayva 3D cermeHTaumm

Henpamble meToabl: Multi-view noaxon

CyTb: NO/ly4eHMe MHOXeCTBa « CHUMKOBY (ABYMepPHbIX cpe30B) UcxoaHoro obsiaka TouyekK
C Pa3HbIX PaKypcoB U UCMONb30BaHME Knaccuyeckux metoaos 2D Computer Vision

Mpumepbl NOAX0A0B:

https://www.cv-foundation.org/openaccess/content_iccv_2015/papers/Su_Multi-
MVCN N; 2015 View_Convolutional _Neural ICCV_2015_paper.pdf

Sna p Net, 2017 https://boulch.eu/files/2017_3dor-point.pdf

Sna p Net-R. 2017 https://openaccess.thecvf.com/content_ICCV_2017_ workshops/papers/wi13/Guerry_SnapNet-
’ R_Consistent_3D_ICCV_2017_paper.pdf




@ LIeHTp KOTHUTUBHbIX HEMPOHaYK 3apayva 3D cermeHTaumm

Henpamble meToabl: Multi-view noaxon

* MVCNN, 2015

bathtubpy
bed o
chair——
—
—

- desk
View CNN, ]_. dresser|

pooling

toilet

3D shape model
rendered with 2D rendered our multi-view CNN architecture output class
different virtual cameras images predictions

* SnapNet, 2017

RGB mesh
Semantized
images

< - 3 Semantized
"""l point cloud

Mesh view Semantic Back projectibn
generation labeling and accumulation

| Preprocessing ]

Composite
mesh




@ LLeHTp KOTHUTUBHbBIX HEMPOHayK 3agayva 3D cermeHTaumm

Henpamble metoabl: Voxel-based noaxon,

CyTb: 0606LLUEHNE NOHATUA CBEPTOK M APYrnX Knaccnyeckmx B Deep Learning
onepaumnt ana sokcena (3D aHanor nukcens)

[Tpnmepbl NOAXO40B:

VoxNet, 2015 https://papers.nips.cc/paper/2018/file/f5f8590cd58a54e94377e6ae2eded4d9-Paper.pdf
SegCIoud, 2017 https://arxiv.org/pdf/1710.07563
PointG rid, 2018 https://openaccess.thecvf.com/content_cvpr_2018/papers/Le_PointGrid_A_Deep_ CVPR_2018_paper.pdf




@ LIeHTp KOTHUTUBHbIX HEMPOHaYK 3apaya 3D cermeHTaLMu

Henpamble metoabl: Voxel-based noaxon,

VoxNet, 2015 * SegCloud, 2017

el o ~ |lb.
A1 3D FC-CRF

- e, E-
g s ,

Raw 3D Voxelized - Voxel Point Cloud 3D Point
Point Cloud Point Cloud Predictions Unaries Segmentation
- ‘ Y ‘ .

| s Wwall Mpillow M nightstand
" Trilinear | Whmp Mpicure B floor
Interpolation

g Pre-processing I “.p] 3D FONN [}

M bed

PointGrid, 2018

Conv(32,5,2)
14x14x14
Conv(32,3, 1)+Pool(2)
6><6x6

{ Full(v128) §

Pedesman FU”(K)/OUtpUt Toilet




MPAMbBIE METO/Z b

*MpuseneHHoe pasbueHne Ha NoArpynnbl NpeasoxKeHo B ctaTtbe: https://habr.com/ru/companies/itmai/articles/534036



@ LLeHTp KOTHUTUBHbBIX HEMPOHayK 3agayva 3D cermeHTaumm

Mpamble meToabl: Point ordering noaxoa

CyTb: BHYTPU MOAENN €CTb METO/,, KOTOPbI BopeTcs ¢ «HeynopAa04EHHOCTbIO»
obn1aka TouyeK, 06beAnHAA X B CBSA3aHHbIe rpadbl

[Mpnmepbl NOAXOA0B:

* PointCNN, 2018 https://papers.nips.cc/paper/2018/file/f5f8590cd58a54e94377e6ae2eded4d9-Paper.pdf
* RSNet, 2019 https://openaccess.thecvf.com/content_cvpr_2018/papers/Huang_Recurrent_Slice_Networks CVPR_2018 paper.pdf

* SO-Net, 2018 https://openaccess.thecvf.com/content_cvpr_2018/papers/Li_SO-Net_Self-Organizing_Network_CVPR_2018_paper.pdf




@ LIeHTp KOTHUTUBHbIX HEMPOHaYK 3apaya 3D cermeHTaLMu

Mpamble meToabl: Point ordering noaxoa
* RSNet, 2019

* PointCNN, 2018

Clouds
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@ LIeHTp KOTHUTUBHbIX HEMPOHaYK 3apayva 3D cermeHTaumm

Mpamble meToabl: Point ordering noaxoa
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@ LIeHTP KOTHUTUBHbIX HEMPOHAYK 3apgaua 3D cermeHTauum

Mpamble meToabl: Multi scale noaxon,

CyTb: BHYTPU MOZENN €CTb METO/,, KOTOPbIN BOopeTca € pa3HOCTbIO «MacliTaba» AaHHbIX

[loyemy 3TO BaXKHO?

e (CBepTKa C OANHAKOBbIMW NapaMeTpPaMmM Ha BXOAHbIX AaHHbIX pa3HOro pasmepa byaet
pPacno3HaBaTb Pa3Hblie NPU3HaKKN: 1NHO KpynHble U obanbHble, NMH6O menkme u
JIOKa/IbHble

Pa3zmep 34ecb YyTb MeHee TPMBUANIbHOE MOHATUE NO CPABHEHUIO C 0ObIYHBIMU KaPTUHKAMM

Mpumepbl NOAXOA0B:

* PointNet++, 2017 https://papers.nips.cc/paper/2017/file/d8bf84be3800d12f74d8b05e9b89836f-Paper.pdf

* 3DMax-Net, 2018 https://ieeexplore.ieee.org/document/8546281

* 3P-RNN, 2018 https://openaccess.thecvf.com/content_ECCV_2018/papers/Xiaoqing_Ye 3D_Recurrent_Neural ECCV_2018 paper.pdf




@ LIeHTp KOTHUTUBHbIX HEMPOHaYK 3apaya 3D cermeHTaLMu

Mpamble meToabl: Multi scale noaxon,

* PointNet++, 2017

skip link concatenation

umt
interpolate nterpolate  unit
© pointnet o
Classification

set abstraction set abstraction
pointnet fully connected layers

Point-wise

Multi-scale F Learning and Aggregation
ulti-scale Feature Learning and Aggregatio Scores

Point Cloud




@ LIeHTP KOTHUTUBHbIX HEMPOHAYK 3apgaua 3D cermeHTauum ‘ 19

[Mpamble meToAabl: Feature Fusion noaxop,

CyTb: CO34aeTCcA HECKO/IbKO MoAenen, Kaxkaasa U3 KOTopbix 3aTo4YeHa Ha MOUCK onpeaeneHHoro
cememncTsa NPU3HaKOB.

[loyemy 3TO BaXKHO?

* Ecnn 3D cueHa AOCTAaTOYHO pPa3HOMN/IaHOBAA, TO €CTb TamM eCcTb 60/1blLaA KapTUHA U
MHOXeCTBO 0OBbEKTOB MOMEHbLUE, HYXKHO YMETb HaxoAnTb UHGOPMATUBHbBIE MPU3HAKM KaK
ANA rnobanbHbBIX CIOXKETOB, TaK U A8 NOKA/IbHbIX.

Mpumepbl NOAXOA0B:

* PointSIFT, 2018 https://arxiv.org/abs/1807.00652

e« A-CNN. 2019 https://openaccess.thecvf.com/content_CVPR_2019/papers/Komarichev_A-
’ CNN_Annularly_Convolutional Neural Networks on_Point_Clouds CVPR_2019 paper.pdf

* SpiderCNN, 2018 https://openaccess.thecvf.com/content_ECCV_2018/papers/Yifan_Xu_SpiderCNN_Deep_Learning_ECCV_2018_paper.pdf




LIeHTp KOTHUTUBHbIX HEMPOHaYK 3apayva 3D cermeHTaumm

[Mpamble meToAabl: Feature Fusion noaxop,

* A-CNN, 2019
/
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@ LIeHTP KOTHUTUBHbIX HEMPOHAYK 3apgaua 3D cermeHTauum ‘ 2 1

[Npamble meTtoabl: Fusing GCNN noaxopg,

CyTb: €C1 eCTb BO3MOXHOCTb BOCCTaHOBUTb MHDOPMAaLIMIO O MOBEPXHOCTM 06 bEKTA, TO MOXHO
MOMNbITaTbCA NPUMEHUTL cneunduyeckne cBoMCTBa NPOCTPAHCTBEHHbIX rPadoB AN peLleHus
33,4a4M KnaccuduKkaumm n cermeHTaLmnm.

* Takme mogenu 6asmpytotca Ha Graph Convolutional Neural Networks (GCNN)
[Mpnumepbl NOAXOA0B:

DGCNN, 2018 https://dl.acm.org/doi/pdf/10.1145/3326362
LDGCNN, 2019 https://arxiv.org/abs/1904.10014
RGCNN, 2018 https://arxiv.org/pdf/1806.02952

GAPNet, 2018 https://arxiv.org/abs/1905.08705




@ LIeHTp KOTHUTUBHbIX HEMPOHaYK 3apayva 3D cermeHTaumm

Mpamble meTogbl: Fusing GCNN noaxoa, npo gnHamuyeckme rpadobl

Graph construction Graph convolution
(coordinates and normals) and feature learning

o

®

Segmentation result Dynamic graph

[padbl CTPOATCA HAa OCHOBE BXOAHbIX KOOPAUHAT (X, Y, Z) U HOPMANN K KaXKA0W TOUYKe, BO BPEMS
obyyeHus npoucxoauT cBepTKa rpada u nsydyeHme obvekTa, rpadbl aaanTUBHO 0OHOBAAIOTCS

NcTouHuK: https://arxiv.org/pdf/1806.02952




LIeHTp KOTHUTUBHbIX HEMPOHaYK 3apayva 3D cermeHTaumm

[Npamble meTtoabl: Fusing GCNN noaxopg,

RGCNN, 2018

z

n
=

1924512
concatenate

/. \Durpul Seore

* GAPNet, 2018

Classificati

Input Point Cloud
=

graphs

Global Max 4 pooling
Pooling 2, D >
ooling W MLP (512.128.40) 40 | & =

L]

mip
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1
Output Score
[Nxkx64 |

‘ ) ‘

spatial | (% GAPLayer '

}uarsfonm =
|

N x 67

Input point cloud

classification

L L global feature scores

Input point cloud

N x 1024

Input point cloud

. segmentation
spatial transform scores
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@ LIeHTp KOTHUTUBHbIX HEMPOHaYK 3apayva 3D cermeHTaumm

* Jlyywune mopenun, no AaHHbIM paperswithcode.com

Leaderboard Dataset

View test mloU v by : All models

RangeFormer UniSeg

Cylinder3D

KPRNet
KPConv SalsaNext

Darknet53

TEST MIOU

TangentCony
SqueezeSeg

PointNet++
PointNet

0
Jan'17 Jul"17 Jan'18 Jul'l8 Jan'19 Jul'19 Jan '20 Jul '20 Jan '21 Jul '21 Jan '22 Jan '23 Jul '23 Jan '24

Other models Models with highest test mloU

MeTpuKa KauectBa: Mean Intersection over Union (MIOU)
TectoBble gaHHble: SemanticKITTI, https://github.com/PRBonn/semantic-kitti-api
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https://github.com/PRBonn/semantic-kitti-api

@ LLeHTp KOTHUTUBHbBIX HEMPOHayK 3agayva 3D cermeHTaumm 27

UniSeg: A Unified Multi-Modal LiDAR Segmentation Network and the OpenPCSeg Codebase, 2023

Github: gocTtynHbl Beca npeaobyvyeHHOM moaenm 4

training time download
~12.0 hours
~8.7 hours
~13.1 hours

~14.5 hours

5]

[ -
| YR

NcTouHuK:https://arxiv.org/pdf/2309.05573v1




@ LIeHTp KOTHUTUBHbIX HEMPOHaYK 3apaya 3D cermeHTaLMu

JS3C-Net, 2020

Github: gocTtynHbl Beca npeaobyyeHHOM moaenu

Single Sweep
Point Cloud

Semantic Scene

FCHC

@ Element-wise Sum - -~ Discarded during Inference Completion

NcTounuk:https://arxiv.org/pdf/2012.03762v1




@ LIeHTp KOTHUTUBHbIX HEMPOHaYK 3apaya 3D cermeHTaLMu

JS3C-Net, 2020

Predicted Labels Ground Truth Label

- i \ f' ke i
i 'Wﬁ!{;f

< "*‘)é -

Predicted Labels

NcTouHuK:https://arxiv.org/pdf/2012.03762v1




@ LIeHTp KOTHUTUBHbIX HEMPOHaYK 3apayva 3D cermeHTaumm

[MoaymaTsb:

e [lenctButenbHO M Ham Hy*KeH SOTA noaxon nam MoxKHo
obonTnCb Yem-To nonpotule?

* KakK cgenatb n3 MPT obnako ToyeKk u noaaTtb Ha BXo4d, moaenm?




@ LIeHTP KOTHUTUBHbIX HEMPOHAYK 3apgaua 3D cermeHTauum

Ccbinku Ha Github mogenen, Kotopble
paboTatoT HenpambIM Nnoaxoaom. OHK
CUAbHO npoule B MHbepeHce (Kak byaTo)

* VoxNet, 2015 PointGrid, 2018 SnapNet, 2017




@ LIeHTP KOTHUTUBHbIX HEMPOHAYK 3apgaua 3D cermeHTauum

N npambim nogxonom. Hawna HeCKONbKO
He O4YeHb CTPALUHbIX :)

DGSNN, 2018 * SpiderCNN, 2018 ldgenn, 2019
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