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FONOJMIHCHHAS PCAJIDHOCTD

TexHonoruna, kotopas gobasngaer MIXED REALITY
LMPPOBYIO MHpOPMALMIO K {&o "y m

BOCMPUATUIO pearbHOro MMpa, —
COXpaHas ero BUAMMbIM a1

nosib3oBaTesnd.

1992 - Thomas Caudell
ncrnonb3yet TepmuH “Augmented
Reality”
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MaTCoMaTMUCCKMC MCTOoOObIEB AR

OpomeTpusa
N3BneyveHne KNo4YeBbIX TOYEK

[MpoekTnBHOE NpeobpasoBaHne

N3BnedeHne TpexMepHbIX NapaMeTpPoB CLEHbI

S 2 2

TpexmepHasa peKOHCTPYKLUNA



OonomMmerpmnn

MeTo/, oL eHKM MOJIOXXEHUA U opuneHTaunun yCTpOIZCTBa

C MOMOLLbIO aHaNM3a AaHHbIX CEHCOPOB
‘A
-> KonecHas (ecnu y Bac ecTb Koneca)

NHepumoHas (IMU)

BusyanbHas (kamepa)

N 2

KoM6uHMpoBaHHas




Wisual inercial Ocdometry

-2> Position [ IMU ]

=> Velocity

. . Camera Lo

=>» Qrientation siHue
Cocto dunbTtp
AHue KanmaHa

Heonpe
AENeHH
OoCTb




MSBJICUHICHMNC KIIOUHCEBDIN TOUCK

1. MeTofbl Ha OCHOBE yr/i0oB 3. KOMOMHMpPOBaHHbIE

=> Harris => ORB = FAST + Harris + BRIEF

> Shi—Tomasi - BRISK

>  FAST =  AKAZE

2. MeToabl Ha OCHOBE NPOCTPAHCTBA 4. HenpoceTteBble
acwTtabo

MactiT . > SuperPoint

= SIFT = LIFT

>  SURF - TILDE

-  KAZE > DetNet

>  BRISK



MNMSENCUHICHMC KJIIOVMICEDIX TOMICK \2

3apava MpeanoyTuTEenbHLIN
BapuaHT
MakcumarnbHasa cKkopocTb FAST
MpocTon tracking Harris / FAST
Real-time + xopoluee kayecTBO ORB

MacLwwTtab KapTUHOK CUITbHO MEHSIETCA SIFT / KAZE

CnoXHble U3aMeHeHus SuperPoint
OCBELLEHMNS/TOUKN 3pEHUS

CoBpemMeHHada cuctema SuperPoint + learned
COMOCTAaBIIEHNS N300paKEHU matching

https://arxiv.org/abs/1908.09300


https://arxiv.org/abs/1908.09300

NMPOCKTUEBHOC NPCOGRPATOBAHMC

(Homography)

B3anMHO-0gHO3Ha4YHOE OTOOpaxeHmne NPOEKTUBHOIO NPOCTPaHCTBa Ha ceb4,
COXPAHSOLEeE OTHOLLEHME MOPSAKA YaCTUYHO YNOPSA0YEHHOIO MHOXECTBA BCEX

NOANPOCTPAHCTB (MPAMbIX, M/TOCKOCTEN)
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MenonniaoBaHMC NPOCKTMEHOrO
NnpPeCoGPRASOBAHMSI

=  W3Bne4dyeHune 3agaHHbIX NIOCKOCTEN

=> BbluncneHue npeobpasoBaHUs NONOXEHUSA
Kamepbl

-> CoBMelleHne NepcnekTuBa

https://docs.opencv.org/4.x/d9/dab/tutorial homography.html
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https://docs.opencv.org/4.x/d9/dab/tutorial_homography.html

OnrmiIccCKMM NOTOK

OTob6paXkeHne BUANMOro ABUXEHUSA 0ObEKTOB, MOBEPXHOCTEN N MPaHuL, B CLEHe,
BbI3BAHHOIO OTHOCUTESIbHbIM ABUXEHUEM HabnoaaTend n cueHsbl

oI or oI
Vit —V,+— =
5V T 5t o = O

OCHOBHOE ypaBHEHNE ONTUYECKOIrO NOTOKA COOAEPXKNUT ABE HEN3BECTHbLIX N HE
MOXET ObITb O4HO3HAYHO pa3peLleHo

https://docs.opencv.org/3.4/d4/dee/tutorial optical flow.htm
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https://docs.opencv.org/3.4/d4/dee/tutorial_optical_flow.htm

MeTon NMMvkaca-iKanage

MeTo OCHOBAH Ha NpeanosioXeHUN, YTO B STOKA/IbHOM OKPECTHOCTN KaXaoro
NMMKCcend 3HayeHmne onTUYeCcKoro NoToka oaMHaKoBO,

Takum 06pasoM MOXXHO 3arnncatb OCHOBHOE€ ypaBHEHNE ONMTUHECKOIO NMNOTOKA ANn4d
BCEX NUKceneun OKPECTHOCTU U pellnTb NOJTYHEHHYIO CUCTEMY ypaBHeHMVI MeToaOoM
HaMMEeHbLUNX KBAApaToB

L(q)Ve + L(q1)Vy = —1It(qn)
I (gq2) Ve + Iy(Q‘Z)Vy - _It(‘I?)

I(q.)V. + Iy(‘]n)Vy = —~1i(q.)
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NMPMMCHCHMC ONTMUHICCHKOrO NOTOKY

CxaTtune Bngeo

Crabunmnsauua Bnageo

OTcnexmnsaHme o6 bEeKToB

R 2

Bus3yanbHasi ogomeTpus

15



MSBJICUHICHMNC TPCHNMCPHDIN
NMAPAMCETPOE CLLCHDI

=> CeHcop ry6uHsbl (IR, Lidar)

=>  [ncnaputet (2 kamepbl)

=>  [nHammnyeckuin gucnapurtet

(1 kamepa)
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KapTraHccooTRCTCTEMA
(D:sparcty Map)

[Mpu n3BECTHbIX NapaMeTpax CEHCOPOB:

=> yron o63opa (fov),
=> JokycHoe pacctoaHue (f),
=> paccTosHune mexay hokycamu (B)

— MOXHO paccumnTatb NpudNn3nTenibHoe
paCcCTOsIHME OO0 OOBLEKTOB Ha

n3o6paxeHun

https://docs.opencv.org/4.x/dd/d53/tutorial py depthmap.html

Baseline
B

O!
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https://docs.opencv.org/4.x/dd/d53/tutorial_py_depthmap.html

TPCHMCPHASLI PCKOHCTPRPVKILLMSE

KapTa rnyobuHbl + 0CobOble TOUKN = 061aKOo ToYek (X, Y, Z)

OueHka Sparse Point Cloud gna nonyyeHuns reomeTpmn oObEKTOB

MeToa

Delaunay / 3D Delaunay
tetrahedralization

Moving Least Squares (MLS) +
meshing

RBF / implicit surface
reconstruction

Sparse-cloud behavior

Can produce unwanted tetrahedral
connections

Smooths and estimates a surface
before triangulation

Can produce continuous surfaces
across gaps
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Method Lighting Representation Advantages
Parametric Point, directional, area lights = Simple, fast,
Lighting interpretable
Environment HDR 2D environment map Represents complex
Map Estimation illumination
Spherical SH coefficients Compact and efficient

Harmonics (SH)

Neural Lighting Learned environment/light Handles complex
Estimation representation real-world scenes

Limitations

Limited for complex
lighting

Difficult from a single
image

Poor at sharp light
sources

Requires training
data/model

https://www.researchgate.net/publication/259547779 Multiple Light Source Estimation in a Single Image


https://www.researchgate.net/publication/259547779_Multiple_Light_Source_Estimation_in_a_Single_Image

HaK 3TO PaGoTACT

o ——




MHCTPRPYMCHTDI

e 2

AR Core

¢

https://arvr.google.com/arcore

AR Kit

¢

https://developer.apple.com/augmented-reality

AR Engine

¢

https://developer.huawei.com/consumer/en/doc/graphics-Guides/introduction-0000001088644

949

Meta XR SDK

¢

https://developers.meta.com/horizon/develop/
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https://arvr.google.com/arcore/
https://developer.apple.com/augmented-reality/
https://developer.huawei.com/consumer/en/doc/graphics-Guides/introduction-0000001088644949
https://developer.huawei.com/consumer/en/doc/graphics-Guides/introduction-0000001088644949
https://developers.meta.com/horizon/develop/

CTOPOHHMC GNGMINOTCKM

EasyAR Niantic
https://www.nianticspatial.com/docs/

https://www.easyar.com/

Vuforia

hitps://www.ptc.com/en/products/vuforia/



https://www.easyar.com/
https://www.nianticspatial.com/docs/
https://www.ptc.com/en/products/vuforia/

-=> AFrame

€ https://aframe.io
- ARJS

€ https://ar-js-org.github.io/AR.js-Docs/
- MindAR

€  htips:/github.com/hiukim/mind-ar-js
=> BabylonJS

€ https://doc.babylonjs.com/features/featuresDeepDive/webXR/webXRARFeatures/
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https://github.com/hiukim/mind-ar-js

Unity AR Founciac:on

https://docs.unity3d.com/Manual/AROverview.html



https://docs.unity3d.com/Manual/AROverview.html

-> Pacno3HaBaHMe KOHTEKCTOB
=> CoBMecTHaqa paboTa HECKO/IbKNX
YCTPOWCTB

-> B3anmopgencreume BUpPTyasibHbIX U
peanbHbIX OOBEKTOB

CGIT_VINES
{8 R




