17 rpyanst 2020 poky cryaeHTH 0CBiTHBOI mporpamMu Komn'orepHi Hayku XMeJbHUIIBKOTO
HanioHaIBHOro yHiBepeuTery npumitnsn Online (MS Teams) yuacts y kpyromy 9 &
mitani 3D scanning, opranizaropom sikoro € AMC Bridge .

!' Crnikep - Onexciii 3apy6in, Senior Software Developer, AMC Bridge. Onekciit mae 7+ pokis
JI0CBily pO3pOOKHM NPOrPaMHOro 3a0€3IE€UeHHs Ta 5+ poKiB 10cBimxy po3pooku B Unity 3D
[Tix gac mpe3enTartii Onexciit o3HaiioMuB 3 3D TEXHONOTIsAMH =

[TosiBa 3D-TexHoIOT1# BiIKpHia abCOMIOTHO HOBY Chepy MOKIMBOCTEH, KOJIM MOBA 3aXOAUTh ITPO
po3poOKy mponaykTiB. 3D-ckaHyBaHHS Mae Oarato mepeBar. XTO MOXE OTpUMaTH OeHEe(iTH Bix
3D-ckanyBanHs. OJeKCiii MOAUTMBCS CBOIM JTIOCBIIOM poOOoTH 3 mporiecamu 3D-ckanyBanHs. Bin
pO3MOBiB, gk mpauoe 3D-ckaHyBaHHS, sfKe amapaTHe 3a0e3ledeHHs MOTpiOHO, 1, 30Kpema,
posmnoBiB mpo Marching cubes Ta anroputmu SLAM, 1110 BAKOPHCTOBYIOTHCS JUIsl CKaHyBaHHS 3D-
06’eKTiB. =
! Byno meranikapo i cynepkopucHo = .

X04eMo BII3HAYUTH BUCOKY aKTUBHICTh BCiX yU4acHHKIB " . HallOUIbIII akTUBHI YYaCHUKH MiTamy
MOJIUTHIIUCS CBOIMU BPKEHHSIMHU.

LInuuko Anacmacis, crypentka rpynu KH-17. 0OCUTb iH(pOpMaTHBHA Ta Mi3HaBaJIbHA 3ycTpiy. LlikaBuii
JIOCBIJI, 0COOIMBO HA JUCTAHIIII.

Kpasuyx Ana, crynentka rpynu KHm-20: MiTan OyB IiKaBHi Ta mi3HaBaibHMi! Criomo6anock Te, 1o
MOYKHa OyJ10 33aTH 3aIUTaHHs 0OCOOUCTO CIiKepy, B KiHII 3ycTpiyi!

Mopos Onexcanodp, crypent rpynm KH-17: mitan OyB J0oBOJI IikaBuii. Jli3HaBcs ski OyBarOTh
pizHOBUAM 3D ckaHepiB Ta Jie iX BUKOPUCTOBYIOTh. Ajie Oyino O kpaiie, sSKOW IMOKa3aaud B
pealbHOMY 4aci SIK BiI0YBa€ThCs CKaHyBaHHS 00'€KTa, SKOICh IrpalliKi YU MpeaAMeTa. 3HAIOYH ,
mo B 12 iPhone € LiDAR, sikuii BUKoHYe Ti CX0XYy (YHKIIII 1 32 JOMTOMOTOIO SIKOTO B JIOCHUTH
KOPOTKHI yac MoxkHa 3po0uTH 3D Moze1b KIMHATH U BCi€l KBapTHPH, a00 3K IPEIMETY.

Buwuncokuil Inns, crypent rpynu KH-17 : Ha 3yCTpivi Ji3HABCS PO METOIH Ta 3ac00u 31 CKaHYBaHHSI.
3aranom, Oyio ayke IiKaBo.

Osuapyx Onexcanop, crypent rpynu KH-17: Ha Tipe3eHTaii Oynmu posrisHyti tunu 3D ckanepis,
anmroputMu 3D ckanyBaHHS, Tanmy3i 3acrocyBanHs 3D TexHomorii Ta mMpobIEMH, IO MOXYTh
BUHHKAaTH B TIPOIleCi CKaHyBaHHSI Ta TOOydoBHM Mojeieil. Takok B Xoxi Tpe3eHTarii
aKIICHTYyBAJIacsl yBara Ha ranmy3sx BukopuctanHs 3D TexHonoriii, a came meaunuHi. B mimomy
Mpe3eHTallis Oyna T0CTaTHRO IIKaBOO Ta 1H(GOPMATUBHOIO 1 3aJTUIITHIIA IO3UTHBHI BPaKEHHSI.

I'pumax Poman, crypent rpynu KHw-20 © KoHdepeHIus: BBINUIa MMO3HABATEIBHOW M JOCTATOYHO
UH(POPMATHUBHON Ha aKTyalIbHYIO TEMaTHKY. B 00111em, 1aHHas pe3eHTalnus, a eciid ObITh TOUHEe,
ylnoMsiHyTast cdepa JesITelNbHOCTH HABEpHsSKAa ChI'PaeT KIIOUYEBYIO pOJb B Pa3BUTHU
NIEPCIEKTUBHOW aBTOMATU3UPOBAHHOM UHAYCTPUUL)

Anuywvrutl Onee, ctynent rpynn KH-17: 0yB choroHi yuacHukom mitarry 3D scanning. How it works"
Bin AMC Bridge. KondepeHitis mpoxoausia TOCUTh KBaBO, Yac MPOJIETIB HEMOMITHO. OJieKcii
3apy0iH 4yn0BUiA CHiKep, Ta HOr0 MaHepa BHKJIAJaHHS YK€ I[iKaBa, BiJl HhOTO Ji3HABCS Oarato
HOBOTrO 1po 3D TexHomorii.

Botiuuwun Onexcandp, crynent rpynn KHw-20: MEHI CI1o100a10Ch, 320 JHO B3HAB JICIIO HOBE /IS ceOe)
[To6auuB 3 SKUMHU TEXHOJIOTISIMHU 3apa3 MPaIioloTh B HANpsMKY 3/ Ta siki came kommanii. Takox
MOYYyB HA MPUKJIA/I, A€ [0 BUKOPUCTOBYETHCS.


https://kn.khnu.km.ua/page.aspx
https://www.facebook.com/AMCbridge

3anyyvka Onvea, crypewTka rpynv KH-18: ChOTOMAHI Oynma ydacHuiero wmitamy Big AMC Bridge.
Jli3Hasach Mpo MepCreKTUBHI HANpsIMKU po3BUTKY y chepi 3D. He3Bakatoun Ha Te, 10 MiTar
JTUCTaHIIMHAN, MOXHa OyJIO TOBHICTIO 3aHYPHUTHCh B poOoudy armocdepy: CIHIKEp HE JIHIIe
JUTMBCSL KOPUCHOIO iH(opMalli€to, a i JaBaB 3p0o3yMiJii BiAMOBiAI Ha Ham nuTanHsA. OTpumana
[IO3UTHBHI eMOIIil.

Kapneuyx J[mumpo, crypent rpynu KH-17. TOTIOBiAL OyJia YiTKOIO 1 SCHOK, 0€3 HISKHX JIMIITHIX
BIJICTYIIIB B CTOPOHY, BCe YHCTO 1o Temi. Craiinu Ha npe3eHTarii Oyau BCi aHIIIHCEKOI0 MOBOIO,
MIiCTIsl IEPeTysiay BiauyBaro mo Bxke rotopuil mucatu 3HO 3 AHrmilicbkoi. 3a MiBTOpHU TOJWHU
MU BCTHUTJH OOTOBOPUTH BCE, MOYMHAIOYH BiJl TAKWX MHUTaHb: [0 TaKe CKaHyBaHHS, SKi € BHJIU
CKaHYBaHHS, METOJIU 300py JaHUX, AITOPUTMH CKaHYBaHHS, 1 3aKIHUYIOYH pO300POM MUTAHb: 11O
SIKiif METOTUIII KOHBEPTYIOTHCS BX1/IHI JaHi peaibHUX 00’ €KTiB B 3d 1aHi Ha IPUCTPOI Ta peabHa
MOJIEJTh JIFOJICHKOT0 MO3KY 32 JIOTIOMOTor0 3d CKaHyBaHHSI.

Ocob6muBo criofobanocss Te, MO He TIIbKK Oyina Teopis Mpo Te sIK Iie BCe pOOUTHCA, ane i
NpeJCTaBICHO Jeski mporpaMHi Koam KouBeprairii o6’ekra B 3d momens. Ilokazamu sk
CTBOPIOBATH KJIACH 1 SIKi B HUX IOJISI HOTPIOHO pO3MICTHUTH, sIK copmyBaru 3d mikcenb Hy 1 Tak
nami, ToOTO Oylo pealbHO TOKAa3aHO SK 3alporpaMyBaTH TI€BHY 4YacTHUHY aJITOPUTMY
kogoM. JlomoBijay JaBaB HACTAHOBH SIKi KHUTH OaxkaHO OYi10 O mpodnuTaTH n100 MiIBULITUTH CBil
piBEHB 3HAHb 3 MPOTPAMyBaHHSL.

Meoseduyk Bimaniti, crypent rpynn KH-19: MeH1 Oyno qyke IIKaBO CIyXaTH CIIIKepa, 3yCcTpid B
oMy cnogo6anack. OcobnmBo OyIno 1iKaBo Mociyxartu creriaiicra B oonacti Unity 3D, amxe
s TUcaB KypcoBuii mpoekT Ha maatdopmi Unity 3D i s 3arikaBieHnii po3poOKO0 MpOrpaMHUX
IPOAYKTIB Ha il maTdopmi.

Cmebeneyvrkuii Mupocnas, crynent rpynu KH-17: 3aramom Bce cmomobamock mpo 3d -
CKaHyBaHHS 3a JIOMIOMOT0I0 JTazepHux 3d - mpuHTEpiB. 3a1aBaB MiKaBi MEHI TUTAHHS.
Mawmanap Mamsiii, cryaent rp. KH-19-1: «Meni cioio6anocsk, 1o JISKTOp MO3HAHOMUB HAC 3
anroputMoM 3D ckanyBanHs. [{ikaBuM OyJi0 TaKOX Te, IO BiH HAJaB 3HAHHS 5K 110 TEOPETUYHIN
YacTUHI, TaK 1 MPAKTUYHO IOKa3aB JEMO Bepcii mporpam, siki peani3yioTh Iei anroputm. B
MaiOyTHHOMY 51 O XOTIB CIIPOOYBAaTH peaizyBaTi HOTO B CBOIX MPOEKTaX.)»

Liyveipa Iuip, ctynent rp. KH-19-2: «Jli3HaBcs 6arato HoBOTO 1po TexHosorii 3D ckanyBaHHS,
SIK 1I€ TIPAIIOE , SIKI METOJU Ta AITOPUTMH MPH IbOMY BUKOPUCTOBYIOTH, 3 SIKUMHU MPOOIeMaMu
YaCTO CTUKAIOTHCA. [[esKi anropuTMu Oyiv MpoAeMOHCTPOBaHI y ieMo-Tiporpamax. Takox IiKkaBo
OyIo mociyxaTH BiNOBI/II Ha 3anuTaHHs. Jlymato, iHpopmaris, SIKy s OTpUMAaB Ha [IbOMY MiTarli,
€ JIOBOJI1 KOPUCHOIO JIJII MEHE 1 3HaJI00UTHCA MEH1 Y MallOyTHHOMY. »

Mu pani, 110 X04 TPOXH 3MOTJIM PO3BAXKHUTH 1 MOTHBYBATH HAIIUX CTYICHTIB 32 CKJIQJHUX YMOB
chLoromeHHs!
o 3yctpiui! =



Let's Talk: 3D Scanning. How It Works

AMC

engineering soffware development services
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Let's Talk: 3D Scanning. How It Works Ha TIo 7 Mokunyme

@ 3D scanners
@ Touch Probe 3D scanners
@0 Photogrammetry
@ Structured-light 3D scanner
@0 Time-of-flight camera
@ Triangulation laser 3D scanner
@0 Algorithms used for scanning
@ Scanning steps
@ TSDF
am SLAM
@0 Marching Cubes
@0 Marching Cubes Demo

Copyright & 2020, AMC Bridge LLC



Let's Talk: 3D Scanning. How It Works

Contact 3D scanners probe the subject through physical touch, while the object is in contact with
or resting on a precision flat surface plate, ground and polished to a specific maximum of surface
roughness.

good accuracy on small and medium size
parts
can be used to qualify production

Let's Talk: 3D Scanning. How It Works

A structured-light 3D scanner is a 3D scanning device for measuring the three-
dimensional shape of an object using projected light patterns and a camera system. This
is short-range device (<1 meter focal distance).

Light stripe

Shaped |t 1 Object pixel
object |\
Stripe number
Matrix camera
Camera
Stripe pixel
projector
”‘l
i
o Triangulation base
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Let's Talk: 3D Scanning. How It Works

Edge index

Vertex index

// Predefined and filled tables
int[] EdgeTable = new int[256]; 5
int[,] TrianglesTable = new int[256, 16];

Vertex 3 inside (or
outside) the

Jf 1. Calculate vertex mask by evaluating corner scalar value

// Vertex mask is 8 bit mask 8808 1e80 4. | 7
if (vertex.isovalue ¢ isolevel) i ’,/‘ volume
cubeIndex |= 2 " index; ,' Isosurface facet

/{ 2. Take edge mask from predefined Edge table
// Edge mask is 12 bit mask 1eee @ese 1109
int edgeMask = EdgeTable[cubeIndex];

ions on each intersected edge e

t[12]; ./_/ /

// 3. calculate points po
Point[] vertices = new Poir

nt p2, float vall, float val2, float isovalue)

Point EvaluatePoint(Pc

{
2

t p1,

return p1 + (isovalue - vall) * (p2 - p1) / (val2 - vall); it

Let's Talk: 3D Scanning. How It Works MokuHyTs

Show cube
2 sided mesh
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Let's Talk: 3D Scanning. How It Works

Banpo:bl W OTBEThI NO
TpaHonayMn

Contact Non-contact
Destructive Non-destructive
Destructive Touch probe
slicing scanning

Ellie HeT NonynApHLIX BONPOCOB
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Banpo:bl W OTBEThI NO
TpaHcnayun

Marching cubes is a computer graphics algorithm, published in
the 1987 SIGGRAPH proceedings by William E. Lorensen and
Harvey E. Cline, for extracting a polygonal mesh of
an isosurface from a three-dimensional discrete scalar
field (sometimes called a voxel)

XL LS

1700 Face

{' i
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Bonpacs! 1 oTseT no
TPaHCARLY MK

re—

In two-dimensions space we can use an algorithm called Marching squares

Opud

I AEEEAET ] 0 olo o0lo 1. Threshold with iso-value
12321 0 1.1 1 0 2 Binaryimage to cells
1/3|/3/3]1 01110 3
123 2 1 001110 3. Give every cell a number I:I
1{1f1/1]1 0/0/o0o o0 based on which corners are
a4 . Case 0
true/false
.0 0 0 [ 2 S T ] I D
&g O . & o009 4 Lookup the contour lines in Case 4
b4 1 b4 2 the table and put them in
. . ) . X X
. . . . the cells

n a= MPAMAR TPAHCHALIMA

= Homom oo 4B 98
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Show cube

2 sided mesh




Let's Talk: 3D Scanning. How It Works an MoknHyTs

SPEAKER

Senior Software Developer

7+ years of Software development
experience

Programming language - C#
5+ years of development in Unity3D

Solid expertise in computer graphics
applications

In AMC Bridge since 2013

Let's Talk: 3 nning. How It Works yHaia o TloKkuHyTH

Contact 3D scanners probe the subject through physical touch, while the object is in contact with
or resting on a precision flat surface plate, ground and polished to a specific maximum of surface

roughness.




Let's Talk: 3D Scanning. How It Works

A structured-light 3D scanner is a 3D scanning device for measuring the three-

dimensional shape of an object using projected light patterns and a camera system. This
is short-range device (<1 meter focal distance).

Deiicrsnn

Let's Talk: 3D Scanning. How It Works

Kouaras

= Triangulation based 3D laser scanners are also active scanners that use laser light to probe the
Cotpiis environment. With respect to time-of-flight 3D laser scanner, the triangulation laser shines a laser on
L the subjett and exploits a camera to look for the location of the laser dot. This is short-range device.

3a0HKM Laser

Pl

CCD/PSD - Sensor

| g

"

Lense

@ainbi
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Let's Talk: 3D Scanning. How It Works

Handheld

a
Aescamis Let's Talk: 3D Scanning. How It Works
- |

Yar

ese
ugs
Komanas!

o Feature-Based

Catpoxe Abstract image to feature observation

S

3BOHKM

Extract and Match features (SIFT
/SURF/..)

Min. reprojection error
(point distances) _

est, feature-parameters
(3D points / normals)

Copyright © 2020, AMC Bridge LLC

Crpaska BhiktounTs 38y

Turn table

I

Static (Mounted)

Direct

Keep full images (no abstraction)

MokmHyTs




Let's Talk: 3D Scanning. How It Works 1y oMOLLL? IokuHyTs

Typically done using marching cubes, a 3D analogue to marching squares

- K- e -1 e
There are 28 = 256 {E:In!}!llr!:i:}li‘; -‘— — .\: pw\z\. e SR

But without rotation and reflection

P g

there are only 15 unique

combinations

Let's Talk: 3D Scanning. How It Works HyxHa nomolis? Mokt

Your questions,
please...

303 Wyman Street,
Suite 300, Waltham
MA 02451, USA

www.amcbridge.com
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Let's Talk: 3D Scanning. How It Works

Dimensions 323x61.3x209cm

Interface HDMI and USB x 2

Single scan is 2 seconds

Scanmng time (or up to 10 seconds)

Scan size 60-500 mm
. up to 2,300,00 vertices per
Mesh density sian
Accuracy 0.005mm ‘
Exported OBJ, STL, PLY
formats
Software Windons

HP 3D Scan Software

Price 3,500%

Let's Talk: 3D Scanning. How It Works

Sparse SLAM systems use only a small selected subset of the pixels in an image frame,
while dense SLAM systems use most or all of the pixels in each received frame.

Parallel Tracking and Mapping Large-Scale Direct SLAM Dense Tracking and Mapping

The sparse map created by PTAM, The semi-dense map in the LSD- The dense map generated by the

where the colored points are map SLAM, where the colored points are DTAM system. All points on the
points map points surface are part of the map

Copyright © 2020, AMC Bridge LLC SRIDGE=
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Wireframe Shaded

Show log

Read volume data from "mri.raw” file finished in 1460ms

“mri.raw" file isovalue min value is O and max value is 247, use isovalue 15 for triangulation
Marching Cubgs triangulation finished in 8245ms

Mesh info: vertices count is 384,320, indices count is 2,481,798

opyright © 2020, AMC Biidga LLL BRIDGE
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e T ——

Camera calibration

Loop closure

Drifting

Texture mapping alignment [ M, “W !
Glass/reflective materials m
Varying lighting conditions and reflections =

Colorless solid objects

Symmetrical objects




Let's Talk: 3D Scanning. How It Works

A time-of-flight camera (ToF camera) is a range imaging camera system that resolves
distance based on the known speed of light, measuring the time-of-flight of a light signal
between the camera and the subject for each point of the image. This sensor is medium
range ( > 2 meters focal distance).

Camera + pulsed B b

Target

1R light source

opyrigh 0, AMC Bridge
pyright 0, AMC Bridge LL

Let's Talk: 3D Scanning. How It Works Hys AOULE MowwnyTs o &

HacTtpoiiku ycTpolicTe X

Hacrpoitku npuncxkenua

Mo ymonuaHwo

OTKPLITL A3LIKOELIE HACTPORKH

© npunoxeHnn
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Let's Talk: 3D Scanning. How It Works

Typically done using marching cubes, a 3D analogue to marching squares

There are 248 = 256 combinations

But without rotation and reflection

there are only 15 unique

combinations

= [a} >
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Bonpocsl n oteeTei N0
TPaHCnALMK

Caswie
nochegnme

TEEPACTEALHOE MOAEAVPOBAHVE (8 T.4.
NMCTOBOR Matepuan). Xouy pa3sveaTecd B
cepe pazpaborim nHxerepHoro NO
(Hanpumep Toro, uto aenaet AMC). C
Yero NOCOBETYETE HAUATET

AHOHUMHBIR

flKa 3 MOB NpOrPaMysarkA KpaLLe
niaxeanTs ans pobotu 3 3d ckaHepamu?

Andrew

Ak 81 POINOUANM CBOK K
MPALIOBANY LILE AECh A0 T
KOMMaHii?

py? Y au
OUHOT

Yurii

Kax MoxHa ucnoss3osats 3D Scanning
MpK CO3AaHHM Arp?

Diana 7

Moackaxure, NoXanyAcTa 3AaHUA 1
MCTOYHKKY, 48 MOXHO HaATH
QBYHAIOLLYH0 HHBOPMALMIO ©
MPOrpaMMAMpOBaHM Makpocos ans 3D
CATP W NORKFGHARLHEX TIPOTPAMM ANR
3D mMoaenMpoBaHus.

# Shingeki no Kyojin: The Final 5= X | ==

MokunHyTe

Bonpock! n
TPaHCAALWUY

AHOHMMHBIA
TAe NpUMeHAaKT
Hopui G:47F

Kak moxHo npe
B MeguUnHe?



@ - o

anning. How It

Live event Q&A @

A 3D scanner is a device that analyses a real-world object or environment to collect data
on its shape and possibly its appearance (e.g. color). The collected data can then be used
to construct digital 3D models.

No featured questions yet

" 4 UVE




Let's Talk: 3D Scanning. How It Works HysHa nomouss NoxuHyTs

Sparse SLAM systems use only a small selected subset of the pixels in an image frame,

while dense SLAM systems use most or all of the pixels in each received frame.

Parallel Tracking and Mapping Large-Scale Direct SLAM Dense Tracking and Mapping

The sparse map created by PTAM, The semi-dense map in the LSD The dense map generated by the

where the colored points are map SLAM, where the colored points are DTAM system. All points on the
points map points surface are part of the map
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