L3D zaznam tvaru objektt dopadem laserového paprsku na predmét a detekce
odrazeného zareni — intenzita a smér, slozeni obrazu z velkého poctu diskrétnich bodu —
neni to holografie!

o Laserove skenovani
nevyhody.

LSpatna identifikace hran
Qnutny specialni program na zpracovani mrac¢na bod(
Upfristroje i software, které rychle starnou

vyhody:

bezdotykova profilometrie na vzdalenost cm — 10kt " {

dna vzduchu, ve vakuu i pod vodou
drychly sbér pfimo mérenych 3D bodu (tisice az njlilels)"A eleLe[¥
zcela automatizovany provoz

URozliSeni desitky um na kratkou cm — m vzdalenost

ULaser napr. polovodiCovy 905, 670, 658, 405 nm
Q vykon jednotky az desitky mW



Rozmitani paprsku ve 2 smérech x, y

zrcadly
Charge-coupled
device
|r Collecting lens
EI:#

X-axis scanner
Fixed mirror

~/

Y-axis scanner

b
Svételny /

zdroj 0
Triangulaéni baze

Polovodicové lasery VIS a IR 800-
1500 nm; nekdy kombinovano i vice
viditelnych barev, odraz — uhel a
intenzita, skenovani 10 — 100 kHz,

modulace 300-800 kHz

Méreny
objekt
Bod
objektu —— = /\
/
/N

Maticové
kamera

Triangulacni metoda, rozliSeni zblizka: 50 um xy, 10 um z; z dalky — LIDAR 1-20

bodl 25 cm na m2 z 1000 m.

Rucni skenery i na stativu — rychla orientace pomoci vybranych pevnych >

vztaznych bodu v okoli



Liniové skenovani s 1
pfijimaci kamerou

Pijimaé

Méfeny objekt

Méfeny objekt



Raw Image

Processed Image
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Liniové skenovani "

https://youtu.be/EnYMMvv1Bw4

https://www.youtube.com/watch?v=1IDO1UevAJl
https://youtu.be/Txf4P7hD9uY ?list=PLIbNLALsbGQhVC9eXQ3pcflz4FGD4Kz02 5



Problémy

Skenovani ryh a sterbin

Rotace linie sleduje tvar

Y211 \f

Misto jedné linie laserového paprsku i nékolik kfiza — lepSi zachyceni Stérbin



Zrcadlové odrazy

Reflechve Surface



Skenovani hran
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Odlehlé parazitni body na hranach — zrcadlové odrazy
Pocet a poloha parazitnich bodu vyrazné zavisi na orientaci predmétu
— moznost jefich omezeni

0. 225mm' Left N /7 Right
Outlier Outlier ——  /——Outlier
Starting Plane \ / Plane
/ Line &
‘/,« \ oy
eference
: \ Omm Surface
(a) (b) (€)

Mixed reflection model validation: (a) scanned point cloud; (b) estimated outlier starting line; and (c) predicted outlier planes.
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Y. Wang, H.-Y. Feng / Measurement 57 (2014) 108-121



Laboratorni skener

A Biris sensor. (1) The optical principle combines triangulation with a double aperture mask to improve the 10
robustness of the laser line detection. (2) The head is compact and rugged.



Priklad venkovniho skeneru

vestaveny GPS prijimacC
Chyba vzdalenosti £ 2mm
Rozsah 0.6 — 330 m
Redukce Sumu 50 %

HD foto rozliSeni 170 megapixel

11



Time of flight — mérfeni doby od vyslani do navratu pulzu laseru
Vzdalenost predmétového bodu R = cAt/2, c...rychlost svétla ve vzduchu/vodé/vakuu

Typicky 5-300 m, nepresnost 4-10 mm, pro velké vzdalenosti nad 1 km 1-nékolik cm.
Moznost zaznamu barev RGB ve spojeni se zabudovanou kamerou
Problem s tvarem pulzu v Case i prostoru — idealné gaussovsky

indexem lomu a rozptylem v atmosfére/prostredi

parazitni nékolikanasobné odrazy

@ Pulse generator » Counter =

g start— 7 stop ] g o

: , , vyslany pulz 1 e PFjALY pulz
2 aer | TrANSMItter Al Receiver

- ' §

(free) atmosphere

target

il b 5 10ns



Fazovy posuv

Amplitudova modulace nosné viny dvéma dalSimi vinami a méfreni fazového posuvu
A viny odrazené od predmétu: * = AQ/(2-1)*A/2 + A/2n

Rozsah 1-120 m, mm presnost

Velmi rychlé -100 000 bodu/s TAM

automatické motorizované otaceni skeneru. = [Ag \></
Interiéry a jinak omezené arealy

Barevny zaznam

| VI L y : \ ‘ ‘ | | N > ! { | ‘
[k IShort modulation wavelength | ’ ‘ ) l Y N
\ | |

i, \I (1] “ | Hn '\

| ‘
\
' | | $ | | | \ ‘ ' () Carrier wave (laser)
I 1 ' ' |

Triangula€éni metoda

Ze zname vzdalenosti mezi zdrojem paprsku a bodem prijimajicim odrazeny paprsek

na CCD pfijimacCe a uhlem mezi zdrojem a predmétem dopocet vzdalenosti bodu na
predmetu

Rozsah 0,5-2 m, pfedmét 1 cm-3 m, mikrometrova presnost 13
VétSinou i moznost zaznamu barev RGB, nutné profesionalni osvétleni



Laser scanning techniques used in cultural heritage management activities

scanning system use typical accuracy / operating range
rotation stage * scanning small objects (that can be removed from site) 50 microns / 0.Im—Im
* to produce data suitable for a replica of the object to be made
triangy la:o;\- o arm mounted * scanning small objects and small surfaces 50 microns / 0.Im—Im
e * can be performed on site if required
scanners * can be used to produce a replica
mirror/prism * scanning small object surface areas in situ sub-mm / 0.Im-25m

* can be used to produce a replica

terrestrial time-of-flight laser scanners

* to survey building facades and interiors, resulting in line drawings
(with supporting data) and surface models

3-6mm at ranges up to several
hundred metres

terrestrial phase-comparison
laser scanners

* to survey building facades and interiors resulting in line drawings
(with supporting data) and surface models — particularly where
rapid data acquisition and high point density are required

¢ Smm at ranges up to 50-100m

airborne laser scanning

* to map and prospect landscapes (including in forested areas)

0.05m+ (depending on the parameters
of the survey) / 100m-3500m

mobile mapping

* to survey highways and railways
» for city models

* to monitor coastal erosion

[0-50mm / 100-200m

(adapted from Barber, DM, Dallas, RWA and Mills, |P 2006 ‘Laser scanning for architectural conservation', | Archit Conserv 12, 35-52)
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3D skenovani - strukturované svétlo
Laser neni potrebal

1. Light Source

2. Camera 2. Camera

1) Promitnuti vzoru z dataprojektoru (Cary, mfizka...) na predmeét
2) Snimani vzoru zdeformovaného Clenitosti povrchu z rdznych uhla =>
zaznam bodu se 3 soufadnicemi — 3D 15



N. Papas et al., A comparison of laser and structured light scanning technologies for archaeological
applications International Journal of Modern Manufacturing Technologies 13 (2021) 111-116.

Archaeological Museum of Thessaloniki
(AMTh

two-handled cup - late 1st - early 2nd
century AD,

structured light technology and laser scanning technology
- —r |

Overall, the laser scanner can produce a final STL model of higher

accuracy but with a significant drawback in the scanning time and data

size of the final model. In the end, with the use of a structured light

scanner, one can achieve similar accuracy with less than half of the
scanning time, while choosing a meshing algorithm that can significantly 16
reduce the model size.



2) 3D model
v PC

WIREIDHM
ScanTech high-precision

#iR3DMmR
3D model of buddha

ALYEIfC 3DFTED  SAL photocuring & 3D printing

https://www.3d-scantech.com/cultural-heritage-protection/



Opravy doplnénim hmoty 3D tiskem

-3D sken zachovalych Casti predmétu
-v pripadé pravidelnych vzoru tvorba 3D modelu v€etné chybéjicich ¢asti v PC
-3D tisk chybéjicich Casti

Ozdoba z Fuwang ge (Véz nepolapitelného snu) Belvedere of Viewing
Achievements, 4. nadvori palacového komplexu Peking

”?.2.?15 :?,,»..*WW/D :'fk,'. .
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3D sken ——— zpracovanidat ———» 3Dtisk

P. Marie s ditétem:
Szeged

A. Fehér, Using 3D Scanners in Archaeology, Hungarian Archaeology E-journal, 2013 Summer

http://www.linsinger.at/videos 2020/

https://www.3deling.com/heritage/?gclid=EAlalQobChMIyoqgsOi99gIVY
pBoCR2jxgiOEAMYAIAAEgJoffD BwE
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Skenovani staveb

Fig. 1: The Forum of Pompeii: view of the north side
with the Temple of Jupiter.

Fig. 2: The scanner 3D has been placed ata high 0

position to avoid the shade areas due to the presence
of people. It surveys a 360° angle area.

Fig. 11: The whole 3D model. after the processing of
468 scans with a miscalculation gap of 5-6 mm.



Fig. 3: The Forum of Pompeu during the 3D

N

LT A T > v

Fig. 8: Image in untrue colours of part of the 3D
model. obtained by the superimposition of three scans.

er

Fig. 4: "Cyclone

"

© software acquiring automatically
a tie point (target).
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Vybeér bodu a tvaru — redukce dat
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Figure 1. Al-Khasneh facade. Petra

Figure 3. 3D Model of Al-Khasneh.

s ey oy

Figure 2. Detailed view of the collected point
cloud

Figure 4. 360 degree scanning for the inner
part of Al-Khasneh

23
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Figure 7. Two intersecting planar surfaces.

Figure 6. Meshed model for the left door

Figure 8.The distance image projected on
the corresponding image.
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Muzeum Mevlana — Konya, Turecko

25



Muzeum Mevlana

Kontrolni linie skuteCna vzdalenost [m] sken [m] rozdil [m]
522-525 13.716 3.705 0.011
525-510 3.066 3.052 0.014
510-521 8.880 8.902 0.021
521-524 4.207 4.218 0.011

524-523 6.314 - 0.035

26



Sledovani — odhaleni posunuti budov

Fig. 1. Structural damage of a building front: /—cracking. side wing. ground floor: 2—damage in the central part.
first floor.

Fig. 2. Cloud of check points in the scan building.



0.03

Axis x (building length), m

g M\sﬂ
~0.02 -

45

60 75

- 0.07

Axis y (wall displacement
in plan view), m

R*=10.9935

—10.12

Fig. 3. Lateral displacement of the long wall of the building relative to the preset vertical plane.

|

=
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Yy

Fig. 4. Plane view of the building displacement relative to the design perimeter: /—factual perimeter: 2—design

perimeter; 3—most cracked areas.

I

2

L 13

28



Terénni situace

Fig. 7. Level lines of ¢ in the rock mass in the area of the analyzed building between 2005 and 2011.

JOURNAL OF MINING SCIENCE Vol. 51 No. 4 2015, 724-729.



Figure 1. The remains of the Priory Church (solid
shading represents standing walls) Hadcock, 1991,

Figure 12: Photograph of a plaster statue of the
Egvptian king (left) and the shaded image of the
modelled result (right). The noise is broken.

rekonstrukce

Figure 2 A background scan, top, and a detail scan,

2 ¥ ¥ - " Sl A : - o &
Figure 13: A trial of the nose restoration. Three noses below, of the area marked with a rectangle

(top left. top right and bottom left) are implanted from 30
other reconstructed models and the last (bottom right)
1s restored by using repetitive depth-to-depth operators.



Figure 5. 3D reconstruction of a china knick-knack from a rotational scan. On the right, a high resolution model. using reflectivity
mnformation to provide a photographic-like hyper realistic aspect. On the left. the same model in wireframe visualization mode after
applying a severe decimation of the number of triangles to 10% of the initial value.

\ x*.“

i fw .

Figure 6. Left to right : A wooden object, 1ts 3D mmage (intensity + phase), 1ts CAD model

31



B R Yew Juent Geowely Subek Mo ’uti'l:f- uhwy; ) -
IS Oatle® | B0 - ||z o= A& e

Kract 4t of poirk cses o e,

k
{@ PaToo0) AT
-
' HGH
Tap >
mosT
Par_Covs oo .
' bdweedond ssnshy
¥ o Mo x
|

~. Iy

U

Ay

L4t | "_-J

Figure 7. 3D reconstruction of Emperor Constantine’s marble head (from Frascati Museum) seen from the bottom. The chosen
visualization mode (point cloud) allows to see also the back of the surface. Data where collected by the AM-LR from 3 different
points of view at 120° along an axis. 32



Muzeum bible Washington, D.C. Hagerman Fossil Beds National Monument,
— ldahe

N/
Hagermanuv kun (Equus simplicidens) —
lebka, 3 mil. let, velmi podrobny sken (30
min.)

Tabulka s klinovym pismem, 2000 let pr.
K., Mezopotamie

Cleveland Museum of Natural History Etn.Qiang, sev. Se-Cuan, 5. stoleti pr. K.
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https://www.laserdesign.com/category/case

-studies/page/4/

Simpanzi zub: 7 dole Cinska 27cm bronzova dyka
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Figure 1-2.
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Figure 3.

The medieval castle of
Rezi: air view — a half-day
project on site with two
days of post-processing
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Figure 4-5.

Detail of a Neolithic settlement at Balatonszarszo: air photo and the 3D laser scanning picture (to elinunate
shadow would be a very time consuming. and therefore very expensive process).

37
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https://sketchfab.com/models/00d23c7defd0476db1a36c08728fa60f

3D model hrobu Richarda lll.

fotogrammetrie




3D tisk

Prototypy, nahradni dily, modely v architekture, zdravotnictvi (protetika), zabava a

umeéni (sochy, rekvizity, kulisy).

Rekonstrukce fosilii v paleontologii, kopie artefaktu v archeologii, rekonstrukce
kosti a Casti tél ve forenzni patologii, rekonstrukce tézce poskozenych dukazu
zlo€ind.

v'Spojeni laserového skenovani a poté 3D tisku naskenovaného
predmeétu/postavy => prace s kopii z 3D tiskarny misto opotrebovavani
originalu ©

3D skener v mobilu
https://youtu.be/VLaZ jDuZ30

https://youtu.be/NPYFDYzYfAw
https://youtu.be/rfZamqg2zjHM

Start with a 3D CAD file
either by creating the

42



Fotopolymerizace v nadobé

Stereolitografie (SLA) Nadrz s s kapalnou pryskyfici (fotopolymer opracovatelny
UV), v kapalné pryskyfici — vytvrzovani kapaliny vrstvu po vrstvé, UV laser — vytvrzeni
kapalné pryskyfice a spojeni s nizsi vrstvou, vyska 0,05 — 0,15 mm.

1986 Charles Hull
'\ Y Flatform
I Object (cured)
zdvih
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Material Jetting - tryskani

Nanaseni kapek tryskou vrstvu po vrstve a vytvrzeni
UV zarenim (podobné jako inkoustovy tisk)

UV cunng lamp

><

y ¥ €— Inkjet print heads

Leveling blade

Build matenal

Support matenial
Part support
Part

Build substrate
Build platform

Elevator



Spojovani prasku - Binder Jetting
PloSné nanaseni prasku vrstva po vrstve, v kazdé vrstvé vykreslen obrazec kapalnym
lepidlem nanasenym tryskou, které spoji prasek, nakonec je prebytecny okolni prasek

odstranén Liquid adhesive supply
Massachusetts | gEiiB|=NoI M=o $995 licence Z
Corporation
\ Inkjet print head
. Par
Leveling roller | Powder bed
Powder
feed supply

Build piston 45
Build chamber

Powder feed piston



Vytla€ovani materialu - Material Extrusion
Nejuzivanéjsi - Fused deposition modeling (FDM)

Odpvijeni plastového (Casto ABS - Acrylonitrile Butadiene Styrene a PLA -
Polylactic acid) nebo kovového viakna z civky do trysky — roztaveni a vytlaceni
na dana mista ve vrstvé — 2 materialy najednou: formovaci a podpurny, tvrdnuti
ihned po vytlaCeni.

Scott Crump 80. léta, fa Stratasys 1988.
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Selective
heat sintering
(SHS)

Spojovan prasku — rizné zpusoby

Powder Bed Fusion

Selective
Laser Sintering
{5L5)

Electron Multi
Beam Melting Jet Fusion
(EBM) (MJIF)
Direct Metal
Laser Sintering
{DMLS)

engineeringproductdesign.com



Fuzni praskové loze - Powder Bed Fusion

Selektivni laserové sintrovani (spékani) - Selective laser sintering (SLS): vykonny
laser (CO,,Nd:YAG, Yb vlaknovy) spoji Castice plastu, kovu, keramiky, skla =>
casto nutna finalni povrchova uprava

Opétovné vyuziti prebyteného materialu jako u SLA (streolitografie)

Dr. Carl Deckard, University of Texas, 80. léta, s podporou DARPA (Defense
Advanced Research Projects Agency)

Scanner system Laser
scanning

directon
— Laser beam Pre-placed
Laser - powder bed
Sintered (green state)
Roller Fabrication / powder particles
(brown state) Laser sintering

powder bed
/ Object being
\ / fabricated

Powder delivery piston ‘

Unsintered matenal
In previous layers

Fabrication piston



Laminace - Sheet Lamination

Spojovani nanasenych platu externi silou: kov, papir (spojovano lepidlem),
polymer. Ultrazvukové spajeni a vyrezani vrstvy CNC do pozadovaného tvaru.
Napfr. fa Mcor Technologies.

Ultrasonic Rotating
Oscillation Cylindrical
Sonotrode

Base Plate

Anvil

Force from
Sonotrode

S S

Ultrasonic Oscillation

[ T_ -
| [ R IR [N A
Y h--t--4--1--t
Foil/Foil Interface and Reaction Force
Solid State Bond from Anvil and

Base Plate



Directed Energy Deposition

Vyroba uzitim pokrocilych kovovych materialt. Tryska nanasi kovovy prasek nebo drat
+ tavici paprsek (laser, elektronovy paprsek, obloukové plazma) — tavi a tvaruje pevny
predmeét. e

i Processing direction

Powder stream
Laser baam
Deposited
material
Drlution area WS podt
\‘ Shield gas




Lidar — Light Detection And Ranging

QADalkovy prizkum pomoci detekce odrazeného/rozptyleného laserového nebo
fluorescencéniho zareni,

Qvyuziti pruzného rozptylu na aerosolech (Rayleigh | ~ 1/A%),

dnepruzného rozptylu (Raman, IR spektroskopie), doba rozptylu 1010 — 1012 s =>
vysoke prostorove rozliseni

dDetekce zemé-vzduch nebo letadlo-vzduch/zemé/voda, druzice-
vzduch/zemé/voda

L Dalkova analyza polutantu — analyticky LIDAR:

v'Kalibrace na O,, N,, CO,; Pf. Raman SO,: N, laser v noci LOD 1 ppm na 1 km,
prostor. presnost 10 m; fluorescence SO,: 301,1 nm, LOD 0,1 ppb na 10m, 10 ppm
na 1 km; NO,, ethen, bojové plyny: CO, laser

L Skenovani povrchu — topograficky LIDAR: archeologie, geolog. prazkum
apod... méreni vzdalenosti: GaAs laser do 1 km, rozliSeni 10 cm, Nd:YAG do 10
km, rozliSeni 1 m, rubinovy I. silné ns pulzy 1 GW, do 1000 km; méfi se doba
navratu i tvar odrazeného pulzu

51



odraznost (%) ——- sucha plda
60— —  vegetace

— —
f ™
"'uu o T

T e

I I I | | | I | I I
04 Q06 08 10 12 14 16 18 20 22 24 26
vinova délka (pm)

Absorption of the Three

= Main Chromophores

E . 1 I

z | o HO

.§ Cal Al o
= !,.-E"'

5 i {

o] e

: o

S S :

g v 37 MELANIN

o

z 4 (s [V | a 4
< 1m0 200 I4EIEI IEEIEI IEIEIIZII 2000 AIEIEIEI BO00 II:IEIEIE A Nm)

XeCl KTP Nd:YAGErRYAG GO,

Absorption spectrum of the 3 main chromophores in tissues (water. haemoglobin and melanin) ®*. Arrows mark the
emission wavelengths of the main laser sources commercially available.
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Absorption coefficient as function of wavelength for water and tissue®. It can be seen that the tissue absorption is
governed by the water content of the tissue for infrared wavelengths and the absorption charactenistics of haemoglobin and other
organic molecules 1n the visible and in the UV. Blood for instance has a strong absorption in the blue and green part of the spectrum,
and penetration depth into the skin 1s largest for the red and near IR wavelengths.
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LIDAR - NOAA survey aircraft: Bixby Bridge,Big Sur, Calif. Here, LIDAR data reveals a
top-down (top left) and profile view of Bixby Bridge.

NOAA (National Oceanic and Atmospheric Administration)
https://geodesy.noaa.gov/INFO/facts/lidar.shtml
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LIDAR — prizkum pod vodni hladinou (bathymetry)

QOdrazi IR = > zeleny
laser ve vode, IR laser pro 3
detekci hladiny

QVelky rozptyl ve vodé = > |
dlouhé pulzy 250 ns TSEEen
URychlost sbéru dat ~ kHz
LNasobne vétsi vykon

laseru nez ve vzduchu

www.mostrobotics.com

Pouzitelny do hloubek 2 Secchi, obvykle desitky metrl
Secchiho kotou€ (Angelo Secchi): ¢ 30 cm slana, 20 cm sladka voda
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LIDAR nebo 3D skener? Nékdy prolinani uloh
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Konfokalni mikroskopie -
prostorové skenovani laserem

buzené fluorescence, preostrovani
do ruznych hloubek i horizontalnich

poloh
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Schematic diagram of the optical pathway and
prmc1pal components in a laser scanning confocal micro-
scope.

Detector (PMT)

Emission filter
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Dichroic mirror Beam expander

Laser
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/
/

Detection volume

Beam path in a confocal LSM. A microscope objective is used to
focus a laser beam onto the specimen, where it excites fluorescence, for
example. The fluorescent radiation is collected by the objective and effi-
ciently directed onto the detector via a dichroic beamsplitter. The interest-
ing wavelength range of the fluorescence spectrum is selected by an emis-
sion filter, which also acts as a barrier blocking the excitation laser line.
The pinhole is arranged in front of the detector, on a plane conjugate to
the focal plane of the objective. Light coming from planes above or below
the focal plane is our of focus when it hits the pinkole, so most of it cannot
pass the pinhole and therefore does not contribute to forming the image.

Focal plane




