4th INTERNATIONAL CONFERENCE
3 "' MEASUREMENT AND IMAGING

MEDZINARODNA KONFERENCIA 3D ZOBRAZOVANIE A MERANIE (4. ro¢nik)

Abstracts

and Presentations
ODOBORARSKA 21, BRATISLAVA Abstrak ty a pr ednds ky

16" - 17" OCTOBER, 2019




ABSTRACTS AND PRESENTATIONS

4" INTERNATIONAL CONFERENCE 3D MEASUREMENT AND IMAGING

Expert Guarantors:

@VYSKUMNE CENTRUM

commer ZILINSKEJ UNIVERZITY V ZILINE
Organized by:

Agentira pre vzdelanie a vedu

Partners:

KVANT*

nnnnnnnnnnnnn

Laser (@) Centre

VISION
SYSTEMS

KVANT GROUP

I TESCAN

PERFORMANCE IN NANOSPACE

16"-17" OCTOBER, 2019

ODOBORARSKA 21, BRATISLAVA

FOR LANDSCAPE

E X PERT



4th International Conference 3D MEASUREMENT AND IMAGING

16t™-17 October 2019 | Odborarska 21, Bratislava

CONTENTS

Session 1

16" October, 2019
(10.15-11.30)

Detekce a sledovani chodct a provozu s pomoci 4D radaru / Detection and monitoring of car and people using 4D radar
Ing. Luka$ Marsik, CAMEA, spol. s r.o. (CZ)

Nova rada Alvium kamier / The New Alvium Camera Series
Mr. Adrian Arndt, Allied Vision Technology (EN)

MozZnosti dynamického mikro-CT v laboratériu / Opportunities for dynamic micro-CT in the laboratory
Vitézslav Ambroz, Tescan Orsay Holding, a.s. (CZ)

Session 2

2
22

43

(11.45-13.30)

Autonémna klasifikacia vozidiel / Autonomous classification of vehicles
Jan Tomanovi¢, EEI s. r. 0. (SK)

ZEISS Riesenie priemyselnej kvality / ZEISS Industrial Quality Solution
Mgr. Marian StraZovsky, Carl Zeiss spol. s r.o. (SK)

Session 3

80

91

(14.30-15.30)

Ako sme postavili najlepSiu 3D kameru na svete / How we have built the world’s best 3D camera

Ing. Jan Zizka , Photoneo s.r.o. (SK)

Postup pri digitalizacii montaznej linky a prepojenie technolégiou 140/Digitalne dvojéa / Procedure for digitizing the assembly line
and interconnection with 140 / Digital Twin technology

Robin Mitana, SIDAT Digital s.r.o. (SK)

Session 4

154

165

(16.00-17.45)

3D zobrazovanie stopového mnoZstva latok pomocou IMS spektrometrie - ako vidiet neviditel'né / 3D imaging of

trace amounts by IMS spectrometry - how to see invisible

Martin Sabo, MaSa TECH, s.r.o. (SK)

Multikamerové a laserové skenovacie systémy pre mapovanie, 3D zameranie skutoc¢ného stavu a inventarizaciu / Multi-camera

and laser scanning systems for mapping, real-time 3D tracking and inventorying
Ing. Marko Pasko, X3D (SK)

190

192

17" October, 2019

Session 5 (9.30-11.00)
I6nova syntéza novych nanostruktir a zlicenin prechodnych kovov / lon-beam synthesis of novel nanostructures and compounds of transient metals 204
Ing. Pavol Noga, PhD. Slovenska technicka univerzita v Bratislave (SK)

Deterministické rozpoznavanie pravouhlého tvaru v realnom c¢ase z tdajov laserového profilometra / Realtime

Deterministic Rectangular Shape Recognition from Laser Profilometer Data 230
Dr. Andrej Mihalik, PhD., FMFI UK (SK)

3D rekonstrukcia a merania v softvéri RealityCapture / 3D reconstruction and measurements in RealityCapture software 247

Ing. Zuzana Duriékovéa PhD., Capturing Reality,s.r.o. (SK)

Session 5

(11.15-13.30)

Objektivy ZEISS Dimension pro primysl/ZEISS Dimension lenses for industry

Michael Prouza , Carl Zeiss spol. s r.o. (CZ)

Detekcia 3D tvaru cestnych vozidiel metédami TOF / Detection of 3D shape of road vehicles by TOF method
RNDr. Milan Drzik, PhD., Medzinarodné laserové centrum (SK)

AMOS - globalna siet’ meteorovych kamier / AMOS - global meteor cameras network

Juraj Téth, FMFI UK (SK)

276

291

311



DETECTION AND MONITORING OF CAR AND PEOPLE USING 4D RADAR

Ing. Lukas§ Marsik?
L CAMEA, spol. sr.0.

Abstract

S posunem radarii smérem k 60GHz jde ruku v ruce i miniaturizace antény a tim i celého reSeni. Radary jsou casto implementovany ve
formé jednocipového veseni s vypocetni silou a malym prikonem, v pripadé nékterych variant navic i s integrovanou anténou. Velkou
vwhodou je pak moznost skryti takovychto senzoru, které vidi pres neprithledné kryty ¢i dokonce zdi, nebo napriklad plastové narazniky
automobilii. Oproti kameram odpada zavislost na svetle a radary jsou taktéz odolnejsi proti nepriznivym povetrnostnim podminkam. Diky
tomu, Ze radarovy senzor primo poskytuje informaci o vzdalenosti, rychlosti a smeru pohybu, Ize jej vhodné pouZit pro vylepSenou detekci,
sledovani i klasifikaci chodcii, cyklistit nebo automobilového provozu.
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CAMEA IMAGE & SIGNAL
PROCESSING

* Founded in 1995 by a group of researchers
 Located in BRNO (CZ), currently ~100 employees
* Focus on industrial and traffic applications

e R&D, manufacturing, selling, servicing, maintenance of
components, systems, custom solution

e Has produced and deployed around the world
hundreds of visual systems with thousands of video
cameras and real-time processing units



CAMEA'S ITS SYSTEMS

* UNICAM platform

e Weigh-In-Motion

e Enforcement Systems
e Traffic Monitoring

* VVehicle Identification
* ITS Technologies



CAMEA'S INDUSTY SYSTEMS

Vi 2
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* Web Inspection
 Bottle Inspection
 Component Inspection
 Laser Beam Deflector

e 3D reconstruction
 Label Inspection

e Automatic identification
of railway carriages

e 50 54 22 - 44 173 - 1
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RADAR IN CAMEA SYSTEMS

* Mobile multi-lane enforcement system
* Spot speed enforcement

e Camera triggering
 Vehicle presence detection
* Vehicle counting (statistics)
 Train speed recording

» Pedestrian/cyclist counting
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4D RADAR

* Range
e FMCW - fast ramps (3D FFT)

e Azimuth
e Rx antenna phased array

 Elevation
e Tx switching or Rx phased array

e Velocity | |
* Doppler - phase difference in time Lidar
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MIMO VS BEAMFORMING

e MIMO (Multiple-Input Multiple-Output)
e Better angular resolution
e Short and medium range applications
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MIMO VS BEAMFORMING

e Beamforming
 Steering/focusing of transmitted beam
 Medium and long range applications
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RADIO BAND

e 60-64GHz frequency band
e Unlicensed in most countries
e Mostly 1-2GHz bandwidth needed
e Can be extended to 57-64GHz (wideband antenna)

e 76-77GHz and 77-81GHz as an alternative

* Needs completely different antenna
e Automotive frequencies

11
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US-RCA

« CAMEA design based on
Radar-on-Chip

* RF PCB with silver plating
e Few manufacturers only
e Design has to be tuned

e Various antenna topologies

* Most of computation done
within the module

12
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US-RCA

e 4Rx antennas
e FOV 110° horiz. (40° vert.)
e Azimuth angle resolution 30°

e 3Tx antennas

e Improve azimuth resolution (15° with MIMO)
 Allow elevation detection (res. 60° with MIMO)
 Alternatively enables beam steering

13



4t International Conference 3D MEASUREMENT AND IMAGING 16th-17th October 2019 | Odborarska 21, Bratislava

CONFIGURATION

e Configuring for target range (max./res.), velocity
(max./res.) and angular resolution

* Limited by memory of platform (radar cube)

e Balancing requirements:
e High max. range - lower range resolution
e High max. velocity — worse angular resolution

14
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TRACKING

* Rich point cloud
 Points are grouped

2D group tracking
e Range + azimuth + Doppler
3D group tracking

e Range + azimuth + Doppler + elevation

15
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TRACKING
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PEOPLE DETECTION

e Configured for:
* Slower speed ~24kph
e Shorter distance ~14m (longer range possible)
e Fine range resolution ~12cm (bandwidth 1229MHz)
 Velocity resolution ~0.4kph
e Good angular resolution (15°)
e Tracking in 2D or 3D
e Up to 20 persons (counting accuracy 93%)
 Measurement rate 20FPS

17
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PEOPLE DETECTIO
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TRAFFIC MONITORING

e Configured for:
 Faster speed ~65kph (can be extended 3x)
e Longer distance ~185m
* Fine range resolution ~80cm (bandwidth 186 MHz)
 Velocity resolution ~Tkph
 Fair angular resolution (30°)
e Tracking in 2D or 3D
e Up to 15 vehicles (counting accuracy 96%)
 Measurement rate 20FPS

19
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CHALLENGES

e Various object detection, tracking and
classification

* Classification of objects based on Al (e.g. CNN)

* Novel applications - altimeter, vital sign detection,
overhead human detection

e Reducing manufacturing costs

20
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THE NEwW ALVIUM CAMERA SERIES

Mr. Adrian Arndt!
! Allied Vision Technology

22



TKH Group

member of the St <

GLLA

The New Alvium Camera Series

The revolutionary camera platform combining industrial
performance and embedded vision.




Contents

Introducing Alvium

One Platform — Two Series

Alvium and Embedded Ecosystems
Alvium Camera Variants

Conclusion

/' Allied Vision



Alvium Camera Series - More freedom than ever before

Based on one revolutionary Allied Vision ASIC:
The Alvium Technology platform

Industrial-grade and single PCB design
Various housings and lens mount options as standard

Support of sensors up to 1.1” and 20MP

Easy software integration by offering:
One driver for all CSI-2 models

A USB3 Vision compliant standard interface

/' Allied Vision



Alvium Technology — The Powerhouse behind the Series

// ONE CHIP, UNLIMITED POSSIBILITIES

ALVIUM Technology supports a large choice of
current and future sensors ensuring all sensors can
be accessed with one shared MIPI CSI-2 driver.

// ENERGY-EFFICIENCY:

ALVIUM Technology allows a power efficient
operation by disabling power consumption for
unused functionalities

// ON-BOARD IMAGE-PREPROCESSING:

With the sophisticated integrate ISP, Alvium can
shift image processing tasks from the board to the
camera, increasing the performance or lowering
system costs.

// FLEXIBLE CAMERA CONTROL

With the standardized interfaces and the provided
drivers, Alvium cameras are easy to integrate and
will save the engineer much time for a faster go-to-
market.

AV nied vision



TKH Group

Introducing Alvium

Powered by ALVIUM Technology

Robust industrial hardware

Efficient power management

On-board image processing (Advanced ISP)
Long-term availability

Alvium 1500 Series — Embedded vision made easy Alvium 1800 Series — Bridging embedded and machine vision




TKH Group

Powered by ALVIUM Technology
Robust industrial hardware
Efficient power management
On-board image correction
Long-term availability

MIPI CSI-2 interface
Video4Linux2 and Direct Register Access control
One driver for all models

Open source Vimba drivers available

3 sensors with up to 5 Megapixel




TKH Group

Introducing Alvium

Powered by ALVIUM Technology
Robust industrial hardware
Efficient power management,
On-board image correction,
Long-term availability

USB3 Vision interface

Additional closed housing variant

Easy integration into embedded and PC-based systems

with free Vimba software suite.

Compatible with GenlCam compliant image processing libraries
Advanced triggering functions

Alvium 1800 Series — Bridging embedded and machine vision




The Embedded Camera Module

Industrial grade camera module

Validated drivers

Highly aligned lens mounts with free
choice of lens

Alvium 1500 Series — Embedded vision made easy

TKH Group

Consumer sensor module

Half-baked reference implementations

Integrated lens




TKH Group

The Embedded Camera Module

Industrial grade camera module Consumer sensor module
Long-term availability Out of production after short time
Full camera control Limited camera control
Full support and documentation Sparse support and documentation

Alvium 1500 Series — Embedded vision made easy




The Embedded Camera Module

Validated drivers
Thoroughly tested drivers and hardware
Full functionality of camera

One driver for all sensars

Alvium 1500 Series — Embedded vision made easy

TKH Group

Half-baked reference implementations

Lack of stability and documentation

Only few functions supported

Different drivers for every module




TKH Group

The Embedded Camera Module

Highly aligned lens mounts with free Integrated lens
choice of lens
Alignment in 6 DOF, accuracy of few microns Limited choice of lens
3 mounts to choose from One type of lens per project (volume)

any standard lens can be used

fit
I

Alvium 1500 Series — Embedded vision made easy




TKH Group

The Crossover Camera Series

Combination of the best of embedded and machine vision

Huge versatility
Many sensors, housings, interface options
Available with USB3 Vision and CSI-2* interface
From single pieces to large volumes s

A machine vision feature set for all
Precise exposure control
Configurable auto features
Advanced triggering functionalities
Simple 1/0 control

Alvium 1800 Series — Bridging embedded and machine vision

* available soon \__?y -




Alvium Ecosystem

Network
partnerships

cooperations

Services
hardware
software .
cert. & testing ‘-_‘
supply chain B
RECESSONIeS fulfillment
cables
Software and lenses
Drivers e

Alvium Camera
Series

£/ Allied Vision



Embedded Ecosystem

Customer Use Case

a | Application
SW Framework
rﬁ Camera API

Rootfs + User libs

Board Support Package

Kernel
EMBEDDED
SOLUTION Image source / Camera

Custom hardware
Carrier board

System on Chip processor

3D Conference| Bratislava| 2019-Oct | 14

e Customers and embedded system designers have to
challenge very complex ecosystems for their solutions

e Other than in the machine vision world, most
components lack standards and established
technologies

e The variety is higher and technology develops faster

* Majority of customers have already specific R&D
capabilities in house

* They will ask the market and search partners to
compensate their lack of knowledge

Within the embedded market the right

Partner Network is key

” Allied Vision
3

6



Alvium Camera Variants

3D Conference| Bratislava| 2019 -Oct | 15 ”A"ied ViSion
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1500 C Variants

// Mono / Color

// Bareboard, Open Housing

// S- (M12-), C-, or CS-mount

3D Conference| Bratislava| 2019-Oct | 16 ”A'lled ViSiOﬂ
3

8



1800 U Variants

// Mono / Color

// Bareboard, Open Housing, Closed Housing

// S- (M12-), C-, or CS-mount

// Standard interface orientation /
90° side orientation

3D Conference| Bratislava| 2019-Oct | 17 ”A'lled ViSiOﬂ
3
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Conclusion

3D Conference| Bratislava| 2019-Oct | 18 ”A'lled ViSiOﬂ
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We believe Embedded Vision should be easy and fast

» The integrated ISP standardizes pre-processing independently of interface and host
architecture

» Our stable and mature drivers and API enable a quick turnaround

» The large model line-up satifies most imaging requirements.

3D Conference| Bratislava| 2019-Oct | 19 ”A"ied ViSion
4
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Thank you!
Discussion

3D Conference| Bratislava| 2019 -Oct | 20 ”A"ied ViSion
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OPPORTUNITIES FOR DYNAMIC MICRO-CT IN THE LABORATORY

Vitézslav Ambroz !; Lars-Oliver Kautschor?
L TESCAN ORSAY HOLDING, a.s. ; 2TESCAN XRE, Ghent, Belgium

Abstract

Time-resolved 3D imaging with X-rays has rapidly emerged as an essential technique to understand materials evolution, facilitating in
situ investigations ranging from mechanical deformation to fluid flow in porous materials and beyond. Imaging of dynamic processes is

one of the key applications at synchrotron facilities, pushing the time resolution more and more down with quite some success. However,
access to those facilities is often limited and operational cost are quite high.

In the laboratory, image quality and spatial resolution have been significantly improved, often at a cost of temporal resolution however.
Recent developments at TESCAN XRE have made it possible to visualize and inspect dynamic process in the laboratory with a temporal
resolution below 10 seconds. In this study we explore the challenges and innovations that have led to this capability.

Dynamic acquisitions however, generate vast amounts of raw projection data, which need to be reconstructed, further post processed and
eventually quantified. It is therefore essential to devise workflow strategies to quickly identify the interesting moments prior to
reconstruction to optimize the amount of data that is generated, but also incorporate the added time dimension in the 3D analysis

workflow to improve image quality. Challenges and possibilities in dynamic micro CT imaging will be demonstrated here across
materials, life science and geomaterial applications.

43



TESCAN micro-CT

A new alternative in
multidimensional X-ray imaging

Lunchtime Lecture
Microscopy Conference 2019, Berlin

7 October, 2019




Micro-CT comes to TESCAN
VEE

Inside Matters NV
Est. 2008

Services and software solutions
for tomography communities.

HENT
university  UGCT

Centre for X-ray
Tomography
(UGCT)

Est. 2006

Ghent University
Center of Excellence

((tXRE

K-RAY ENGINEERING

X-ray Engineering bvba
Est. 2011

Developers of innovative
micro-CT platforms

«XRE

XRENV
Est.2017

A new alternative for
3D X-ray imaging
Dynamic solutions for your lab

TESCAN

PERFORMAMCE IN NANOSPACE

XRE Joins TESCAN
March 2018

V'

45



TESCAN XRE

A new alternative in 3D X-ray imaging

Dynamic solutions for your lab

Mission:

Through a collaborative spirit, facilitating advances

in scientific and industrial research through

innovative and dynamic X-ray imaging technologies.

Compression of metal foam

46



But....before getting too deep into dynamic imaging...

Introduction to Micro-CT

Basic Elements of a micro-CT workflow

47



micro-CT Advantages

U Non-destructive & no Sample Preparation

TESCAN ’
CoreTOM ‘

48



Basics of micro-CT imaging
X-Ray Imaging

. Detector

-~




How does micro-CT work?
Acquisition

Detector

X-Ray source

Reconstruction Visualization
Analysis

.

]1‘ ' i\ / S

Set of 2D 3D Rendering Virtual 2D Cut
Projections

10
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Composite — Wind Turbine

Overview
Length: 40 em
Resolution 68 um

Interfibar pore size
distribution
Total porosity: =1%

0mm

Pore size
distribution

0,5 mm

I4 TESCAN

1 mm

11
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I TESCAN

PERFOAMANCE IN NANQOS oE

12

Applications for micro-CT

Materials Science Life Science Batteries Pharmaceuticals Electronics

o 7 s g e
i o

Geo Science Oil & Gas Building Materials Mining Packaging/Consumer Products

52



Back to the show.....

Dynamic Tomography

Time—Ilapse X-ray imaging informs us of how

materials form, deform and perform

Why isn’t it done more regularly?

* It's hard! (and there are a finite number of PhD students...)

Challenges at every step:

Acquisition
Reconstruction
Visualization
Analysis

Many of the above are challenging enough in 3D!

13

Compression of metal In situ Flow in

foams Sandpack

S

imm

In situ mineralization

53



Aligning Time Scales to Physical Processes

Sintering

Fluid flow / porous media

Creep

Corrosion

Structural Materials

Thermal/Chemical
device runaway

R —

Compression

Ductile Fracture

Brittle Fracture

Laboratory micro-CT

l

_abg

Dynaml_c Syn
yratory micro-C

iTicro-CT

Continuous scanning
@ sufficient resolutions

14
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Timelaps Tomography - Pinecone

15
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Dynamic CT — Continuous Tomography
Example “Metal Foam Compression”

Dynamic

Proces *1_‘;&:;:
@

s ﬁ'..l-'
Scans 3

0 360 720 1080 1440 1800 2160 2520

’ ek -’,'“ "l
Reconstruction - - - - -

56
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18

TESCAN micro-CT Portfolio

.
S s
———
TESCAN CoreTOM TESCAN DynaTOM TESCAN UniTOM XL

57



TESCAN 2019

TESCAN DynaTOM

The world's first dedicated dynamic micro-
CT for your in situ experimental needs.

TESCAN
DynaTOM

TESCAN DynaTOM

19
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TESCAN 2019 20

TESCAN DynaTOM

The world's first dedicated dynamic micro- -
CT for your in situ experimental needs. DynaTOM

Unique gantry-based design

Dedicated to dynamic tomography and time-lapse imaging
Imaging of delicate samples and complex in situ set-ups

Continuous scanning

High throughput (< 10 sec per tomography)

U 0000 0O

Dynamic screening for synchrotron beamtime

TESCAN DynaTOM

59



TESCAN

23

OMierpeqdy system optimized for rock core imaging

Fills gap between medical CT and high-resolution micro-CT

Key User Benefits:

* Multi-scale imaging

» Fast scanning & high sample throughput
 Upto1lm tall cores

* Temporal resolutions <10 seconds

* Enablesin situ experiments

From full size cores up to 1 m in length down
to small microplugs or drill cuttings

TESCAN
CoreTOM

TESCAN CoreTOM

60



n TESCAN

1IN W

TESCAN Distributors Meeting 2019 24

CoreTOM Typical Sample Ranges

TESCAN CoreTOM is a unique multiresolution ...Down to microplugs
micro-CT system designed to perform optimal Resolution down to 3 um
imaging of full cores down to microplugs

From full size cores...
Length:upto1m
Diameter: up to 10 cm

2 inch

i limestone core

6 mm
limestone microplug

61



Multi-scale imaging

1 meter sediment core

@ @

Fast overview ROl scan
70 min. CT scan 1.5hours CT scan
1 mlength 20 cmlength

80 pm resolution 40 pm resolution

ZoomHR scan -
2.5hours CT scan
1.5cm length

@ 10 pm resolution

®

Zoom scan
8hours CT scan
12 cmlength

20 pm resolution

Height

£ P

®

Data analysis

All scans are automatically registered
The complete workflow can be stored
extrapolated and re-used

t |

Sample courtesy:
RCMG, Ghent University

n

Y

Grain size (ED, pm

25
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TESCAN UniTOM XL

TESCAN
UniTOM®

A multi-resolution micro-CT
optimized for high throughput,
diverse sample types and flexibility
for your research.

TESCAN UniTOM XL

63



TESCAN 2019

TESCAN UniTOM XL

TESCAN UniTOM XL enables high-throughput non-destructive 3D imaging

for materials research, failure analysis and quality assurance, including:

o Energy Conversionand o Pharmaceutical
Storage 0 Building Materials

o Consumer Products and o Food Science
Packaging o0 Advanced Packagingin

o0 Aerospace Electronics

o Automotive 0 Metals

o0 Medical Devices

TESCAN
UniTOM ™

28
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Key Features across systems

Continuous imaging

In situ integration option
4D SW tools

Off axis VOI imaging

Flexibility of SW and HW

30
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In situ and dynamic experiments

In situ integration kit

Hardware and software tools to control in

situ experiment

Advanced cable management to safely guide sensor,

power, or fluid cables towards the rotation stage

Serial interface (DB15) on top of the rotation stage

through a slip ring connection enables continuous
rotation

Force (N)

1000

800

600

400

200

Compression

100

150
Time (s)

200

250

66



Software: Acquila XRE 4D Toolkit

| e an dot

ap . il — Zero crossing signal 360 indiees
Tools to facilitate time-lapse T

workflows:

» Acquisition
* Reconstruction

* Visualization
Quickly adjust alignment

O
e L] e B P e L R
- '-i’-"’ - 0 2500 5000 7500 10000 12500 15000 17500 20000
< Y Prejectian
; Ny
PR COR estimetion

Detect sample variations

Synchronize in situ sensor

W0 N0 O 400 W0 W00 WO W0 SO0 OO0 MO 120 1000 100 100 1600
Brogection
4129 |1 ed an st 160
_#@nl i e
Manizal Zera gle-file indiry)
s o Lt ancgle (Bssed on bast manusl)
. v
Acquila
1) Add the pregections ta the st that iples uf 360, The easiest way i o right click on the file in the file Bt and add 2

autnmatically ta the table
) Faght chck on Lable and select Exrapolate

Modular acquisition framework
3D & 4D reconstruction

32
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In collaboration with: ]

NIVERSITEIT
GENT

Limestone Fracture:
Signal-aided recon optimization

In-situ limestone fracture
Diameter: 9 mm

Scan Time: 4.8 minutes
Time/360°: 12 seconds
voxel size: 35 pm

Process

Reconstruction - -
) I 1200 Compression
Reconstruction - -

l 1000

Signal -
I g 600
I [

400

reconsteton I (N

0 50 100 150 200 250
Time (s)

68



I TESCAN

PERFOAMANCE IN NANODSPACE

In situ and dynamic experiments 34

In situ - Continuous acquisition

Process B0~

Scans b B
- .
0 360 720 1080 1440 1800 2160 2520 1 . -

Reconstruction - - - - -
Reconstruction [INNINNRI | [OONN | TONNIRNNN [N

Flexible in reconstruction - Select and/or add reconstructions

69



Volume of Interest Scanning

VOIS featured on a 2-inch carbonate core.

Fully integrated workflow into Acquila and
XRE Reconstructor

On the reconstructed 3D image of an
overview scan of the entire core
(resolution 53 um) interesting regions
were selected.

System automatically moves to these
regions to perform a detailed high-
resolution scan (resolution 6 pum).

Can be automated / scripted with ease in
Acquila.

Detail inside
Resolution 6 pm
2inch Scan time: 2 hours

limestone core
Resolution 53 um
Scan time: 2 hours

35
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Enabling routine in situ time-lapse studies

Hardware:

Optimized CT Design:
Source/Detectors/Geometry

In situ stages
(flow, mechanical, etc.)

In situ interfaces (cabling)
Slip rings

Cable management

Software:

4D acquisition modes

4D reconstruction

4D visualization

Open / Scriptable environment
Stage/sensor coordination
Custom acquisition routines

36
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Setup and Motorization

Multi-scale Imaging
Example: Bicycle front fork
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Force (N)

In situ and dynamic experiments

Application Example - Compression of load-bearing Foam

100

A O @
o O O

N
o

0

3

15

103

Scan number
25 35 45 55

VY

203 303 403 503 603

Time (seconds)

43

65 75

Detail of failure

703 803 903 1003

N
Displacement (mm)

N

o
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Experimental Approach

* DynaTOM - Dynamic laboratory CT
(gantry based, fixed sample)

* Acquisition of complete tomographies on

the order of seconds

. Continuous rotation ~80 full rotations
9 second acquisition time per rotation
~10 min total (17ms exposures)
150 pm voxel full-field acquisition
~44 000 projections (640 x 540 pixels)
28,800° total rotation angle
40 GB raw data

_________
f‘ Ss.
-

~.

~ -
~. -
ROT g

9 seconds for a full 360° acquisition!

Foam collapse study
FOV ~10cm

50
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I TESCAN

PERFOAMANCE IN NANODSPACE

Analysis

Used 31 party SW to quantify 4D recon

volumes with batch analyses, including:

* Filter, set mask, threshold, separation,
label.

Quantification:

* Average equivalent diameter as function
of height in glass

* Maximum equivalent diameter as
function of height in glass

>3 million pores analyzed over all datasets
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TESCAN CoreTOM — Foam Collapse Studies

BPA foam shows
greater stability and
homogeneous bubble
distribution compared to
pilsner.

nnnnnnnnnnnnn

time 0 seconds

Pilsner
L | 25

" Belgium Pgjgie
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Summary

Our goal is to make dynamic CT imaging a commonplace and routine

technique

Our products, the DynaTOM, CoreTOM, and UniTOM XL, have been

engineered with this goal in mind

By coupling hardware, software, and know-how we can enable a new era of

Dynamic CT imaging
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I TESCAN

I TESCAN

PERFORMANCE IN NANOSPACE

Thank you!
Come and visit us in Ghent




AUTONOMOUS CLASSIFICATION OF VEHICLES

Jan Tomanovi¢!
LEEls. . 0.

Abstract

Prezentdcia v uvode vysvetluje principialnu spolocensku otazku: ,,Preco je autonomna klasifikacia druhov cestnych vozidiel doleZitym
technologickym prvkom pre sucasni regulaciu dopravnych tokov ? “. V modernom technologickom svete sa pre tento technologicky prvok
predpoklada riesenie pomocou osvetlenia laserovymi svetelnymi (resp. infracervenymi) impulzami. Cielom je vytvorenie pokial mozno
verneho a spolahlivého obrazu snimanej scény, optimdlne vo forme metricky zameraného pointcloudu, pohybujiceho sa vozidla na
pozadi okolia cesty v lubovolnych externych svetelnych podmienkach. Vzhladom k moznostiam svetového trhu technologii sa ukazuje
vedecka potreba experimentalno-teoretického sStudia optickych 3D profilometrickych metod. Za tymto ucelom bola podrobne testovand
nami Vyvinuta metéda tzv. triangulacnej profilometrie. Realizovany systém vyuziva osvetlenie objektu Strukturovanym laserovym svetlom
a dovoluje s dostatocnou presnostou vyhovujiicou prislusnym normdam meranie rychlosti pohybu vozidiel a sucasne aj profilov karosérie
prostrednictvom metricky definovaného 3D pointcloudu s dostatocnym rozlisenim. Dosiahnuté rozliSenie dokonca umoziiuje urcit pocet
naprav vozidla v styku s vozovkou a identifikovat’ zatazené resp. nezatazené vozidlo. Boli ziskané vysledky, ktoré spolu s vyvinutym
softvérovym zabezpecenim potvrdili optimalnost zvolenej koncepcie.
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AUTONOMNA KLASIFIKACIA VOZIDIEL

Zakladny nastroj funkénosti emisnych a mytnych zén




orarska 21, Bratislava

PRECO MESTA A REGIONY OBMEDZUJU
PRISTUP MOTOROVYCH VOZIDIEL

310.000 predcasnych umrtiv Eurépe
rocne zo znecistenia vzduchu

100 hodin ro¢ne hladania volného
parkovacieho miesta
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EEI

SPOSOBY RIESENIA

* Pesie zony
e Parking manazment

e Emisne zony
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EEI

EMISNE ZONY V EUROPE

== Austria 2 - Germany 83 = Poland 1]
I i Belgium 4 = Greece 1 Ex Portugal 1
== Denmark 5 il Italy 105 = Spain 4
== Finland 1 == Netherlands 2 BER Sweden 8
DR rance 5 = Norway 2 B United Kingdom 15
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EEI

VYMOZITELNOST A FORMA KONTROLY

Autondmna klasifikacia vozidiel

3D model karosérie a identifikacia naprav v styku s vozovkou
Rozdielne pravidla: e cestna premavka
°* emisné zony

° myto

’-. a®.. I"a,a R ,
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EEI

FYZIKALNE PRINCIPY

e Stereoskopia
e Mikroviny
 LIDAR
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EEIl

NOVY FYZIKALNY PRISTUP TLP 701
(Triangular Laser Profilometer)

Vyvinuty v ramci rieSenia projektu ,Vyskum univerzdlnej platformy pre
sken dopravného toku’, ktory je podporovany Ministerstvom Skolstva,
vedy, vyskumu a Sportu SR v ramci poskytnutych stimulov

pre vyskum a vyvoj zo Statneho
rozpoctu v zmysle zakona ¢.185/2009
Z. z. o stimuloch pre vyskum a vyvoj a
o doplneni zakona ¢. 595/2003 Z. z. o
dani z prijmov vV zneni
neskorsich predpisov.
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EEIl

TLP 701 - KLASIFIKACIA VOZIDLA

30 standardnych kateg6érii

volitelné podkategdrie [ St
* napravy v kontakte s vozovkou
e znatka a model vozidla [
e rychlost, rozmery, ECV

* 3D dr6teny model

e prehladova snimka =
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EEIl
HODNOTENIE PRINCIPIALNYCH RIESENI

TLP 701 versus konvencné riesenia

Zdrojové data

INDUKLCIA LIDAR TLP
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EEI
DAKUJEME ZA POZORNOST

Uvedené informacie boli z:

* Projektu ,Vyskum univerzalnej platformy pre sken dopravného toku’
podporovany Ministerstvom skolstva, vedy, vyskumu a Sportu SR.

* Projektu,Urban access regulations’, podporovany Eur6pskou komisiou.




ZEISS INDUSTRIAL QUALITY SOLUTION

Mgr. Marian Strazovsky®
1 Carl Zeiss spol. s r.0.

Abstract

ZEISS zabezpecuje Standardy kvality viade, kde sa vyZzaduje maximdalna presnost.

Pre rychle a presné vyhodnotenie si predstavime opticky bezdotykovy senozor DotScan.

Priemyselnad tomografia je rychla a efektivna pre kontrolu celych dielov, rozmerovej analyzy a vautornej Struktury materidalov.
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ZEISS RIESENIE PRIEMYSELNEJ KVALITY

Marian Strazovsky, Juraj Vagovsky
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ZAKLADATELIA SPOLOCNOSTI
CIELE A POSTOIJE

Spickovy vyskum

Extrémna presnost
a maximalna kvalita

Socialna zodpovednost

= Vytvorenie nadacie

CARL ZEISS

ERNST ABBE

94



4t International Conference 3D MEASUREMENT AND IMAGING 16th-17th October 2019 | Odborarska 21, Bratislava

95



4t International Conference 3D MEASUREMENT AND IMAGING 16th-17th October 2019 | Odborarska 21, Bratislava

CESTA NA MESIAC 5 OBJEKTIVMI ZEISS
PRVA FAREBNA FOTOGRAFIA ZEME Z MESIACA

On 21 December 1968, Apollo 8
became the first manned expedition
to leave the earth’s orbit and travel
toward to the moon.

Thissimage;.“Earthrise”, of a small blue

planet floating in the darknessof...
space, forever changed the world’s
perspective of the fragile, precious
planet we call home.
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SEGMENTY SKUPINY ZEISS
2018/19

Semiconductor Manufacturing Technology

1,531 miliard eur obrat 3 438 zamestnancov

Medical Technology*

1,546 miliard eur obrat 4 889 zamestnancov

Research & Quality Technology

1 ,549 miliard eur obrat

Vision Care / Consumer Optics

1 ,1 06 miliard eur obrat

6 773 zamestnancov

10 544 zamestnancov
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SEMICONDUCTOR TECHNOLOGY
BEYOND TOMORROW

4000

-krat tensi nez ludsky vlas
Su polovodicové Struktury,
ktoré umoznuje najnovsia
opticka litografia ZEISS.
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MICROSCOPY
BEYOND TOMORROW

laureatov Nobelovy ceny
Doveruje mikroskopom ZEISS, aby videli viac.
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RESEARCH & QUALITY TECHNOLOGY
BEYOND TOMORROW

1/100

Ludského vlasu
je presnost meracej techniky ZEISS.
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MEDICAL TECHNOLOGY
BEYOND TOMORROW

15 milionov

operacia Sedého zakalu
sa kazdoroc¢ne uskutocChuje na celom svete
pomocou chirurgickych systémov ZEISS
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VISION CARE
BEYOND TOMORROW

Kazdu sekundu

sa dvaja ludia rozhodnu zakupit
okuliarové soSovky ZEISS.
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CONNECT TO PRODUCTIVITY
100 YEARS IS JUST THE START

EmHHElESﬂ
JENA

-.. . . ;:«: ’ i* Schraublehre

e
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Carl Zeiss Slovakia
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4 preda;
9 servis

office
Meracia a Skoliace centrum
O servisny bod

O

Trnava

6 aplikaCna podpora

1 meracie a Skoliace centrum
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CARL ZEISS SLOVENSKO
MERACIE A SKOLIACE CENTRUM TRNAVA

Akreditované merania N2
\"“-u___-/

’
?’f
\

)

/,

B SNAS

Reg. No. 438/5-321

Meracie a Skoliace centrum v Trnave e St
. . , . . S N

je akreditované laboratorium podfa A
normy ISO IEC 17025:2005.

Svojim rozsahom je jediné na Slovensku.

Zabezpecujeme:

e analyzu meracich stratégii

e pripravu prehladnych a modularnych CNC programov
navrh a vyrobu meracich pripravkov, skolenie personalu

* samotné meranie dielov

* implementaciu projektu priamo u zakaznika
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CARL ZEISS SLOVENSKO
AKTUALNE 405 MERACICH STROJOV

107



4t International Conference 3D MEASUREMENT AND IMAGING 16th-17th October 2019 | Odborarska 21, Bratislava

ZEISS INDUSTRIAL METROLOGY
RIESENIE PRE SIROKU SKALU APLIKACI]

hvelké

LETECTVO

ENERGETIKA

AUTOMOBILOVY PRIEMYSEL ﬁ
" male MIKROELEKTRONIKA &
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ZEISS INDUSTRIAL METROLOGY
SURADNICOVE MERACIE STROJE

Portalové meracie stroje

CONTURA ACCURA MICURA PRISMO XENOS

Meracie stroje do vyroby
CENTERMAX DURAMAX GAGEMAX

Velké suradnicové meracie stroje
MMZ
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ZEISS INDUSTRIAL METROLOGY
OPTICKE A MULTISENZOROVE MERACIE STROJE

Optické a multisenzorove meracie stroje

3D digitalizacia

COMET T-SCAN
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ZEISS INDUSTRIAL METROLOGY
CAR BODY SOLUTIONS

In-line kontrola | JL

rod

At-line kontrola

AlBox AlMax ABIS T-SCAN COMET

Offline meracia technika

CARMET PRO / PRO T advance
EagleEye ABIS T-SCAN COMET
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ZEISS INDUSTRIAL METROLOGY
CAR BODY SOLUTIONS
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Opticky senzor DotScan
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TECHNOLOGIA
MERACI PRINCIP — MERANIE POVRCHU

Spektrometer
Svetelny zdroj ! f
Opticky kabel '
3
EES - .
M At

Opticka hlava

- Mmin Meraci rozsa
b 100mm 3mm 1mm

y

povrch
max

* Polychromatické svetlo je zamerané na povrch objektu
+ Svetlo sa odraza cez multiobjektiv do sveteleného detektora
« Zo spektralnej analyzy sa vypocita vzdialenost medzi objektivom a povrchom

uv-B /f UV-A 1sible light

-0 _ 1T T -~ ’°—
300 380 400 600
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SENZOR BIELEHO SVETLA DOTSCAN
PRIEHLADNE OBJEKTY

- sklo, SoSovky, priehladné plasty...

Source of pictures: ZEISS, Internet (www.woodandmore.de ....)

Meranie povrchu
Meranie hrubky
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SENZOR BIELEHO SVETLA DOTSCAN
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SENZOR BIELEHO SVETLA DOTSCAN
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SENZOR BIELEHO SVETLA DOTSCAN
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SENZOR BIELEHO SVETLA DOTSCAN
MAKKE MATERIALY

- Guma, plast, materialy, ktoré nie je mozné merat
dotykovo

- Ziadna deformaécia

- Moinost merat jemné Struktury

Source of pictures: Internet ( www.motorteile-online.de; www.gummi-formteile.eu )
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SENZOR BIELEHO SVETLA DOTSCAN




4t International Conference 3D MEASUREMENT AND IMAGING 16t-17th October 2019 | Odborarska 21, Bratislava

SENZOR BIELEHO SVETLA DOTSCAN
LESKLE MATERIALY

- VysokoleStené kovy, priame reflexné odrazy

- Zrkadlo, pochrobmované materialy, ktoré nie je
mozné merat’ dotykom ani kamerou

Source of pictures: ZEISS, Internet ( www.welt.de; www.autoschrauber.de )
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SENZOR BIELEHO SVETLA DOTSCAN
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POCITACOVA TOMOGRAFIA CT

X-RAY
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PRIEMYSELNA POCITACOVA TOMOGRAFIA CT
METROLOGICKA TOMOGRAFIA — METROTOMOGRAFIA

X-ray inSpekcia Pocitacova tomografia Metrotomografia

- indpekcia vnutornych ¢asti - inSpekcia vnutornych Casti - indpekcia vnutornych &asti
- nedestruktivne testovanie - nedestruktivne testovanie - nedestruktivne testovanie
- 3D vizualizacia - 3D vizualizacia
- virtualne rezy - virtualne rezy
- analyzy s nizSou geometrickou - meranie rozmerov a tvarov
presnostou - porovnavanie geometrie

- inSpekcia montaznych zostav
- analyza pérovitosti, resp.
inkluzii

- inSpekcia materidlov

- reverzné inZinierstvo
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PRIEMYSELNY CT SYSTEM. ) ,
KONSTRUKCIA A HLAVNE CASTI — REKONSTRUKCIA DAT Z 2D DO 3D

- X-ray detektor
Skenovany

X-ray
trubica

Rotaény stél
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ZEISS Computed Tomography

CT technology
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VOXEL A SUBVOXEL

i

Jeden voxel (3D pixel) je nositelom informdacie o jednej z 65 536 moznych hodndt odtiefiov medzi ¢iernou a
bielou farbou, ¢o je dané absorpciou X-ray li¢ov materialom objektu v danom mieste. Vyssia absorpcia
znamena svetlejsi voxel. Preto je vzduch zobrazeny ako velmi tmavy a material ako svetly.

Matematicky je moZné rozdelit voxel na mensie sub-voxely. RozliSenie mozZe byt teda vylepsené 5 az 10 krat, ¢o

vyrazne zvySuje presnost determinovania realneho povrchu objektu. 127
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X-RAY SYSTEMY ZEISS , ) -
PORTFOLIO ZARIADENI PRE SIROKU OBLAST APLIKACI

LABORATORIA
METROLOGIA, INSPEKCIA & ANALYZY

METROTOM XRADIA

METROLOGIA & INSPEKCIA : ANALYZY S VYSOKYM ROZLISENIM
METROTOM 800 130 kV
METROTOM BOO 225 kV
METROTOM 800 225 kV (HR)
METROTOM 1500

Xradia Context

Xradia 410 Versa

Xradia 510 Versa

¥radia 610 & 620 Versa
Xradia 800 & 810 Versa
Xradia 810 & 825 Synchrotron

VoluMax 400
VoluMax 800 130 kv
VoluMax 800 225 kV
VoluMax 1500

BOSELLO WRE THUNDER
BOSELLO OMNIA
BOSELLO SRE MAX

AUTOMATICKA 3D INSPEKCIA

AUTOMATICKA 2D INSPEKCIA
% METROLOGIA

VOLUMAX BOSELLO

VYROBA
INSPEKCIA & METROLOGIA
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PRIEMYSELNY CT SYSTEM

METROTOM
METROTOM 800/225 kV
X-ray trubica 225 kV /500 W
Detektor 1024 x 1024 pixelov / 200 um
1920 x 1536 pixelov / 127 um (HR)
Meraci objem DxH 170x 150 mm /300 x 390 mm
MPE., 4,0 um + L/100
MPE, 8,0 um + L/100
Max. hmotnost 5 kg
dielu
Rozmery 3300 x 1900 x 2600 mm
Hmotnost 5200 kg
Pohlad Kamera-Monitor
Vysoka presnost Riadenie Integrované

Laboratoérny CT systém pre metrologické aplikacie

METROTOM 800/130 kV
METROTOM 800/225 kV - zakazkové meranie v ZEISS Metrologickom centre v Trnave
METROTOM 1500
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PROCES VYHODNOCOVANIA CT DAT ,
SPRACOVANIE DAT KROK ZA KROKOM — SOFTVERY PRE CT

Metrotom OS Calypso NEO insights
Skenovanie a Metroldgia Analyzy a
rekonStrukcia dat ZEISS metroldgia
ZEISS ZEISS
W
Nacitanie Nacitanie Definovanie  vyrovnanie
referenéného CT skenu povrchu Reverse Englneerlng VGSt’udlo Max . E’lW‘eb‘
del RE a korekcia Analyzy a metroldgia  Statistika a
modaeiu nastrojov Volume Graphics reporting
5N - ZEISS ZEISS
3 _ S e 5

;;-. Y :‘ _ = = -

,} Fa t | e s ‘ r g

- SRS Gy - ESaE

; e | L | t‘- ;

# o'
Analyza Nominal- Rozmerova Reportovanie
porovitosti Actual analyza _ _ o
porovnanie Defect detect!on ?ropktpvo rle,sena aphkaaa

In-line detekcia defektov Specializovany softvér
ZEISS ZEISS
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PRIEMYSELNE APLIKACIE
VYHODY METROTOMOGRAFIE

Analyza defektov

.

&

InSpekcia montaznych zostav

Separiacia

Rozmerova metroldgia

| ) <

Analyza hrubky steny

Reverzné inzZinierstvo
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SPAJANIE A ROZSIROVANIE OBJEMOV y
VERTIKALNE SPAJANIE A HORIZONTALNE ROZSIRENIE

Standardny rozsah detektora

| J
Virtudlne horizontdlne rozsirenie detektora o0 40%

\ 4

Vertikdlne spajanie

Kompletna suciastka
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REDUKCIA ARTEFAKTOV A SEPARACIA OBJEMOV
POKROCILE FUNKCIE

-m ‘

SRC — Scattered Radiation Correction
BHC — Beam Hardening Correction

AMMAR - Advanced Mixed Material Artifact Reduction Automaticke separovanie v METROTOM OS
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ZVYSENIE PRODUKTIVITY ,
SAMOSTATNY PC PRE POST-PROCESSING DAT

Zdielanda databaza

PC pre skenovanie ‘s
arekondtrukciu [ é o

i
-

- Zber dat

- Rekonstrukcia dat

- Spajanie objemov, separacia
- SRC, BHC, AMMAR,...

Offline PC pre
post-processing

- Rekonstrukcia dat

- Spajanie objemov, separacia
- SRC, BHC, AMMAR,...

Vyhodnocovaci PC

- Vyhodnocovanie
- Reporting
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DOPLNKY

Fix Assist Tomo Stage

* Opakovatelné merania pre cely
meraci objem

-
ko d
e
4
-
e
7]

Deviatian [mm]
§

 Specifikacie presnosti v zmysle
VDI/VDE 2630

= SDiseg ~ SDyee +-U
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PRIEMYSELNY CT SYSTEM
VOLUMAX

Vysoka rychlost
Automatizovany InLine / AtLine (OffLine) CT systém

VoluMax 400
VoluMax 800 130 kV .p(;gj
VoluMax 800 225 kV <
VoluMax 1500 e

e Velmi rychle vyhodnotenie v priebehu sekiund

e 100% nedestrukéna kontrola produkcie bez rizika
odoslania zlého dielu

e Kompletna 3D inSpekcia objemu dielu namiesto 2D
projekcii

e Kontrola produkcie bez vplyvu obsluhy s pouzitim
inovativnych softvérov

e Plne automatizovana alebo polo automatizovana cinnost

e Systém navrhovany na konkrétne poziadavky zakaznika a
integrovany do vyrobnych liniek
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PLNE AUTOMATIZOVANY PROCES SKENOVANIA A VYHODNOTENIA
OD VKLADANIA DIELOV DO CT AZ PO REPORTOVANIE

VloZenie dielov do pripravku Automatizované skenovanie Online monitoring, reportovanie a Statistika
a post-processing

8
\ z “I' o

it

e Diely su vloZzené do pripravku, ktory je z materiadlu s nizkou hustotou

® Pripravok s dielmi je manualne alebo automaticky presunuty do CT

e Vsetko ostatné vykond VoluMax

* Na konci vyhodnotenia sa vysledky inSpekcie zobrazia v reportovacom
a Statistickom softvéri PiWeb
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MOZNOSTI INSPEKCIE ,
PRE ODLIATKY Z KOVU, AKO AJ VYLISKY Z PLASTU

h
h

=
o
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™
| ] ] [ ]

gln gfn s0n

Py Oy v W

v
-
v
-
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”
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’
L]
A}
,
L]

Py 0 s =

» <08 o« : ' s
{
¥ | 2 :
- 4 - 4 fil : ' ‘
R L Y ’
Zvysky piesku  Poskodené Jadro formy  Vyrazné . “sa\"
jadro formy na zlom odchylky tvaru = ' 2
mieste voCi odliatku od . i ""
CAD modelu  CAD modelu % ' 2
odliatku odliatku alebo >

aj chybajuce

jadro formy Péry, zrazeniny, Vtraseniny, Klasifikacia
trhliny Ciastocky s vyssou  defektov vo
alebo nizsou vztahu ku CAD
hustotou, modelu
hlinikové triesky obrobeného dielu
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PRIEMYSELNE INSPEKCNE X-RAY (RADIOSKOPICKE) SYSTEMY
BOSELLO

| 205ELLD

HIGH TECHNOLOGY

A ZEISS company

Automobilovy priemysel

AN NI NN Y NN

Bloky motorov
Hlavy valcov
Piesty

Disky kolies
Disky brzd
Ramy

Rozne

Letecky priemysel

v" Lopatky turbin

v Casti motorov

v" Prevodovky

v" Diely z kompozitov
v Rbézne

Zlievarenstvo

v Nadrze

v~ Casti mechanizmov
v Casti spotrebicov
v Rdzne

Vyroba rur

v Kontrola zvarov
v Kontrola zostav
v Tesnenia

v Rdzne
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BOSELLO GENERATORY
POUZITIE NIELEN V ZARIADENIACH BOSELLO

Bosello vyvyja a vyraba vo svojom podniku Siroké portfdlio X-ray
a vysokonapatovych generatorov :

e Mono-block X-ray generatory
 Vysokonapatové generatory pre X-ray trubice

Pouzitie je nielen v zariadeniach Bosello, ale aj v rieseniach OEM
aplikacii v medicine, potravinarskom priemysle, bezpecnosti a pod.

“@e = - N
m j —Rggam ‘
- -
® "

! T [ AT
i -t.___'
o u ’ y -
— Ay

Mono-block X-ray generatory Vysokonapatové generatory pre X-ray trubice
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BOSELLO X-RAY SYSTEMY

SIROKE PORTFOLIO ZARIADENI PRE INSPEKCIU PRODUKCIE

X-ray aplikacie (moZnost CT)

Priemysel, laboratéria, R&D

ADR aplikacie

Velkoobjemova vyroba

SRE HEX
Univerzalne

160 kV / 225 kV zdroj
Manudlne, resp.
automatické
ovladanie
Max. rozmery dielov
500x700 mm, 25 kg
Moznost CT (iba
automatické
ovladanie)

SRE MAX

Univerzdlne
160 kv /220 kV /320
kV / 450 kV zdroj
Automatické ovladanie
Max. rozmery dielov
az do 800x1500 mm,
250 kg
Moznost CT a ADR
FARIS

ACRE 94
InSpekcia piestov
* 160 kV zdroj
* Max. rozmery

piestov

@ 50-170 mm, L
50-200 mm,

6,5 kg
* ADR FARIS

WRE Thunder 3
InSpekcia diskov
160 kV zdroj
Max. rozmer diskov 26“, 50 kg
Kapacita az 145 diskov /

hodina
ADR FARIS

OMNIA
Velkoobjemova inSpekcia
* 160 kV /225 kV zdroj
Rozmery nakladacej palety az
do 1600x1000 mm, 25 kg
* InSpekény objem aZz do

1570x970x480 mm
* Moznost roznej modifikacie
systému nakladania dielov
(manualne, robotické, s
detekciou datamatrix kédov)
* ADR FARIS 142
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BOSELLO SOFTVERY PRE X-RAY
NASTROJE PRE ZBER DAT A VYHODNOCOVANIE

Image Processor BHT Extreme Visual FARIS (Fully Automatic Recognition Inspection System)
Zber a post-processing dat Automaticka detekcia defektov

O
B i a e = b= 0= | =0=1= ] EERES)

DDA (Digital Detector Array) VGStudio Max
Vyhodnocovanie kvality X-ray dat Analyzy a metroldgia
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TYPICKE APLIKACIE -
SIROKE SPEKTRUM APLIKACI

Disky kolies (100%)
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TYPICKE APLIKACIE -
SIROKE SPEKTRUM APLIKACI

Motorové diely

Rozne diely v Automotive
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TYPICKE APLIKACIE -
SIROKE SPEKTRUM APLIKACI

Nosné a zavesné diely
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PRIEMYSELNY CT MIKROSKOP "
XRADIA

Vysoké rozliSenie
Laboratérny CT mikroskop pre vyskumné aplikacie

Je |

Xradia Context
Xradia 410 Versa

-
Xradia 510 Versa , |
Xradia 610 & 620 Versa : _
Xradia 800 & 810 Versa 4 .'):" L
Xradia 810 & 825 Synchrotron

- Detektor

ZEISS optika

Celd vzorka Scintilator

Zdroj W

Of =¥ | J;L
b
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TECHNICKE MOZNOST]
SOFTWARE, AUTOLOADER, RAAD — RESOLUTION AT A DISTANCE

Scout-and-Scan
Zber dat a post-processing

Autoloader
14 stanic pre uchytenie
vzoriek

Dragonfly Pro
Vizualizacia a analyzy

RaaD 4x

Resolution at a Distance 6,5mm D x6,5mm h

FPX Detector 3072 x 1944 pixelov < id Ty
h Y
- «——— RaaD 0,4x

/’ 50 mm D x50 mm h

~— FPX Flat Panel
140 mm D x93 mm h
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TYPICKE APLIKACIE o
SIROKE SPEKTRUM APLIKACI

Polyméry Batérie, palivové ¢lanky Keramika Kom poity Organizmy

Kovy Povlaky Sklo Betdn Horniny
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PRIEMYSELNA POCITACOVA TOMOGRAFIA CT ,
MYVGL — VOLNE DOSTUPNY PREHLIADAC EXPORTOVANYCH CT SKENOV

myVGL

Viewer for Data Processed by Volume Graphics Software

PTB and NIST verified

Z nasledujucich moznosti analyz CT skenov
poskytuje plné moznosti softvér
VGStudio Max a NEO insights

myVGL prezeranie CT skenu v fubovolnych pohladoch
a rezoch, ako aj v transparentnom 3D zobrazeni
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PRIEMYSELNA POCITACOVA TOMOGRAFIA CT ,
MYVGL — VOLNE DOSTUPNY PREHLIADAC EXPORTOVANYCH CT SKENOV

myVGL zdkladné meracie funkcie {vzdialenost myVGL graficka mapa odchylok s pouzitim analyzy
bod-bod, uhol, a pod.) Nominal-Actual porovnania

myVGL analyza hrubky steny myVGL analyza poérovitosti, inkluzii,

prip. prasklin v objeme 51
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X-RAY ZEISS RIESENIA

KOMPLEXNE RIESENIA PRODUKTOV A SLUZIEB

SYSTEMY ‘

2D radioskopia
Pocitacova tomografia CT
CT mikroskopia

ZEISS X-ray Series
Make the Invisible Visible

SLUZBY N

Meracie sluzby Lokalna udrzba
Aplika¢nd podpora Sady nahradnych dielov
On-site Skolenia  Garantovana doba prevadzky

Seminare
elLearning

Carl Zeiss spol. s r.o.
Radlicka 14/3201

150 00 Praha 5 — Smichov
Ceska Republika

SOFTVERY |

Zber dat
Vyhodnocovanie dat
Data Management &

Industry 4.0

) &
APLIKACIE 7
Aditivna vyroba  Plastové diely
Hlinikové odliatky Kompozity
Batérie Multimaterialové
Lopatky turbin  diely
Elektronika Zostavy
Oil & Gas Materidlovy vyskum

Life sciences

DOPLNKY .ﬂ

Carl Zeiss Slovakia, s.r.o.
Racianska 12481/77/A

831 02 Bratislava
Slovenska Republika

Pripravky Retrofit
Montazne stoly Automatizacia

ZEISS Centrum kvality
Botanicka 49

917 08 Trnava
Slovenska Republika
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Seeing beyond

153



HOow WE HAVE BUILT THE WORLD'S BEST 3D CAMERA

Ing. Jan Zizka'
! Photoneo s.r.o.
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World’'s best 3D camera for robotics

e Novel technology - Parallel Structured Light
o  Custom chip - CMOS image sensor IP
o Rolling => Global => Mosaic Shutter

e 10x Higher Resolution & Accuracy
e No Motion Blur, Scanning in rapid motion
e Works Outdoors. Range: 1-10m
e Multiple Devices Simultaneously
e Optimal Light Efficiency
e Rapid Acquisition - up to 60 FPS
e Patented (US, EU, China)
Visionsyszems
VISION Innovators
AWARD Awards

2018

WInnér

PLATINUM
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Computational Image Sensor

« Photoneo developed and patented a novel, ultimate IS for
Computational Photography
It fundamentally changes the way how the image is captured
and thus reveals a novel valuable information.
« Broad applicability:
» 3D Scanning
« HDR video
» Motion Tracking
* Image Deblurring
» Compressive sensing
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Timeline

Projection &
3D Scanner Processing Unit
Development

: 0

2013 2014 2015 2016 2017 2018 2019
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Computational Image Sensor

Rolling Shutter Global Shutter Mosaic/Matrix Shutter
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9 independent cameras in one

Frame (2 Mpx) Sub-Frames o )
1 1] 1
Camera 1
1112 (3 1]]2]]3
4lls|leflalls]ls 1 [

7 (1819 7] 8]|l9 :
.................................................... ; Computational
1112131 ([2]3] - >~ Imaging

: : Algorithm
4 [|51(|61[|4]|5]|6
718197 ]| 8] 9 9 (|9 9
' Camera 9 9 || 9 . Novel_
information
Physical / chi
ysical camera / chip 9 9 )
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Powerful sampling

L (1) vi = 1,(1).Gy(t) dt
modulation ! :
t‘frame_s'tart Interreflection tframe_end functions

IA
G

b 0 sl i s i e e e e

tframe end
accumulated value = / incoming light(t) - modulation signal(t) dt

tframe start
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Basic principle

Ei[E3[EN
[l
L]l

EEE -

Le]Le]
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Physical camera / chip

» Camera?2

Om-
Camera 1 { E‘
o -

)] -
= Camera8
Camera 9 { E“E‘ 3

Computational

Image Sensor

>

Computational
Imaging
Algorithm

!

Novel
information

3D Video

Speed Measurement

HDR Video

Ambient Light Suppression
Photometric Stereo

Depth Edges
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Motion Tracking
Hyperspectral Imaging
Time Gating
Subsurface Scattering
Light Field
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Multiple images in one shot
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Use cases - robot vision

Handling / Picking

CAD based matching
Oriented placing

Industrial robotics
Manufacturing
Automotive

Logistics
E-commerce
Warehouses

Assembly
Inspection

Picking of unknown objects
Pretrained out-of-the-box

Universal

Food industry Depalletization
Logistics & E-com

Mobile robotics

Painting
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PROCEDURE FOR DIGITIZING THE ASSEMBLY LINE
AND INTERCONNECTION WITH 140 / DIGITAL TWIN TECHNOLOGY

Robin Mitana?!
L SIDAT Digital s.r.o.
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PROJECT: DIGITIZATION OF ASSEMBLY
LINE + DIGITAL TWIN

THIS PRESENTATION IS APPROVED BY NIDEC GLOBAL APPLIANCES AND SIDAT DIGITAL.
ALL RIGHTS ARE RESERVED.
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TARGET OF THE PROJECT

INCREASING OF PRODUCTION ON COMPRESSOR ASSEMBLY LINE IN ZLATE MORAVCE (SLOVAKIA) PLANT BY
+15%

EMO? NLS

I it

——

U0 N T
| SUAVARNNY | SV R ‘]
&T5 :
™. em u
- g
-

| EMo2 N2

PRE-ASSY part 1 PRE-ASSY part 2
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HOW TO ACHIEVE IT ?

DIGITIZATION OF PRODUCTION PROCESSES WITH FUTURE AUTOMATED EVALUATION

ALGORITMIC IDENTIFIACTION OF BOTTLENCK(S) WITH STEP BY STEP ELIMINATION OF THEM

Digitalisation

trie £,

How can an autonomous response be achieved?
“Self-optimising”

What will happen?
“Being prepared”

Why is it happening?

“Understanding”

]
2
What is happening?
“Seeing”
Computerisation Connectivity

Figure 5: Stages in the Industrie 4.0 development path (source: FIR e. V. at RWTH Aachen University)
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1 —Project scope
definition (SCOPE)

2 — Functional and
design specification
(FDS)

3 — Project coordination

4 — Adding production
hardware (RFID, PLC)

8 - Create a "digital twin"

(DD) to identify
bottlenecks

7 - Reporting from
historical data "what
happened in the past"

6 - Central data
collection to DATA
concentrator and their
processing

5 - Modifying existing
PLCs with new DBs
designed for data

collection

IMPLEMENTATION STEPS

9 - Creation of
visualization and
monitoring from real
time data - what
happens, will happen

10 - Output debugging

11 — Start of routine
operation, instant
response to problems

12 Identification and
step by step removal of
bottlenecks
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STEP 1 — PROJECT SCOPE
DEFINITION

THE DOCUMENT FOUNDING THE SCOPE OF THE PROJECT - CONTAINS THE FOLLOWING CHAPTERS

«  TARGET(S)

. TYP E 0 F P RO D U CT I O N = Each process will be provided RFID reader (information about RFID
»  CURRENT STATE « Requested nformationwill be catected drecty from pLC

‘ N EW STATE ) ELAHIESQ;;E?IELESJ;TEGEF: ::;;;?jd:fizfgg;:q model, time of pro
] | N F RASTR U CTU R E » COMPRESSOR LABEL is sticker on OP580 with BAR code, model, tim
* ROI

4.5 Reporting (via PC web browsers)

31 h (nha e » Report 1 - OEE per selected period
o Compare with previous period, trends

85 | I » Report 2 — Downtimes per selected period
- o Compare with previous period, trends
b U o Sk e ArTACHMENT 1. PROCTScoP
| ™ - 1. TARGET
“ ‘ + Data collection, monitoring, reporting from the assembly line

+ Deployment Industry 4.0 / Digital twin technology as digital optimization support
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STEP 2 — FUNCTIONAL AND DESIGN

SPECIFICATION (FDS)

FDS, CONTAINS THE FOLLOWING CHAPTERS

* REALISATION TEAM, RESPONSIBILITIES, CONTACTS
» DETAILED TECHNICAL DESCRIPTION OF FUTURE SOLUTION
* RESPONSIBILITY OF CLIENT
* EXPECTED COLABORATION OF CLIENT
* TIME SCHEDULE / PROJECT PLAN
* PROJECT SCOPE AS ATTACHMENT

1. REALISATION TEAM + CONTACTS:

COMPANY NAME
SIDAT Robin Project +421 903 432 robin.mitana@sidatdigial.sk
Mitana coordination 036
SIDAT Zdensk PLC, Data +120739592 | zdenek.sebek@sidat.cz
Sebek acquisition, 009
OEE
SIDAT Milam Digital +421911 446 | milan.loksik@sova.sk
Lokiik manufacturing | 406
leader
SIDAT Duian Digital +421 901900 | dusan.randuska@sova.sk
Randuika manufacturing | 235
expert
NIDEC Frantidek Project +421914 384 | Frantisek.slosiar@mail nidec.com
Slosiar coordination 217

233 Digital twin
Digital twin for processes PRE-ASSY1+2, EMO1+2 will be created. Following functionality of digital
tween will be delivered ...
Creating of digital copy of production process [Digital tween — DT)
» Connection OT with physical line (via OEE 5W)
» DT applications ...

o

[ T w TR o o s v ]

Data collection

Real time process visualization + process rewind

Particular online pallets monitoring @ tracking

Evaluation of processes @ resources

Cycle time monitoring

Evaluation of historical data — OEE, Cycle time (CT)

Implementation of algorithm for down-times and micro down-times identification
Historical evaluation of processes/reasons which caused bottlenecks [+downtimes @
micro downtimes of bottleneck)
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STEP 3 — PROJECT COORDINATION

PROJECT PLAN ONLINE — REGULAR UPDATE FROM BOTH SIDES, REGULAR CONTROL DAYS PLAN
KEY INFORMATION FROM CONTROL DAYS + MONITORING OF BUGS WITH ONLINE UPDATING

FACTORY HOLIDAY
20.8
L COMTROL DAYS SKYPE SKYPE SKYPE ONSITE
03.08.2018 17.08.2018 31.082018 14.06.2018
12:00 12:00 12:00 12:00

AlL DS 100% Canes | 15.08.2008 [ 1

SIDAT DELIVERY OF HW + 5W 100% | 100% | 17.04
SIDAT Data koncentrator assembling 100r%. m 15.04

DIGITAUSATION OF ASSEMBLY UNE  © 99% I 3%

NIDEC List of planned changes on the line 100% oo | 01082019

NIDEC List of processes/PLC 100% 100% 15.07.201%

NIDEC Needed PLC on LAN 100% [ 100%
NIDEC HW integration into ol infrastructure 100%
MIBEC Material preparation for local network  100% 1 | 14.05.2018
MIDEC Order af all HW for lacal network 100 19.08.201%
SIDAT QEE instaliation plus ofg 1p0e
SIDAT LED visualisation 100%
SIDAT Reparns prg ereating 1008
SIDAT Repors testing 100%
SIDAT Ligt of RFID processss 100% m 25.07.2018 Document "Operadia+LT_ful | xlsx”

INITIATED PLARIO RESOLVED WHO COMMENT
J L L LU
B resove B -] a
PLC 30.07.2018 01.09.2018 30.08.2019 NIDEC Solution in progress
In progress 30.07.2018 10.08.2018 SIDAT Corracted
Solved 30.07.2008 10.08.2018 12.08.2018 SIDAT Bad trigger
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ADDING NEW PLC + RFID HW TO THE LINE/PROCESSES WHERE MISSED
NEW DIGITAL OUTPUTS WITH SPECIFIC SIGNALS
CONNECTION TO INDUSTRIAL LAN (PROFINET) — ALL PROCESSES (APPROX. 60)

SIEMENS

SIMATIC
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STEP 5 — MODYFYING OF EXISTING
PLC WITH NEW DATABLOCKS (DB)

START |

Staw 0 nebo 1ang, 2xx

H H . Nizey Diateny ty Papis
Nidec Global Appliance Slovakia s.r.o. (senEne 87
STATUS INT Stav stroje (pozice)
0 — nezndmy nebo nedefinovany stav
1= Eekd na phijerd paletky na vstupni hraditko
A bl D' 't I' t' P H ct 2 — paletka vjifdi pozici, éekd se na zahdjeni operace
ssem Y Igl a Iza |°n rOJe 3 = paletka na pozici, aperace probihd
4 — operace dokondena, fekd s na odjerd paletiy
100 — ddriba
101 - sefizovani
200 = obecnd parucha
PLC l nterface 2w = poruchowé stavy (pokud jsou definovdny]
Stavy >=100 jsou nepovinné a mohou byt implementoviny v zévislost na
maknostech piisuiného stroje.
1D_LEN INT Poiet platmjch bytd v poli 1D
< 4.1. Data block PLC2SIDAS 0 ARRAY [0.19] | Cislo RFID tagu (paletky). Platnd hodnata musi byt poskytovina ve stavu 3 a 4
OF BYTE WVoastatnich stavech musi byt nastavens na pracdny fetérec (stadi nastavit poure
i - R 1D_LEN=0, obsah pole 1D nemass! byt nulovan)
5:‘:[‘;51_"0“ FLEZSIDRS RESULT INT Vysledek operace:
VERSION : 0.1 £= 0K
1 - nespecifikovand chyba (NOK)
2 - prazdnd paleta
sTa 3 = paleta projildi (vyrobek NOK nebo stanice je wypnuta)
STATUS : INT ; ! =3 — individudini chybowé kidy [pokud jsou definoviny
ID_LEN : INT ; l
ID : RARAY [0..19] / Platna hodnota musl byt zapsana do pole RESULT pfed tim, nef dojde k zdpisu
ULT : INT ; ysledek ocperace (0 = CF) hodnaty 4 do pole STATUS
INT ; Citac zpracovanych epezace OF) CNT_OK INT Potitadio zpracovanych kus [vysledek operace DK}
:;ié ;[3] : -';’:;:_Cs:;lr:;:\:::ﬂ:e“ Fasu eparace NOR) CNT_NOK INT FnE.'udII:T zpracovanych lfb'hll [wysledek operace NOK) i i
ABPAY [0 .. 571 OF BYTE : J/Rezerva ART_NO STRIMNG|8] Oznateni artiklu, prdzdny fetdrec pokud neni relevanini [pozice mime 30, 520,
INT ; //FPLC zapisuje 1,0,1.- 140 2)
INT ; // 2IDAS zapisuje kopii FING_IN SPARE ARRAY [0.57] | Rezerva
; B OF BYTE
PIMNG_IN INT PLC zapisuje cyklicky hodnaty 1,0,1,0..
END_DATA_BLOCE PING_OUT INT SIDAS kopiruje hodnotu 2 PING_IN

Eoki na wstupnim
hraditku paletka?

< b paleths na pracovni
pozici? N

Staw 2

Provadéni operace
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STEP 6 — DATA CONCENTRATOR

IMPLEMENTATION OF ,,DATA CONCENTRATOR" FOR PC@PLC DATA ACQUISITION
PROCESSING OF THE DATA VIA INDUSTRIAL SIMATIC S7 IPC AND TRANSFER TO SQL DATABASE
VIRTUAL SERVERS FOR APPLICATIONS (OEE, sQL)

GRAPHICAL WORKSTATION FOR DIGITAL TWIN
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STEP 7 — REPORTS - VIEW TO THE
PAST

SBER DAT | KONFIGURACE STROMU | MERENI | TECHNOLOGIE | MONITORING | REPORTY | OEE | SPRAVA UZIVATELO | ODHLASENI

piihlasen: sidat Mesadlny prehl'ad prestojov pre vybrany stroj
2Zariadenie: [pg) [V Rok: (2019 v | Mesiac:|md v Ulozit parametre [ Zobrazit Vymazal |
14 < 1 of1l D2 b O @© w8 () Find | tos

Report - Mesaény prehlad prestojov pre vybrany stroj
Zariadenie OP90 za méj 2019

MONTHLY OVERVIEW OF
DOWNTIME FOR SELECTED
PROCESS/MACHINE

B e & e e B o OEE - Mesacny prehfad prestojov pre vybrany stroj
0 00|00 o]0 0 g0 |0 0joD|oR 000000 |00 00|00 ]0OD]|OO OEE = Repon dOStUPHOSti Strojov
00 |oo]oe|oo]a0 a0 (00 |oc|oofoo]os|oo[o0]e0]0a|oc|oe]oo 00 OFEE - Deta”ny' report mesacného OEE
P F 7 B B O O A B 0 T 3 2 2 s [ S OEE - Tyzdenny prehfad prestojov pre vybrané stroj
o|oo|oo|oo]|oo|os|oo]|oo]eo|on|oc|oc]oc|oo]|oo|oa]ao]aa|ec|oe]00]00 OEE B Denny' prehrad p[eSleOV pre vybrany' St[Oj
09.05201910:1232 mn
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STEP 7 — REPORTS - VIEW TO THE
PAST

SBER DAT | KONFIGURACE STROMU | MERENI | TECHNOLOGIE | MONITORING | REPORTY | OEE | SPRAVA USIVATELD | ODHLASENI

Prihlasen:  sidal Mesadiny prehlfad dostupnosti pre vwybrany stroj

Zarindenie: ogg ~ jok: (2018 v mMesiac: mdl ¥ | Ciclova dostupnost:s | 30 % uloZif parametre | Jobrazi || ymaza ]

14 < : ey B (] ® 100% L & . =) Fnd | Mt

Report - Mesa&ny prehlad dostupnosti pre vybrany stroj
Zarladenia OPS0 za ma) 219

Wik
0% —
80% —|

T0% —

MONTHLY AVIALABILITY FOR
sov- SELECTED
PROCESS/MACHINE

%=
20%—
™ OEE - Mesacny prehfad prestojov pre vybrany stroj
R E R E R E R E R R EE E E L OEE - Report dostupnosti strojov
OEE - Detailny report mesacného OEE
%“ ? ' 5 ; 5 :5 a ‘ m : ':_ s '; 1; a : £ ? n n N ” n ” " 2: _? ‘ OEE - Tyzdenny prehlad prestojov pre vybrané stroj
¥ ] FH -] 0o 00| B 43 ] 2 | 1| w00 00 | 92 | v 00 | 800 | w0 | W0 00 a0 | 100 00 | 803 | w0 | 100 00 | 800 | 100 0o 00 | w0 OEE _ Den"y- prehrad prestoiov pre wbrany. stroj

09,05 2019 10.17 31 1M
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STEP 7 — REPORTS - VIEW TO THE
PAST

OF30 - Cnodey 1
B

(=} 073
oF3 FIET
oF3 1848
oFa0 0
=} 1282
o2 nn
OFs il
o] F-L]
o0 2018
oFs 1o
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4008 4008
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STEP 7 — REPORTS - VIEW TO THE

PAST

SBER DAT | KONFIGURACE STROMU | MERENI | TECHNOLOGIE | MONITORING | REPORTY | OEE | SPRAVA UZIVATELD | ODHLASENI

Piihlasen:  sidal Report - Tyidenny prehlad prestojoy

Zariadeniei Eup ] Rok:[2019 ¥ Tyiden: [19-06.052019- 13052019 w UloRif parametre Zobrazit [ Vymazat

14 4 . = I o I = L =] P —

Report - Tyzdenny prehlad prestojov pre vybrany stroje
Obeoble: 06.05.2019 - 13.05.2018

100—

s 3Th 32h 32h 32h 32K 32K 32h ITh 320 32k 3Th 32h 226 12h 26 2p 326 2R Kb

]
Typr preatapey
o MaEdennayany prary
S v D 53 Dy
. provom
Lwich s na odpac paietey
4 W Sehooad
o e
W Cryba sibew dat
41h 23 ||
Fal
b Th

_'__1__'_*_'_
_PSC. "D‘ J-‘“JF‘.‘:}GF‘:'!'JS-IDP:ECF‘S:GP‘- o P'.‘:E J?&B FSCJ-‘EI O?&_DFGJCPG&D'\: JI"E
o

MHizor straja

09.05 2019 10:-25.17

DOWNTIME + TYPE, WEEKLY
OVERVIEW

OEE - Mesacny prehfad prestojov pre vybrany stroj
OEE - Report dostupnosti strojov
OEE - Detailny report mesacného OEE

OEE - Tyzdenny prehfad prestojov pre vybrané stroj
OEE - Denny prehfad prestojov pre vybrany stroj
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STEP 8 — CREATE OF DIGITAL TWIN
FOR BOTTLENECKS IDENTIFICAT.

DIGITAL COPY OF REAL PRODUCTION SYSTEM
DIGITAL TWIN BEHAVIOUR AS PHYSICAL PRODUCTION SYSTEM
COLLECTING AND EVALUATION OF REAL TIME DATA OR ALGORITHMICAL EVALUATION OF HISTORICAL DATA

181



| 1

4t International Conference 3D MEASUREMENT AND IMAGING 16th-17th October 2019 | Odborarska 21, Bratislava

STEP 8 — CREATE OF DIGITAL TWIN
FOR BOTTLENECKS IDENTIFICAT.

DIGITAL COPY OF REAL PRODUCTION SYSTEM
DIGITAL TWIN BEHAVIOUR AS PHYSICAL PRODUCTION SYSTEM
COLLECTING AND EVALUATION OF REAL TIME DATA OR ALGORITHMICAL EVALUATION OF HISTORICAL DATA
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STEP 8 — CREATE OF DIGITAL TWIN
FOR BOTTLENECKS IDENTIFICAT.

BB .Models.MU.Pallet:3.Trasovanie

stri stri stri datetime datetime datetime i
i il s s APPROX. 300-400 000
string Rfid palletld |OpName 1 T2 T3
1 [E0040100A9142... 655254 600 2019/03/26 11:51:... |2019/03/26 11:51:30... 2019/03/26 11:51:32.... L|NES PER SH'FT
2 [E0040100A9142... 655254 620 2019/03/26 11:51:... |2019/03/26 11:51:56... [2019/03/26 11:51:56.... 0
3 [E0040100A9142... 655254 640 2019/03/26 11:52:... [2019/03/26 11:52:12... [2019/03/26 11:52:12.... |3

i 2 leansinianiniia lsrrars loea AR iAlnmins co ma MAeAlMAIns <4 mm s (mAdAlAAINs co mmaa

—EEI\J
|
-

]

B

TR T
JE - m— R

4]

——
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STEP 9 — VISIALIZATION — ON-LINE
MONITORING

MONITORING BASED ON THE PLC SIGNAL STATUS - SUITABLE AS THE MAINTENANCE PANEL

SBER DAT | KONFIGURACE STROMU | MERENI | TECHNOLOGIE | MONITORING | REPORTY | OEE | SPRAVA UZIVATELD | ODHLASENI
Piihlasen: sidal Zoznam liniek

Sernam linek

— = =1
0030 - Ceskay sedl W csos20:s tows v prevez o240 [0 05052019 10109 Zeid se ma edjend palasiey opsos [ 9022009 10:08 Lok ma prijums puleniey E
on33 B 05052015 10:0%  Eakh nn pijerd paletir or38e W 05052019 10003 ¥ provors oesz0 | ECYEET R Sefirovini (=
o0 B cvoszome e Pr— opazs W onosz0ue 0008 e — oesas 2 [ cooszoms toies  daks ae prjesd paletior E
oo B om0 00 P o [0 on.05.2019 10:09 Saicd se na adjecd pabethy ara3e ) cromz00% 1008 dekd ma oijend paletiy [Be=i]
oo D 05052015 1000% Cokd ca ra odpad paletioy opas . 08.03.201% 10109 Obecnd porucha 08330_2 . £9.02.201% 10108 Lokd ma pijexd paletiop E
oRez B co.05.2019 1o v provers | e | 0P540 [ 09052019 10:09 ek 32 ms odberd pabetior [(ze=i ]
[ B 05.03.2015 10909 Eaicd sa na odpezd palaticy 0ea30 [0 ©9.03.2015 10108 Eoci sa na ocpazd paktey
oR54 . 09.05.2019 10:09 W proveEs ORSED . D9.05.2019 10:09  Cakd Ap pijesd pabetior E
on3s B csoaz01s 10  pravezs oeare B cs.05.2019 10008 Lol ma phijezd paletiey
) B 0052019 1009 ¥ erovers oesan [ 09052019 10:09  Caki ma oFesd aleticr (=T
oosz B ovoazote oo W provess opasa_z [ oronzos 10w Caks ma prjesd patatey
oem B 05052019 100% ¥ mrovers ges% [ 09052019 10:0% Cekci 22 ne odead paletiey =
onTs 0 om05.20t8 1008 Eakid sa na odgead palaticy oREEa . 0R.03.301% 10:0%  Cakd na pljead paletiy El
oPa0 . 09.05.2019 1v0% ¥ provely 0Pe20 . 09.05.2019 1009 W proven E
CoBo_1 . 09.03.2019% 10=0% W proveas fal=_t ) . 09.03.201% 10:0% W provoas
oRas [ 05052015 10:0  Eeka ma pijend maketiy 0PES0 [0 09052019 10:09 ks se nm ecdpezd sudeticy E
L . 09.03.201% 10:0%  Cokid ma phijerd palstky

RS W oro052019 10 r— or32 . 09.05.2019 10:33 V provozu E
et D R ops2 [0 ©5.05.2019 10:23 Cakd se na odjezd palety =
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COMBINED INPUTS FROM PLC, OEE ALGORITHMS, DIGITAL TWIN ALGORITHMS

NIDEC: PROJEKT 14.0/DIGITALNE DVOJCA

15 NAJHORSICH CYKLOVYCH CASOV

AVGCT60 AVGCT1S

ANALYZA BLOKOVAN( - DIGITALNE DVOJCA

POCLTY ZASTAVINI (POCET)

10 15

ODHAD STRATY VYROBY (KS)

10 20 30 40 50

NAZOV OPERACIHE AVGCTE0 | POCET ZASTAVENI CAS ZASTAVENI (SEC) ODHAD STRATY (KS)
Lisovanie rotora 9347 10 2364
Test funkdnosti 9.56 26 4312

PREDMONTAZ

HODINA
HODINA

. HODINA

HODINA
HODINA

6. HODINA

HODINA

. HODINA

CIEL KS
336
288
288
144
288

OK KS
314
311

PRIEBEH VYROBY

AKTUALNE KS

STATISTIKA VYROBY
PREDMONTAZ KVALITA

SPOLU OK KusQv 1015
SPOLU NOK KUSOV 2

OPRAVA 1
OPRAVA 2

OPRAVA 3

09/05/2019 09:58

PRIEMERNY CT

POCET VYROBENYCH KUSOV

ODHAD STRATY KUSOV

)

FE
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STEP 10 — OUTPUT DEBUGGING
(FAT/SAT)

TIME VERY CONSUMABLE PROJECT STAGE
BUT VERY IMPORTANT FOR CORRECT RESULTS/OUTPUTS
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STEP 11 — START OF ROUTINE
OPERATION, REAL TIME DA

NIDEC: PROJEKT 14.0/DIGITALNE DVOJCA 13/05/2019 12:44

15 NAJHORSICH CYKLOVYCH CASOV PRIEBEH VYROBY

MAINTE
NANCE

SHIFT

_LEADER

1A 1802 180 3 435 470

AVGCTE0 AVGCT15 AKTUALME KS

MANAGER

ANALYZA BLOKOVANI - DIGITALNE DVOJCA, STATISTIKA VYROBY

POLCET ZASTAVENI (POCET)

PREDMONTAZ PREDMONTAZ KVALITA

PRIEMERNY CT

CIELKS OKKS SPOLL OK KUSOV

20  HODINA 336 301 SPOLU NOK KUSOV
ODHAD STRATY 2. HODINA 288 256 POCET VYROBENYCH KUSOV
. HODINA 2 270 OPRAVA 1

. HODINA 128 OPRAVA 2

20 60 80 100 120 140 160 B OPRAVA 3 ODHAD STRATY KUSOV
5. HODINA 281

NAZOV OPERACIE AVGCTED | POCET ZASTAVEMI  CAS ZASTAVENI (SEC) ODHAD STRATY (KS) HODINA - @
Lisovanie rotora 9.702 3 15.1 2

. D
Test funkdnosti 10.032 A4 14477 144 R

QUALITY
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STEP 12-DIGITAL TWIN, BOTTLENCKS
ID., REASONS FOR BLOCKING

NIDEC: PROJEKT 14.0/DIGITALNE DVOJCA 13/05/2019 12:44

15 NAJHORSICH CYKLOVYCH CASOV PRIEBEH VYROBY

Podi na blokovani procesu =

100

AVGCTE0

POCET ZASTAVENI (POCET)

ODHAD STRATY VYROBY [K5)

POCET ZASTAVENT | CAS ZASTAVENI (SEC) ODHAD STRATY (KS)
: 15.1
44 1447.7
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THANK YOU

Radoslav Ondrejmiska, Frantiek Slosiar — NIDEC GLOBAL APPLIANCES Zlaté Moravce
Robin Mitana, Milan Loksik, Zden&k Sebek — SIDAT Digital Bratislava, Slovakia
18.6.2019, Zlaté Moravce, Bratislava, Slovakia
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3D IMAGING OF TRACE AMOUNTS BY IMS SPECTROMETRY - HOW TO SEE INVISIBLE

Dr. Martin Sabo?!
1 MaSaTECH s.r.o.

Abstract

We present a novel method for surface analysis by lon mobility spectrometry. The Advance ion mobility spectrometer (AIMS) operated in
subatmospheric pressure was used in this work. The capillary inlet was used for sample aspiration to reaction region of AIMS. The
sample was desorbed from surface by laser diode module (figure 1a). This technique was successfully tested for detection of explosives
and analysis of isomeric f-blockers (figure 1b).

The positioning stage allow us to scan TLC surface. This allows high resolution surface scanning and analysis of partially overlapped
spots is achievable. The TLC surface can be scanned at different rates, which enables to reach a fast and sensitive analysis by adjusting
the scanning rate. The method was successfully applied to analyze the TLC plates containing explosives, amino acids, nicotine and
diphenylamine mixtures. Combination of TLC with AIMS technique offers additional separation dimension, allowing separation of
overlapping TLC analytes.
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Figure 1

[1] M.Sabo; S.Matejcik, Analyst,2014, 139, 5112
[2] V.llbeigi; M.Sabo, S.Matejcik,m.Tabrizchi; J.Chrom.A., 2016;1459; 145-151

Acknowledgements: This work was supported by Slovak Research and Development Agency project nos. APVV-0733-11 and APVV-
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MULTI-CAMERA AND LASER SCANNING SYSTEMS FOR MAPPING, REAL-TIME 3D
TRACKING AND INVENTORYING

Ing. Marko Pasko?
1X3D
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MULTIKAMEROVE A LASEROVE SKENOVACIE SYSTEMY
pre 3D mapovanie, 3D zameranie skutocného stavu,
Inspekcie a inventarizaciu

Novinky z pohladu autorizovaného distributora 3D mapovacich
technoldgii pre SR a CR:

Expert_for_3D Landscape, spol. s r.o., www.x3d.sk

* Digitalna * Laserové * Hyperspektralne
fotogrametria skenovanie skenovanie

VEXCEL ,ID

IMAGING

194
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MULTIKAMEROVE A LASEROVE SKENOVACIE SYSTEMY
pre 3D mapovanie, 3D zameranie skutocného stavu,
Inspekcie a inventarizaciu

1. Vychodzi stav

Hnacim motorom zavadzania novych 3D technoldgii do zivota je
budovanie 5G sieti. Tie umoznia rychlu vymenu dat, loT, realne
fungovanie SmartCities, BIM a infrastrukturnych IS.

To si ale vyzaduje cielene zbierat, udrziavat a obnovovat presné 3D
data. Buduce ulohy ndm pomoézu riesit len presné a detailné data
najvyssej kvality.

Dve metddy na presny zber 3D dat na Urovni do 1-10mm:
- digitalna fotogrametria (statické aj dynamické)
- terestrické 3D laserové skenovanie (len statické, nie v pohybe)
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MULTIKAMEROVE A LASEROVE SKENOVACIE SYSTEMY

pre 3D mapovanie, 3D zameranie skutocného stavu,
InSpekcie a inventarizaciu

Metody zarucujuce presny zber 3D dat na urovni do 1-10mm:
- digitalna fotogrametria - terestrické 3D laserové skenovanie
(statické aj dynamické) (len statické, nie v pohybe)
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MULTIKAMEROVE A LASEROVE SKENOVACIE SYSTEMY

pre 3D mapovanie, 3D zameranie skutocného stavu,
InSpekcie a inventarizaciu

VEXCEL Multikamerove systémy — distribuujeme ich a
IMAGING realne skusenosti zbierame od roku 2004

1. multikamerova digitalna letecké kamera UltraCamD a syntopicky
princip [1]

11310 Pix

i

17310 Pix

-

F
L
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MULTIKAMEROVE A LASEROVE SKENOVACIE SYSTEMY

pre 3D mapovanie, 3D zameranie skutocného stavu,
InSpekcie a inventarizaciu

VEXCEL

IMAGING

Aktualne portfélio — vsetko multikamerové systémy s vyhodami:
- rychlejsie ukladanie dat

- lepsie rozliSenie
- vzajomne prekryty umoznuju radiometrické vyrovnanie

UltraCam Condor e e UltraCam Osprey
Mark 1 / Mark 3 Premium
&

Your ideal solution for super fast cel-sull Your first choice for

wide-area and high-altitude photogrammetry-grade nadir and

mapping ' ,® oblique image capture.
e UltraCam Eagle — UltraCam Falcon
\ Mark 3 e Mark 2
\& \&
oisiE An ultra-efficient, ultra-fiexible, { i Optimized productivity capturing

ultra-reliant camera for all your

= - - = large areas in a short time at first
v I gl mission nee: ds. I 2 rate image quality.
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MULTIKAMEROVE A LASEROVE SKENOVACIE SYSTEMY
pre 3D mapovanie, 3D zameranie skutocného stavu,
Inspekcie a inventarizaciu

VEXCEL

IMAGING

Aktualne portfdlio — vsetko multikamerové systémy s vyhodami:
- rychlejsie ukladanie dat
- lepsie rozliSenie
- vzajomné prekryty umoznuju radiometrické vyrovnanie
1 : - jednotlivé neskreslené meracské snimky
ORI b P R PN Lk el
=L L L F ISP L ) A

199



4t International Conference 3D MEASUREMENT AND IMAGING 16th-17th October 2019 | Odborarska 21, Bratislava

MULTIKAMEROVE A LASEROVE SKENOVACIE SYSTEMY
pre 3D mapovanie, 3D zameranie skutocného stavu,
Inspekcie a inventarizaciu

7,

Mobilné a letecké laserové skenery su integrovatelné s
multikamerovymi systémami. Sucasné snimkovanie je dolezité
pre neskorsie spresnenie trajektorie pohybu mobilného alebo
leteckého laserového skenera, ktora je inac 100% zavisla od
kvality GNSS/IMU a prijmu signdlu zo satelitov.

IMU je pevne spojena s laserovym skenerom:
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MULTIKAMEROVE A LASEROVE SKENOVACIE SYSTEMY

pre 3D mapovanie, 3D zameranie skutocného stavu,
InSpekcie a inventarizaciu

8

Aktualne portfdlio:
— MLS mobilné laserové skenovanie:

T

S

o " » -
s L QU
VMX-2HA ‘E?‘; '

VMQ-1HA VMX-RAIL

® REEGL
VUX-240

alebo a VUX-240
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MULTIKAMEROVE A LASEROVE SKENOVACIE SYSTEMY

pre 3D mapovanie, 3D zameranie skutocného stavu,
InSpekcie a inventarizaciu

Odporucany softvér na spracovanie nazbieranych 3D dat:
* SW na management, * SW naanalyzu * SW na 3D vizualizaciu

extrakciu a publikovanie mracien bodov  velkych 3D dat
hromadného zberu 3D dat

= orbit ’ euclideon

GEOSPATIAL TECHNOLOGIES

* SW na 3D modelovanie z velkého poctu laserovych skenov a
snimok:
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MULTIKAMEROVE A LASEROVE SKENOVACIE SYSTEMY
pre 3D mapovanie, 3D zameranie skutocného stavu,
Inspekcie a inventarizaciu

Dakujem za pozornost. Viac na www.x3d.sk

EXPERT

LANDSCAPE

VEXCEL RIEGL K@U

IMAGING

‘ euclideon

Pouzita literatura:

[1] The UltraCam Story - Franz Leberl, Michael Gruber, Martin Ponticelli & Alexander
Wiechert (2013 - Submitted to: Commission |, WG 1/2 - LIDAR, SAR and Optical Sensors
for Airborne and Spaceborne Platforms), https://www.vexcel-imaging.com/wp-
content/uploads/2016/05/2012_TheUltraCamStory.pdf
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ION-BEAM SYNTHESIS OF NOVEL NANOSTRUCTURES AND COMPOUNDS OF TRANSIENT
METALS

Pavol Noga ?
L ATRI MTF STU, Bratislava

Abstract

Noble metal nanoparticles such as Ag, Au, Pt and Pd have been subject of increasing attention in recent years due to their unique
physical and chemical properties and prospective applications in different fields such as catalysts, data storage, sensors, optical and
optoelectronic devices. In spite of many benefits, the applicability of single-component metal nanoparticles is restricted by their limited
properties and the properties of heterogeneous bimetallic structures are far more attractive than those of single-component
nanoparticles. The incorporation of a second metal into a nanoparticle structure influences and can potentially enhance the properties of
the material and usually have better technological usefulness. By combining two different metals, three kinds of structures can be
obtained: a mixture of monometallic particles, bimetallic alloys and core-shell structures, all of which possess quite different properties.
Nevertheless, before the bimetallic nanoparticles reach their full application potential, careful control over their synthesis and stability
has to be gained. Since many factors are involved in their formation, it is often not possible to determine a priori which type of particles a
given preparation method will create. We are focusing on Au-Ag nanoparticles in various substrates and their resulting structure in order
to control the process and engineer nanoparticles for particular purposes. Recent results on the synthesis of AUAg@Ag core-shell
nanoparticles in titanium nitride and AuAg solid-solution alloy nanoparticles in monocrystalline silicon by means of sequential ion beam
implantation are reported.
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OUTLINE

* lon beam synthesis

 Equipment

* Novel AuAg@Ag core-shell nanoparticles
 Fe-HDPE nanocomposites

 Au-C bond in HDPE

e Al-Co-Cu quasicrystals in nanolayers
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ION BEAM SYNTHESIS

 Classical ion implantation
e Low fluence (alias,dose”) — up to 10> ions/cm?

e Dopant integrated (,diluted”) in the substrate — no clustering

e High fluen
e 10" at/cr
e Supersat
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o
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0000000
0000000
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0000000
0000000 <« O

implantation process

after implantation
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ION BEAM SYNTHESIS

* Annealing
 Classical in a furnace
* Annealing effect of the ior
e Rapid thermal annealing, fla

chamber

OO0O0O000O0OOOO0  fash

lamps
e Can ¥¥¥¥?¥ézszsré,§, P
quartz/
window wafer 10000
\ 0

preheating 5000
. . . . . SyStem G000
halogen lamps hot plate 4000
2000
S. Prucnal, L. Rebohle, W. Skorupa, Mat. S Proc. #.15.

coee T8 LI ATRI 30 MeV Cu5*ions in AICoCu layer on Si 209
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EQUIPMENT: ION IMPLANTER

Single wafer
chamber

Experimental
implantation
chamber

High voltage
terminal
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ION IMPLANTER END STATIONS

-10°
NEGATIVE
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6 MV TANDEM ION ACCELERATOR
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6 MV TANDEM ION ACCELERATOR

6 MV Tandetron

HV terminal
Stripping system

High-energy ion
implantation
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AuAg@Ag CORE-SHELL

NANOPARTICLES
Sequential implantation of 200 keV Au and 150 keV

Ag

a) Au 0.5x10'ions/cm?and Ag 4.0x10'® ions/cm?

TiN(220)
Ag/Au(200)\
Tm(znu)
ik AoMu(lll]
TiN(111) )

s s s M“""u'ﬂ‘-.&‘"’""

'g'é T RI M. Popovi¢ et Al., Appl. Surf. Sci. 481, (2019) 1418. 14



nce 3D MEASUREMENT AND IMAGING

AuAg@Ag CORE-SHELL
NANOPARTICLES

The case with less Au (0.5x10'% ions/cm?)

Au-Ag solid solution alloy spherical nanoparticles (up to 10 nm in size)

W\N

Mg
E]Au
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AuAg@Ag CORE-SHELL
NANOPARTICLES

The case with more Au (1.0x10'¢ ions/cm?)

AuAg solid solution core and Ag shell spherical nanoparticles 5 nm in

(@) -

[:]Au

Integrated (counts)
o

B P'OSltlon i i

Tr'l'! AT RI M. Popovic et Al., Appl. Surf. Sci. 481, (2019) 1418. 216
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AuAg@Ag CORE-SHELL
NANOPARTICLES

The case with more Au (1.0x10'% ions/cm?)

HRTEM clearly identifies the lattice spacing
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AuAg@Ag CORE-SHELL

NANOPARTICLES
 Why?
* Optics, optoelectronics

» Titanium nitride (the substrate) exhibits intense surface plasmon
resonance peaks when Ag nanoparticles are present

» Different particle size and composition can tune this effect
* More details in:

* M. Popovic et Al., Appl. Surf. Sci. 481, (2019) 1418.
e M. Popovic et Al. Opt. Mater. 72 (2017) 775.
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Fe-HDPE NANOCOMPOSITES

95keV Fe ion implantation into HDPE
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0.5%x10" ions/cm?
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5.0x10" ions/cm?
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Fe-HDPE NANOCOMPOSITES

L 150 nm

S
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cee gﬂTTg -  ATRI D. Kisi¢ et Al., Vacuum, in Press (2019).
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Fe-HDPE NANOCOMPOSITES
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Fe-HDPE NANOCOMPOSITES

 Why?
e Magnetic media, sensors, spintronics

* Magnetic and optical response of polymer-metal nanocomposites
strongly depend on the size and distribution of metallic
nanoparticles

 This study aimed to find correlations between fluence — morphology
— size distribution, and as a consequence, changes in optical and
magnetic response

e More details in:
e D.Kisi¢ et Al, Vacuum (2019) in Press.
e D.Kisi¢ et Al,, Nucl. Instrum. Meth. Phys. Res. B, under review.
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Au-C BOND IN HDPE

Simulations predicted stability and feasibility
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Au-C BOND IN HDPE

Quest for experimental proof

ATR-FTIR spectrum
«10% XPS spectrum
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Au-C BOND IN HDPE

 Why?
e Organometallic compounds

» We study at the very basic level - if such a bond will persist and how?

» Possible applications in bioactivity, molecular magnetism, catalysis
tuning conductivity, non-linear optics, ferroelectrics, sensors

* So the quest continues!
e More details in:

e A.Antusek et Al,, Phys.Chem Chem. Phys. 19 (2017) 22897.
e A.Winter and U. S. Schubert, Chem. Soc. Rev. 16 (2016) 5311.
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Al-Co-Cu QUASICRYSTALS IN
NANOLAYERS

 Procedure

1. Deposition of Al-Co-Al-Cu

alternating layers
(stack of 26) 1 um thick

4
Cu Co
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Al-Co-Cu QUASICRYSTALS IN

NANOLAYERS
 Why?
* Quasicrystals exhibit interesting surface properties

» But are usually brittle and of poor strength. A thin functional layer of
the quasicrystalline phase has applications in catalysis or bio-active
materials, wear resistant and thermal coatings etc.

* More details in:
e J.M. Dubois, Chem. Soc. Rev. 41 (2012) 6760.
* D. Rouxel, P. Pigeat, Prog. Surf. Sci. 81 (2006) 488.
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REAL-TIME DETERMINISTIC RECTANGULAR SHAPE RECOGNITION FROM LASER
PROFILOMETER DATA

Dr. Andrej Mihalik, PhD !
L FMFI UK, Bratislava

Abstract
We present a new method for recognition of a rectangular shapes scanned by the laser profilometer.
We consider a problem of recognizing a particular 3D rectangular identifier with specific profile.

Such identifiers are meant to provide the information for the robotic systems about the position on the digital road or the state of the
system. Identifiers placed in the particular positions are scanned by the profilometer sensor moving over the identifier in arbitrary
horizontal direction and thus the 3D profile is obtained.

Profilometer produces laser beam that is projected onto surface as a single scan line. Scan line is captured by the profilometer sensor
and 3D profile needs to be reconstructed from the set of scan lines.

We have encountered multiple problems associated with profile reconstruction. Such problems occurred by the rotational movements,
scanner oscillation or non-perpendicular laser projection.

We have designed shapes of the identifiers profile to clearly distinguish the particular identifiers. Subsequently we have devised a robust
and efficient algorithm for the recognition of these identifiers in real time.
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DETERMINISTICKE ROZPOZNAVANIE
PRAVOUHLEHO TVARU V REALNOM
CASE Z UDAJOV LASEROVEHO
PROFILOMETRA

Dr. Andrej Mihalik, Prof. Branislav Sitar, DrSc.,
Prof. Roman Durikovi¢, Dr. Pavel Petrovié, Dr. Michal Meres,
Ing. Peter Varga, Dr. Lubomir Mach

FMFI, Univerzita Komenského, Bratislava




Autondmny Transportny

Systém (ATS)

ATS funguje na originalnej patentovanej technologii
interakcie inteligentného vozidla s inteligentnou
vozovkou

Patentovana technologia ATS je prisposobena
schopnostiam pocitacov, ktoré riadia AGY, je
,computer friendly“

ATS je 10x presnejsie, 10x rychlejSie, 10x lacnejsSie

gelakény ¢as navigacného systému ATS je menej ako
IS

Schopnost vyriesit akukolvek dopravnu situaciu,
krizovatky, parkovanie

Nizka cena navigacného systému ATS
Nizka cena infrastruktury ATS

icar|

iRoad

ATS

iHub
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Presenter
Presentation Notes
Projekt je zamerany na riadenie autonomnych vozidiel po inteligentnej vozovke.
System je rozdeleny na 3 vrstvy.
Ulohou prvej vrstvy je urcit presnu poziciu vozidla na vozovke.
V dalsej vrstve komunikuju vozidla medzi sebou.
Tretia vrstva zahrna centralne riadenie dopravy v tomto uzavretom systeme.
V prezentacii sa budeme zaoberat prvou vrstvou, t.j. urcovanie pozicie pomocou znacie z pravouhlych tvarov
Dolezite je aby system urcovania polohy bol vypoctovo nenarocny a trval co najmenej


Technické vybavenie

m Laserovym profilometer

'— Vyslany laserovy luc
(

Odrazeny laserovy
luc zachyteny
kamerou

q °
o !
) -
m 30 -0 “0 L] 10 x i

X iy

Vysledny laserovy profil
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Presentation Notes
Laserovy profilometer sluzi na bezkontaktné meranie profilov. Prístroj vyšle laserové lúce smerom k profilu, od ktorého sa lúce odrazia. Odrazené
lúce zachytí kamera a na základe ich vlastností dokáže charakterizovat povrch,
od ktorého sa lúce odrazili. 
V pravej casti je ukazka nasnimaneho profilu. Je to mracno bodov, ktore tvori profil vozovky (vzorky bodov na skenovacej ciare). Body sú dané pozíciou X a Z. Y súradnicu nepoznáme. Tá závisí od rýchlosti auta.



Laserovym profilometer

Vzdialenost
priestoru

Blizke zorné
pole

Rozsah
merania

Daleké zorné
pole
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Presenter
Presentation Notes
Pouzivali sme zariadenie Gokator od firmy LMI Technologies. Sirka skenovacej ciary vsak nepresahovala 20cm pri danej vyske. Vyska drziaku je obmedzena.  Firma kvant vyvinula zariadenie  so sirkov skenovacej ciary cez 40cm. Avsak rozlisenie hlavne pri koncoch skenovacej ciary je nizsie, co znamena ze hustota vzorkovania bodov na vstupe algoritmu  je nizsia.


Dizajn znaciek

— R
/.

Wi\

Séria 10 znaciek
pravouhlého
tvaru

4
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5

Podorys Bokorys



Presenter
Presentation Notes
Pre úcely navigácie vozidla je vytvorená séria 3D
vodiacich znaciek pravouhlého tvaru, ktoré tvoria zdroj informácií o charaktere vozovky. Tvar znaciek
je prispôsobený tak, aby ich bolo možné skenovat a rozpoznávat co najjednoduchšie
a najrýchlešie. Znacka je obdlžnikového tvaru s velkostou 2 cm  4 cm. Je tvorená
podstavou s výškou 2 mm, na ktorej sa nachádza konkrétny tvar znacky s výškou
1 mm.Tvar znacky predstavujú dva trojuholníky, ktoré vyplnajú plochu
znacky. Trojuholniky umoznuju identifikovat stred znacky len z troch rezov. Rôznym zoradením a otocením týchto trojuholníkov získavame sériu 10 znaciek
oznacených císlami od 0 po 9.Každá zo znaciek je jednoznacne rozlíšitelná
od ostatných bez ohladu na otocenie samotnej znacky v priestore. Preco ma znacka profil a nie je len nakreslena na vozovke? Koli poveternostným podmienkam ako dazd alebo prach.



Vizualizacia nasnimanych dat

§§

Vizualizacia znacky pri jazde rovno Deformacia znacky v zakrute



Presenter
Presentation Notes
Po ziskani profilu zo skenera bolo pre dalsi postup potrebne ziskane data vizualizovat aby sme pochopili ake vplyvy maju rozne pohyby auta na deformaciu vstupu. Na prvom obrazku je vizualizácia značky pri jazde rovno. Body sú v obrázku zakreslené pomocou odtienov modrej farby, tzv vyskova mapa. Odtien je urceny na zaklade Z-ovej suradnice bodu, kde svetlejsia farba predstavuje vacsiu vysku bodu. Pretiahnutie znacky je sposobene nerovnomernou rychlostou. Vlny na obrazku su sposobene naklananim auta v pred a vzad pocas jazdy.
Na druhom obrazku sa nachadza vizualizacia nasnimanej znacky v zakrute. Vplyvom zakruty je znacka skosena.
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Rozpoznavanie znaciek

e Prvym krokom je najst v mracne bodov znacku, ktort budeme
nasledne rozpoznavat. Najdeme vyskovy skok pripominajuci
hranu znacky.

A Z

Priklad jednej skenovacej Ciary
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Presenter
Presentation Notes
Profilometer skenuje vozovku po skenovacich ciarach, vystupom je mnozstvo skenovacich ciar, ktore charaktrizuju povrch. 
Prvým krokom algoritmu je nájst v mracne bodov schody a vyselektovat
jej hrany. Na skenovacích ciarach nájdeme miesta, kde sa mení výška resp. hladáme
výškový skok, ktorý pripomína hranu znacky.
Nasledne boli vytvorene dva algoritmy pre rozpoznavanie.



Nabeh na znacku
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Rozpoznavanie znacCiek

e Algoritmus s vyuzitim bitmap

e Data sa zapisu do vzorovej mriezky a
porovnaju sa So vzorovymi bitmapami
10-tich znaciek

e Algoritmus nie je odolny vocCi deformaciam
znacky. Zvinenie a pretiahnutie znacky
sposobi chybné vyplnenie mriezky.
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Vyplnena bitmapova mriezka
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Presenter
Presentation Notes
Prvym sposobom je rozpoznávanie identifikátorov pomocou bitmapy, ktory pracuje s mriežkovými štruktúrami.
Dáta získané s profilometra zapíše do bitmapovej mriežky 10x20 bodov, ktorú následne
porovnáva so vzorovými bitmapami 10-tich znaciek. Zo vzorových znaciek sa vyberie
ten, ktorý má v porovnaní s naskenovanou bitmapou najmenšiu chybu. ID tejto
nájdenej znacky je výstupom algoritmu rozpoznávania. Na obrazku je priklad vyplnenej mriezky cisla 20 znarornuju plochu vo vyske 2mm, cisla 30 znazornuju body bo vyske 3mm a cisla 25 su prechody(hrany) medzi plochami vo vyske 2mm a 3mm



Rozpoznavanie znacCiek

o Algoritmus s vyuzitim hran
e Algoritmus vyuziva iba vonkajSie okraje znacky.

2-23|3-23
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Presenter
Presentation Notes
Algoritmus s vyuzitin bitmap nie je dostatocne odolny voci deformaciam sposobenym pri skenovani. Preto bol vytvoreny alternativny algoritmus, ktory minalizuje chyby v rozpoznavani sposobene deformaciami.
Algoritmus využíva iba vonkajšie okraje znacky. Body vnútorných uhlopriecok nie sú potrebné, pretože z okrajových hrán vieme priamo jednoznacne urcit typ znacky.
Zoberme do úvahy iba okrajové hrany
znacky a oznacme si ich císlami 2 a 3 podla toho, ci daná hrana tvorí prechod 0 mm
na 2 mm alebo 0 mm na 3 mm. Císla hrán spolu tvoria postupnost císel, ktorá je pre
každú znacku unikátna. Postupnost je vytvorená výberom císel hrán v smere
hodinových ruciciek. Kód je rozdelený na dve casti. Prvá je zápisom hornej a pravej
hrany a druhá spodnej a lavej hrany. Algoritmus je robustny voci deformaciam a sumu. 



Problémy hranového
algoritmu

Profilometer

zachytava bocné
“rovno” ziadna steny znacky co

skenovacia Ciara nepretne , ] SPOSObEJJe, z€e N
hornd a dolnU hranu niektoré hrany mozu

byt nespravne
M B ol vyhodnotené.

13
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Vysledky

N O B O O O = O O = W N
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Presentation Notes
points - celkový počet rozpoznaných bodov na značke
dir - signál vyslaný riadeniu vozidla – no = bez zmeny – kladná hodnota = odboč vpravo – záporná hodnota = odboč vľavo
tilt - sklon značky tan(x)
c_x - umiestnenie značky z pohľadu senzora – 0 = stred – kladná hodnota = pravá strana – záporná hodnota = ľavá strana
or - orientácia značky 1 (dopredu) a 2 (dozadu)
time[s] - čas rozpoznávania
lines - počet skenovacích čiar pretínajúcich značku
points - celkový počet rozpoznaných bodov na značke ziskane vzorkovanim bodou na skenovacej ciare



Dakujem za pozornost




Porovnanie LIDAR a ATS

ATS ,i-cars on i-roads” LIDAR technolégia so
technologia superpocitacom

m cena~ 10 000 EUR m cena~ 100 000 - 200 000 EUR
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Technické vybavenie

m RC model auta ( mierka 1:10 ) s pripevnenym laserovym
profilometrom



Presenter
Presentation Notes
Pri vyvoji sa na testovanie používa RC model auta riadeneho pocitacom s
mierkou 1:10. Ide o model vozidla s maximálnou rýchlostou 25
km/h. Komunikaciu servomotora s pocitacom zabezpecuje mikrokontroler Arduino.

Pre ucely testovania bola vytvorena testovacia draha. Pozostava z kružnice
s priemerom 3 m a oválu so sirkou 5m. Na testovanie priameho pohybu sme používali
rovnú 8 m dráhu. Znacky sú umiestnované každých 25 cm.



3D RECONSTRUCTION AND MEASUREMENTS IN REALITYCAPTURE SOFTWARE

Ing. Zuzana Duri¢kova PhD. !
! Capturing Reality,s.r.o.

Abstract

RealityCapture je fotogrametricky softvér, ktory je momentdlne lidrom na svetovom trhu. Umoznuje kombinovat fotografie a laserové
skeny automaticky v jednom kroku, a vytvdrat tak fotorealistické a geometricky presné 3D modely. Inteligentny ,, out-0f-core* algoritmus
je optimalizovany tak, aby bolo mozné spracovavat obrovské mnozstvo dat bez naroku na operacnu pamdt. Vdaka tomu je mozné
wytvarat' 3D vystupy niekolko nasobne rychlejsie ako v konkurencnych softvéroch pri relativne nizkom naroku na hardvérové vybavenie.
Vysledna presnost samotného 3D vystupu zavisi od kvality a presnosti vstupnych dat, vdaka comu uzivatel’ dokaze dosiahnut milimetrovi

presnost bez ohladu na velkost skenovaného objektu alebo vizemia.
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3D REKONSTRUKCIA A MERANIA
V SOFTVERI REALITYCAPTURE

Ing. Zuzana Duri¢kova, PhD.
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e Na zaciatku 3 vedci s viziou a mnozstvom
skusenosti

e Spolo¢nost zalozena v roku 2013
 VVyvoj fotogrametrického softvéru RealityCapture
* Prvy oficidlny release — februar 2016
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» fotogrametricky softvér RealityCapture, ktory
umoznuje vytvarat 3D modely z 2D fotografii a
laser skenov

e Pozemna fotografia

 UAV

 Video

 Terestridlny laserovy skener
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3D model

2D fotografie
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e Registracie fotiek a laser skenov v jednom kroku
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e Registracie fotiek a laser skenov v jednom kroku
* Najrychlejsi na trhu
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1. 2. SOFT SOFT SOFT

*Interné testovanie spracovania fotiek, rovnaky HW a nastavenia
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e Registracie fotiek a laser skenov v jednom kroku
* Najrychlejsi na trhu

* Nizke naroky na HW (out-of-core algoritmus)
e Odporucanych 16GB RAM
* NVIDIA, CUDA 2.0+
e Laptop priamo na mieste
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Laptop:
« 16 GBRAM

e |ntel Corei7
* NVIDIA GeForce GTX 1060

Spracovanie:
* 300 fotiek

e Pozicie kamier - 8 min

* Rekonstrukcia (normal) — 23 min
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 Neobmedzené rozlisenie
 Neobmedzeny pocet fotiek
 Neobmedzeny detail
 Neobmedzena mierka
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Vexcel UltraCam, Graz (Rakusko)
1350 fotiek, 80 Mpx — 120 Mpx,
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DSém sv. Alzbety
111000 fotiek, pévodny model 6 bilionov trojuholnikov
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Viac ako 200 fotografii, 6 milionov trojuholnikov
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Credit: creative crops 264
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Fotky snimané elektronovym mikroskopom
Velkost objektu 3.5 mm

Credit: lan Donelly 265
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Fotky snimané elektronovym mikroskopom
Velkost objektu 3.5 mm

Credit: lan Donelly 266
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 Vytvorenie 3D texturovaného modelu
 Vytvaranie lubovolnych ortoprojekcii a map
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 Vytvorenie 3D texturovaného modelu
 Vytvaranie lubovolnych ortoprojekcii a map
» Skalovanie modelov

e Georeferencovanie scén a kombinacia suradnicovych
systémov

e Meranie vzdialenosti, povrchov a objemov
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Povrch a objem
vypocitany automaticky
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 Vytvorenie 3D texturovaného modelu
 Vytvaranie lubovolnych ortoprojekcii a map
» Skalovanie modelov

e Georeferencovanie scén a kombinacia suradnicovych
systémov

e Meranie vzdialenosti, povrchov a objemov

Reportovaci systém (Coskoro na cloude)
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Selected Component Report

Project: aligned_mesh_ortho

Component name

Count of registered images
Points’ count

Count of used control points
Count of used constraints

Number of models

Alignment report

Total projections

Average track length

Maximal reprojection error [pixels]
Median reprojection error [pixels]
Mean reprojection error [pixels]
Geo-referenced

Metric

Alignment time

Fri, Oct 11, 2019 14:00:11
RealityCapture 1.0.3.9303 RC

High_align_GCP
291 / 294
246890
11

0

083140
2.8
2.00
0.80
0.84
True
True

00h:00m:58s
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Selected Component Report

Project: als

Component name
Count of registered
Points’ count
Count of used cont
Count of used cons{

Number of models

Alignment rej

Total projections
Average track lengt
Maximal reprojectig
Median reprojectio
Mean reprojection
Geo-referenced
Metric

Alignment time

Control Points

Name Type

1 Ground control

2 | Ground control

3 Ground control

4 Ground control

5 | Ground control

6 Ground control

7 Ground control

Weight

Coordinate system

epsg:3016 - SWEREFS9 20 15

epsg:3016 - SWEREFS9 20 15

epsg:3016 - SWEREF99 20 15

epsg:3016 - SWEREFS9 20 15

epsg:3016 - SWEREFS9 20 15

epsg:3016 - SWEREF99 2015

epsg:3016 - SWEREF99 20 15

Imported coordinates  Actual position | # Images

w 140462.583 m
y: T06B675.307 m
= 103157 m
w 140596.592 m
v: TOGB701.132 m
z9192Tm
w 140717.801 m
y: 7068761112 m
z 8321 m
w 140428317 m
y: TOGBTTR.57T1I m
z 108,505 m
w 140555.647 m
y: 7068818101 m
z 85192 m
w 140680.792 m
y: TO6BB57.9623 m
84963 m
w 140483575 m
y: TO6BBETA1T m

x 140462.589 m
y: T068675.297 m
z 103165 m
e 140596.578 m
y: 7068701136 m
= 91928 m
w 140717.795 m
y: 7068761104 m
=83212m
w 140428.320 m
y: 7068776574 m
z 108503 m
s 140555.653 m
y: 7068818111 m
z 85172 m
w 140680.800 m
y: T068857.973 m
= 84967 m
x 140483.586 m
y: TO6B8E7.409 m

12

22

19

16

20

22

15

Total deviation
(Error X: Error Y: Error 7)
[m]

0.014 (0.00¢; -0.010; 0.008)

0.015 (-0.014; 0.004; 0.001)

0.010 (-0.006; -0.008: 0.001)

0.005 (0.003; 0.003; -0.002)

0.023 (0.00&; 0.010; -0.020)

0.013 (0.008: 0.010: 0.004)

0.015 (-0.009; -0.002: 0.012)

Maximal
projection
error

[pixels]

372

1.98

3.69

2.39

1.63
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e REPORTOVACI SYSTEM

Selected Component Report

Project: al

Control Points

Name Type Weigh
Component name
Count of registered 1 | Ground control 10
Points’ count
Count of used cont
Count of used mns] 2 Ground control 10
Number of models
3 Ground control 10
Alignment rej
Total projections 4 Ground control | 10
Average track leng
Maximal reproj
reprel 5  Ground control | 10
Median reprojectio
Mean reprojection {
Geo-referenced 6 Ground control | 10
Metric
Alignment time 7 Ground control 10

Frequency (Count)

T T
1 1.28

Reprojection error [pixels]
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ZEISS DIMENSION LENSES FOR INDUSTRY

Michael Prouzal
1 Carl Zeiss spol. s r.0.

Abstract

V této prezentaci si predstavime nové objektivy ZEISS Dimension. Podivame se na to jak zasadni a casto opomijenou roli hraji objektivy v

celych systémech a jaky je jejich viiv na celkovou presnost a spolehllivost. Rekneme si jak ZEISS reagoval na aktudlni naroky a trendy v
této kategorii a predstavime nékolik unikdatnich viastnosti této nové rady objektivil.
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ZEISS DIMENSION

Objektivy ZEISS Dimension pro pramysl

3
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ZEISS DIMENSION

Preciznost pro vyssi efektivitu

279




4t International Conference 3D MEASUREMENT AND IMAGING 16t-17th October 2019 | Odborarska 21, Bratislava

ZEISS DIMENSION

Zcela nova fada objektivu pro prumysl

e C-mount

Senzory az 4/3”, Line scan az 21,6mm
Excelentni optika

Robustni kostrukce

Kompaktnost

2,8/8, 2/12,18,25,35,50
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ZEISS DIMENSION

Patentovany systém korekce vzdalenosti od snimace

Kompenzace nepresnosti
Kompenzace teplot

Snimacoveé filtry

+ 0.2 mm
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ZEISS DIMENSION

Volna rotace po upevneni

360° rotace

Idealni poloha pro line scan

~ 7

SnazSi servis a ovladani
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ZEISS DIMENSION

Integrovane zubeni

Clona i ostreni

Moznost pfidani servo motoru
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ZEISS DIMENSION

Specialni verze antireflexnich vrstev T*

Prenosy 400-1200 nm

Umoznuje aplikace v NIR

Inspekce solarnich paneld
food/waste processing
Rozpoznavani chemikalii

A mnoho dalSiho...

Spectral transmission ZEISS Dimension 2/25mm

90%

80% F/\,

T70%

60%

50%
40%
20%

10%

0%

400 500 600 700 800 900 1000 1100 1200

wavelenght [nm]
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ZEISS DIMENSION

Robustni a prémioveé zpracovani

Spolehlivost
Pracovni rozsah -20 az +50
Naraz az 100g/s

Vibrace 1,69 pfi 20-500Hz
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ZEISS DIMENSION

Nerotujici predni filtry

Polarizacni filtry

Presuniti vSech markert
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ZEISS DIMENSION

Nekompromisni obrazovy vykon

RozliSeni
VysSSi efektivita

MensSi tolerance
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Nekompromisni obrazovy vykon

Homogenita
Staly vykon az ke krajum

Jiz od minimalnich clon




ZEISS DIMENSION

Nekompromisni obrazovy vykon

Zkresleni

Nizké zkresleni
Do 2%

Minimalni odchylky
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ZEISS DIMENSION

Michael Prouza
ZEISS camera lenses expert
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DETECTION OF 3D SHAPE OF ROAD VEHICLES BY TOF METHOD

RNDr. Milan Drzik, PhD.}
1 Medzinarodné laserové centrum

Abstract

Metodu time-of-flight (TOF) s vyuZitim osvetlenia pohybujiiceho sa cestného objektu pomocou impulzného laserového zdroja mozno
aplikovat nielen na meranie rychlosti objektu, ale aj na urcenie jeho trojrozmerného tvaru. Prezentdcia sa zaobera analyzou zakladnych
predpokladov pre moznu aplikaciu takychto merani na identifikdaciu druhu cestného vozidla.

V prispevku sa rozoberaju problémy spojené s ohraniceniami detekcie odrazenych optickych signalov na informativnost’ a spolahlivost

zaznamendavanych signalov. Definuju sa zdakladné problémy pri snimani, zazname a spracovani slabych odrazenych optickych signalov a
poukazuje sa na perspektivnost dnes uz existujucich fotodetektorov vytvorenych maticou prvkov z lavinovych (APD) fotodiod ako aj na

vyhodnost takejto detekcie pri spracovani signalov.
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M. Drzik, J. Tomanovi¢, P. Varga
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VYTVORENIE 3D TVARU OBJEKTU

Jednokanalovy systém
s impulznym laserom a APD

detektorom pracujuci na

principe TOF s jednotkou
mechanického rozmietania
pre tzv. skenovanie snimanej
scény.

Najbeznejsie rieSenie na
svetovom trhu.
Napriek tomu, je z vedeckého
pohladu najmenej efektivnou
a moderné poznatky ako aj
vlastné experimenty a
analyzy uprednostnuju druhé
dva principy, ktoré zatial nie
su rozvinuté v
priemyselnej praxi.

Viackanalovy systém
s impulznym osvetlenim
a snimanim pomocou
multielementového
riadkového alebo plosného

APD detektora na baze TOF

Multielementova detekcia na
principe TOF ponuka vyhodu
v simultdnnom snimani
Sirokého zorného pola bez
potreby limitujuce;j
mechanickej zlozky
a umoznuje detail zakladnej
klasifikacie vozidiel (v sulade
s pravidlami cestne;j

EEI

Metoda laserovej
triangulacnej
profilometrie

MINISTERSTYO S0OLSTVA,
VEDY, VYAEUmML & SPORTY
SLOVEMSEE] REFUBLXY

s korelacnym
vyhodnotenim pohybu
vozidla

Laserova triangulacna
profilometria je limitujuca pri

velmi rychlych prejazdoch

vozidiel nad 150 km/h,
ponuka vSak vysoku mieru
detailu vo veci klasifikacie
vozidiel, a to az do Urovne
detekcie naprav v styku s

vozovkou,

premavky).
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VyuZzitie svetelnych impulzov ( resp. infraCervena oblast - NIR) EEI
spolu s citlivymi fotodiédovymi detektormi -
zjednodudenie Glohy merania rychlosti e
- zvysSenie spolahlivosti

Rychlost’ nie je mozné uréovat’ pomocou Dopplerovho efektu (radar)

Metoda time-of-flight (TOF)

VOZIDLO
10 ns
LASER ﬂ\ Jﬂk‘
B— meraju sa Casoveé intervaly ,letu“ svetelného
DETEKTOR 50 impulzu k objektu a smerom naspat po odraze.

it Rychlost svetla ¢ = 299 792 458 m/s
'"'"“'f odrazeny signdl  Syetlo smerom tam a naspat’ na vzdialenost
kazdych 15 cm leti®

vysielany signdl VOZIDLO

1 nanosekundu, na vzdialenost 30 m je to cca 200
nanosekund
H . Casy a frekvencie, ktoré dne3na elektronika bezne
::0 odrazeny mgnél SpraCOVéva.

LASER L ‘W

DETEKTOR
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Zdroje svetelnych zableskov vyuzivaju sa laserové diody 905 nm EEI
(resp. LED)

- ludské oko nevidi a LOVENSKE, REPUSL

- silne lokalne koncentrované ziarenie - bezpecnostné normy
- Sirka impulzov 1 ns — 20 ns, vykon 100 W — 200 W

Detektory
Svetelny signal odrazeny od vozidla je velmi slaby — nutné su
vysokocitlivé detektory

- odraz laserového svetla od slabo odrazajucich ploch (tmavy plastovy
naraznik
celné sklo sklonené pod uhlom a pod.)

- citlivost fotodiédovych detektorov musi byt vysoka, rychlost’ snimania
v oblasti GHz. Pouzivaju sa rychle tzv. lavinové fotodiody (APD).

- realne dosiahnutelné spolahlivé merania - do 100 m az 200 m

- pri odraze od tabulky ECV dostavame podstatne silnejsi odrazeny
signal
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EEI

Uloha klasifikacie druhov vozidiel E A

Systém musi spliiat podmienky noriem EUR 5 a EUR 10 pre, _
klasifikaciu druhu meranych vozidiel. Klasifikacia musi splnat rozdelenie podla
legislativy SR v sulade so Zakonom 8/2009 Z.z, o cestneH),rvemavke a0 zmene a
doplneni niektorych zakonov, prislusnou vykonavacou vyhlasSkou a Zakonom
25/2007 Z.z. o elektronickom vybere myta za uzivanie vymedzenych usekov

pozemnych komunikacii a o zmene a doplneni niektorych zakonov.

Existuje niekolko Standardov klasifikacie vozidiel, napr. americka EFWA a europske
klasifikacie EUR 13 resp. COST 323. COST 323, selektuje vozidla iba do 8
kategorii. EUR 13 |J:e podrobnejSia. NajselektivnejSia kategorizacia je podlfa
amecrlllc;kej FHWA (Federal Highway Adminisration). RozliSuje aj viacnapravové
vozidla.

» nutnost’ identifikacie 3D tvaru vozidiel

Metdda TOF je vyuZzitelna aj na snimanie trojrozmernej (3D) scény

t.j. celkového tvaru vozidla. V sofistikovanejSich systémoch sa vyuziva mechanické
skanovanie zorného pola pomocou mechanického rozmietania osvetlujuceho
laserového zvazku rotujucim zrkadlovym hranolom. Perspektivne su vsak
maticoveé prvky.

296



4t International Conference 3D MEASUREMENT AND IMAGING 16th-17th October 2019 | Odborarska 21, Bratislava

VITRONIC MODEL

OPTOMECHANICKE SKANOVANIE

Three lanes can be monitored in each direction from the
median strip.
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EEI

WEDY, WYSELUMLU A SPOETY
WWEMSET) EEPUSLEY

Perspektiva:

- vyuzitie viackanalovych maticovych Struktur s integrovanymi APD
fotodetektormi

Takato maticova architektura je dnes uz v mikroelektronike realizovana v podobe
maticového pola diskrétnych snimacich prvkov lavinovych fotodiéd (APD).

Podobny systém merania rychlosti vozidiel je zalozeny na vysielacich a detekcnych prvkoch
fy Leddar Tech ( Spec-Sheets-LeddarVu-4decembre2017-web).

Leddar Sensor Modul - v jednom riadku kombinuje 16 vzajomne nezavislych aktivnych
fotodiodovych prvkov APD do jedného snimaca. Riadkova kamera bez mechanickych
pohyblivych casti méze byt vyuzita na diskrétne snimanie 3D scény osvetlovanej impulznym
zdrojom v blizkej infraoblasti.

Takato riadkova kamera moze byt vyuZita na diskrétne (plosne) snimanie 3D scény
osvetlovanej impulznym zdrojom v blizkej infraoblasti (NIR). V realizovanej konstrukcii sa
vyuzil tzv. Beam Option 9°. Ten ma realne Sirku zorného pola 10° a vysku 1.6°.
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Zariadenie Leddar M16 — LED

The LeddarTM M16 Sensor Module is an advanced solid-
state

LiDAR that combines 16 independent active elements
into

a single sensor, resulting in rapid, continuous and
accurate

detection and ranging—including lateral discrimination
In the entire wide beam, without any moving parts.
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Key components — LeddarCore IC

/

R Photodiode
Linear array of SRS 2y A o amy

laser emitters

\__ Receiver
Lens

ITEGUEFTEE

ASTERING LIDAR SENSO LOGY
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H‘
MIMIETERSTVO SOLSTVA,

VEDY, VHiElmL & SPORTY
SLONEMNSEE] REPUBLIKY

LeddarTech

1. LEDDAR PRINCIPLES
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The laser emitters sequentially pulse a
narrow, horizontal light beam

LeddarTech

302



4t International Conference 3D MEASUREMENT AND IMAGING 16th-17th October 2019 | Odborarska 21, Bratislava

APD IMAGE SENSORS

Hamamatsu S8550 4 x 8 APD array

and First Sensor 16 element linear
APD array.

PHOTON IS OUR BUSINESS

Distance area image sensor

- ’ $11963-01CR

Measures the distance to an object by TOF
(Time-Of-Flight) method

The distance image sensors are designed to measure the distance to an object by TOF method. When used in combination
with a pulse modulated light source, this sensor outputs phase difference information on the timing that the light is emitted

and received. The sensor output signals are arithmetically processed by an external signal processing circuit or a PC to obtain
distance data.
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EEI

MIMISTERITYO 5K Ty,
SLOVENSEE] REFUBLY

» Citlivost systému ma dramaticky vplyv na jeho spolahlivost a presnost.
Osvetlujuce impulzné zdroje musia byt vykonovo limitované — bezpec€nost.
Detektory TOF signalov - PIN fotodiddy alebo lavinove APD fotodiody .

Klucové problemy TOF detekcie

« Zaznamenavané priebehy signalov z APD fotodiody nevyjadruju realny
Casovy priebeh signalu. V Geigerovom mode je lavinova fotodidoda zapojena
Vv zavernom smere s napatim, ktoreé je blizke napatiu prierazu fotodiody.
Prieraz — lavinovy tok elektronov
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Analyza tvaru impulzu

Ak pozname matematicky model signalu, mézeme ho vhodnymi algoritmami
vyhladavat v nameranom priebehu signalu z fotodiody.

Merania na pamatovom osciloskope so vzorkovacou periodou 800 ps

Casové rozlisenie zodpoveda rozlieniu vzdialenosti 12 cm, vyuZzitim znalosti

tvaru moézeme vyuzit subpixelové algoritmy.

Nameranda séria dat pre rozne vzdialenosti a metédou najmensich Stvorcov a
vyhladaval v signali tvar podla teoretického predpokladu.

00

Porovnanie nameraného signéalu z APD
fotodiody a vypocitaného
z matematického modelu. Modra
krivka: namerany priebeh signalu
z fotodiody. Cervend krivka: model
impulzu, ktorého analyticky tvar
pozname.

EEI

MIMIETERITYO SKOLSTYA,
VEDTY, WLE LML & SPORT
SLOVENSEE] REFUBLY
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Korelaéna analyza FPGA. a '-_:.-';!-.':;':-:'

Jedna z implementécii je takda, Zze impulzy sa prevedu do frekvencnej oblasti pomocou
Fourierovej transforméacie. Dostaneme tak sériu fourierovskych koeficientov (spektrum) ako
postupnost komplexnych Cisel. Ked vydelime spektrum nameraného impulzu spektrom
referenéného impulzu v znamej vzdialenosti a urlime zavislost fazy od frekvencie,
dostaneme krivku s linearnym usekom. Jej sklon zodpoveda ¢asovému oneskoreniu impulzu.
Tento pristup ma vyhodu, Ze dokaze vyhodnotit oneskorenie s vySSou citlivostou ako je
rozliSovacia schopnost’ dana vzorkovacou frekvenciou.

Pri poklese bitového rozliSenia a vzorkovacej frekvencie pod istu hranicu uz metdda
neposkytuje vyhody oproti prahovaniu signalu. FPGA dokaze pri takychto rychlostiach

v realnom Case vypocitat iba niekolko koeficientov spektra (4 az 8). Z toho vyplyva potreba
pouzitia signalov s vySSim podielom energii na nizkych frekvenciach.

Predlzovanie impulzov ide vSak proti logike impulznych TOF zariadeni smerom k principom
modulovanych TOF zariadeni.

306



4t International Conference 3D MEASUREMENT AND IMAGING 16th-17th October 2019 | Odborarska 21, Bratislava

Systematicka zavislost merania Casového okamihu

na amplitide vstupného signalu - time walk efekt

Triggovanie signalu ,,thresholdovanim®

— o
LB,
L /

- |
/ \
g, e /\ \ Threshold
—+ .

N

—

At
|
TOT,
I TOT, I
Jittar effect Time walk effect
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Spracovanie signalov ,oversampling®. EEI]

Signaly od objektu sa opakuju (su vzajomne takmer identické tvarom a VY VRSN A PO
| amplitudou), mozno pouzit zdanlivé zhustenie vzorkovania ,,oversampling®.
Pri vzorkovani nasledujucich signalov sa zavadza maly fazovy posun.

C o o . . : . . Laser s vysokou
Kompletna Casova zavislost z niekolkych zaznamov predstavuje tak Casovy y

. . 0 S . opakovacou
priebeh signalu odrazeného impulzu navzorkovany n-nasobne zvaésenou frek }
rychlostou vzorkovania v porovnani so zakladnou rychlostou pouzitou pri rekvenciou
zazname jednotlivych impulzov. 100 kHz

n BEFORE OVER-SAMPLING
| | | B | ] ]
L

AFTER OVER-SAMPLING o ]
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Komplexnou analyzou podmienok zdznamu a spracovania prijatého signalu, e
z hladiska komplexnosti hardvéru sa najjednoduchSim rieSenim a YESL VISla A O
kompenzacie ,walk” efektu zda pouzit prijimaci modul lavinovej fotodiédy

s ¢o najvacsou Sirkou pasma. Tym sa zabezpedi ostra nabezna hrana

signalu a vyborny kontrast oproti svetelnému pozadiu.

Aplikovanim impulzného osvetfovacieho zdroja s vy$Sou opakovacou
frekvenciou (desiatky az stovky kHz) a pouzitim fotodiodového detektora s
linearnym zosilnenim sa ziska dostatok informacie pre
metodu,oversamplingu“ a presné urcenie intervalu TOF

» Aplikacia na vytvorenie 3D scény objektu vozidla

Limitacia

- pocet prvkov maticového detektora

- citlivost detekcie jednotlivych prvkov detektora
(vyzarovany vykon lasera je obmedzeny bezpecnostou)
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AMOS - GLOBAL METEOR CAMERAS NETWORK

Juraj Toth !
LEMFI UK, Bratislava

Abstract

AMOS (All-sky Meteor Orbit System) is an image-intensified all-sky video meteor system originally developed for the Slovak Video
Meteor Network in 2007 at the Astronomical and Geophysical Observatory in Modra (AGO) of the Comenius University in Bratislava
(Toth et al., 2011, Zigo et al., 2013). Currently, five stations are operational in Slovakia and two on Canary Islands since March 2015
(Toth et al., 2015). A pair of AMOS cameras were installed in Chile in March 2016 (Toth et al., 2016) to monitor the meteor activity on
the southern sky. Another pair of AMOS cameras were installed on Hawaiian Islands: atop of Haleakala and Mauna Kea in September
2018. We closely collaborate with KVANT software team led by P. Varga, J. Solcani and M. Schichman on meteor detection program
called AMOS.
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AMOS - GLOBAL METEOR
CAMERAS NETWORK

« AMOS (All-sky Meteor Orbit System) is an image-intensified
all-sky video meteor system ergzlnall developed for the
Slovak Video Meteor Network in 2007 at the Astronomical
and Geophysical Observatory in_Modra (AGO? of the
Comenius University in Bratislava (Téth et al., 2011, Zigo et
al., 2013). Currently, five stations are operational in Slovakia
and _two on Canary Islands since March 2015. A pair of
AMOS cameras were installed in Chile in March 2016 to
monitor the meteor activity on the southern sky. Another pair
of AMOS cameras were installed on Hawaiian Islands: atop
of Haleakala and Mauna Kea in September 2018. We
closely collaborate with KVANT software team led by P.
Varga, J. Solcani and M. Schichman on meteor detection
program called AMOS.
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Comenius University in Bratislava, Slovakia
Faculty of Mathematics, Physics and Informatics

» The leading university institute for A&A (Master, PhD) in SR

« Astronomical and Geophysical Observatory in Modra

 Research, education and public outreach
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AMOS instrumentation:

« Autonomous intensified optical video system
* Field of view 180 x 140 deg

« Resolution 1600 x 1200, 20 fps

« Stellar limiting magnitude + 5.0

AMOS camera at Canary Islands

180 cm
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AMOS global network — 10 stations on 4 locations

« Slovak Video Meteor Network 2009
« Canary Islands 2015

 Chile, Atacama 2016

« Hawaii, 2018
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AMOS testing on AGO Modra
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... just installed AMOS on Haleakala, Maui

Oct. 14 — Dec. 19, 2018 AMOS-HK detected 6,047 single-station video meteors.
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... just iced AMOS on Haleakala
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AMOS - software and analytical tool development

« development of detection software AMOS (with KVANT)

« own all-sky reduction tool RedSky (Borovicka et al., 1995)
 own trajectory and orbit solver MT 5.14

 planned open database

7‘;‘_‘ 2 % Meteor trajectory v5.14 =10f x|

Save... About

Astronomy? Impossible to understand and madness to investigate.
Sophocles, c. 420 BCE

Reduction Meteor ]Dark flightl Messages l

Radiant algorithm- -Output options—— Experimantal features— |

@ Ceplecha [~ Save to DB ™ Average plane by R
[~ Backup DB " Bootstrapping MC

" Borovicka
[7 3D model - trajectory

" Borovicka/Ceplecha [~ 3D model - elements Delta time [s] 2
¢ Gural [~ Open master file Catalog error 1.2
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Fireball May 1, 2016 by AMOS, Chile, M, =-9Ma&.
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Fireball May 1, 2016 by AMOS, Chile, M,=-9mz&-

Trajectory Orbit
Hg = 90km, H; = 43km a=2.85 AU, e=0.66, i=28.7°

XZ

Mercury
Venus
Earth
Mars
Ceres
Jupiter
meteor
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The first European meteor
observation airborne campaign

P. Koten (Ondrejov obs, Pl)
). Zender (ESA)
J. Toth (Univ. Bratislava)
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One thousand Geminids above Tenerife Dec.13/14, 2017

AMOS, Teide, IAC
Téth et al., 2017
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