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TWO-PHOTON MICROSCOPY, MICRO-STEREOLITOGRAPHY
AND THEIR APPLICATIONS IN BIOMEDICINE

Dusan Chorvit ', Tibor Teplicky *
! International Laser Centre, Bratislava
2 University of St. Cyril and Methodius, Faculty of Natural sciences, Trnava

Abstract

Design and fabrication of biocompatible microstructures is an important prerequisite for
number of biomedical experiments. In this regard, two photon photopolymerization is a very
useful tool for creation of micro and nano structures. It uses laser beam with longer wavelength
and energy below the polymerization threshold, where the threshold can be reached in the focus
by multi-photon absorption process. Moving of the laser focus spot through the resin allows to
build up a complete 3D structure of a chosen design with micrometer resolution. Polymer
structures presented in this work were made by 2-photon photopolymerisation of OrmoComp
(Micro Resist Technology GmbH) using uFAB workstation (Newport) with Spirit ultrafast
amplified laser running at 520nm.

Fig 1 : Collagen matrix in rat aorta imaged by second
harmonic generation microscopy (left) compared to
transmitted light imaging (right).

Multimodal imaging combined with pulsed laser excitation is currently a leading-edge
technology of optical microscopy. In particular, the combination of imaging, steady-state
spectroscopic methods with time-resolved detection techniques provides more precise insight
into native cell behaviour. Excitation by near infrared pulsed laser allows better spatial separation of fluorescence signal, as well as utilization of nonlinear
imaging modes such as second-harmonic generation. In our contribution we present data obtained from confocal microscope LSM 510 META (Zeiss) with
nonlinear optical excitation by ytterbium laser (t-pulse 50, Amplitude Systemes, 1040nm), combined with spectrally and time-resolved fluorescence imaging
(Becker & Hicki HPM 100-40 detectors, BDL-475 laser and SPC-830 TCSPC board). We present application of this system for imaging of various biomedical
structures and processes, such as the study of collagen in native tissue samples (Fig.1).
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Agenda

// Allied Vision — Who we are?

// The advantages and disadvantages of designing a
machine vision camera based on ASIC technology

// What is MIPI CSI-2 and why is it a relevant Interface
for machine vision?

// Characteristics of embedded vision systems






The Right Camera for Each Application



Applications Examples

Industrial
Inspection

Ziemann & Urban
Inspection of BMW
instrument panel
carriers

Healthcare
& Medical

Carl Zeiss Meditec
Opthtalmologic
examination device

Science
& Nature

NASA
ISS astronaut-robot
Robonaut 2

Security
& Traffic

Kria
Radar-free speed
enforcement

Multimedia &
Entertainment

Forever 21/spacel50
Times Square, NYC
giant interactive
billboard



Our Success-Story

1989
1996
2000
2001

2002
2006
2008
2010

2011

2012
2014
2015

Company founded as M. Sticksel CCD-Kameratechnik GmbH (Sony distribution)
Production facilities opened in Stadtroda, Germany
Acquisition by Augusta Technologie AG

Renaming to Allied Vision Technologies
R&D center opened in Ahrensburg, Germany

Launch of Dolphin, first Allied Vision-developed and Allied Vision-built camera
Allied Vision Technologies, Inc. opened in Newburyport, MA (USA)
Acquisition of Prosilica, Inc. in Burnaby, BC (Canada)

Prosilica, Inc. renamed Allied Vision Technologies Canada Inc.

Allied Vision Technologies Asia Pte. Ltd. opened in Singapore

Acquisition and integration of VDS Vosskiihler GmbH in Osnabriick, Germany. Entry into the
infrared market

Allied Vision Technologies (Shanghai) Co. Ltd. opened in Shanghai, China
New branding to Allied Vision
Allied Vision becomes a member of the TKH Group



A Global Player

Canada:
Burnaby, BC

® 8locations worldwide

Distribution partners in
more than 30 countries

USA:
Newburyport, MA
Exton, PA

Germany:
Stadtroda,
Ahrensburg
Osnabriick

Singapore

China:
Shanghai






Typical Machine Vision Architecture
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What is an FPGA

“A field-programmable gate array (FPGA) is
an integrated circuit (IC) designed to be configured
by a customer or a designer after manufacturing.”
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What is an ASIC

“An application-specific integrated circuit (ASIC) is an
integrated circuit (IC) customized for a particular use,
rather than intended for general-purpose use.”

12



General ASIC vs FPGA overview - this sums it up nicely

Time to Market Fast Slow
NRE Low High
Design Flow Simple Complex
Unit Costs High Low
Unit size Medium Low
Perfomance Medium High

Power consumption High Low



Effort required to develop an ASIC

Market Analysis

ASIC Design

ASIC Production

Final ASIC
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http://www.shutterstock.com/subscribe

Practical considerations of using an ASIC for a
machine vision camera design

// Market trend towards embedded vision systems

Cameras with low power consumption
and small size required

// More and more mass volume vision applications

Low cost cameras with dedicated
perfomance required

15



Comparison of an established camera
versus new ASIC based camera

_FPeAbaedamen  |ASChaedamen

Power consumption
Unit size

Costs

Feature level

Time to Market

Perfomance

High

Medium

Higher unit costs / Low NRE
Oversized

Fast

Lower

Low

Small

Low unit costs / High NRE
Dedicated to application
Slow

High
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Typical Machine Vision Architecture
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ASIC based machine vision Architecture
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Advantages

Lower camera componet price
Less CPU load on host side
Less power consumption

Higher perfomance
/11 New Interface: CSI !!!
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What is CSI?

// CSI stands for Camera Serial Interface

// and is a specification of the

//Mobile Industry Processor Interface (MIPI)

alliance.

20



Prevalence of CSI-2 on embedded processing boards

Consumer World

No high quality machine vision senors
available!

21



Comparison of CSI-2 to other commonly used Machine
Vision Interfaces

| csl-2D-PHY USB3.0 USB 3.1 GigE Vision

Up to 2.5Gbit/s per lane 5GBit/s 1GBit/s

Eameled 4 lanes up to 10GBit/s

Cable Length Up to 0.6m Up to 8.0m Up to 100m

Integration effort High Easy Easy

CPU load on host Low High High
- . Limited Limited

Availability on embedded boards High - T

22



Adopters of CSI-2 — Embedded boards & CoM

®* Broadcomm 64bit QuadCore ARMvS

— Raspberry Pi Zero (CSI-2...yes we can @...)

— Raspberry Pi 3 model B
* Quad Core 1.2GHz Broadcom BCM2837 64bit CPU
 1GB RAM
« BCM43438 WiFi and Bluetooth Low Energy (BLE) on board
* 40-pin Extended GPIO
* 4x USB 2 ports
* 4 Pole stereo output and composite video port
« HDMI
e CSI camera port for connecting a Raspberry Pi camera
» DSI display port for connecting a Raspberry Pi touchscreen display
e Micro SD port for loading your operating system and storing data

23



Adopters of CSI-2 — Embedded boards & CoM

* NXP Freescale ARM Cortex - iMX6 solo/Dual/Quad
— SoM modules for iMX6 by SolidRun

!11'|ssue is only USB2.0 ports but CSI-2 and
Ethernet 1Gb with IEEE1588 ©

24



Adopters of CSI-2 — Embedded boards & CoM

°* NVIDIA
— JETSON TK1 & TX1 CoM modules

25



Embedded machine vision application

Allied Visions
1 Productline
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Characteristics of embedded vision systems (low power/size/runtime

cost; high effort/upfront development cost)

YES

YES

NO

YES

Design Costs > Recurring Costs

Application

Does size and weight matter?

— ey —
e —
— e —
— . —
— s —

Does power consumption matter?

Do you plan to expand your system in the
meantime before the next generation?

Do you have a demanding environment?

What about the costs?

PC-based System

NO

NO

YES

NO

Design Costs < Recurring Costs
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DELIVERING INLINE METROLOGY WITH FACTORYSMART® SENSOR TECHNOLOGY

Christian Benderoth '
! Regional Development Manager EMEA, LMI Technologies

Abstract

In this talk, LMI will discuss the state of the metrology industry, which has largely focused on first article or random part inspection for comparison to CAD
or reverse engineering. With the increasing need for inline metrology, LMI will present how 3D smart sensors provide an effective solution to achieving 100%
quality control leveraging new multi-sensor capabilities to deliver inspection solutions that can reach a high degree of accuracy and repeatability in
correlation to CMM machine studies.

30
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QUICK FACTS

Owned by TKH Group

1978 — Present

39+ years experience

One of our
Selcom
displacement
sensors
developed in the
1970s

100+ patents
and 220+

employees

110,000+ sensors
in the field
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Vorführender
Präsentationsnotizen
Quick Facts - LMI

Owned by TKH Group – Dutch Public Company

Part of Industrial Solutions Group of companies focused on vision, including:

Allied Vision – May of this year rolled out all new camera platform for embedded vision industry

Park Assist – Smart sensor self parking guidance systems


ABOUT LMI TECHNOLOGIES



GLOBAL PRESENCE

BASED IN VANCOUVER

8 REGIONAL OFFICES

=l — — +

60+ DISTRIBUTORS
IN 40+ COUNTRIES



Vorführender
Präsentationsnotizen
LMI has over 220 employees, most of which are located in Vancouver Headquarters.

Also offices in Detroit, Dublin, Berlin, Neatherlands, 

Sweden and China

Over 60 distributors in 40+ countries


ABOUT LMI TECHNOLOGIES

Gocator

»2"d International Conference 3D Measurement and imaging
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Vorführender
Präsentationsnotizen
So our main solution for solving a wide range of inline quality control needs is our Gocator all-in-one 3D smart sensors. What does it mean for 3D? Yes, our sensors can measure features in 3 dimensions, so not only a flat image, but with height information as well. And what does it mean to be smart? Our sensors, without the need of a PC, can scan a target, measure a critical feature, and compute a decision control, all within a single device, without the need for a separate controller. All this smart sensor technology is embedded inside of Gocator. With a wide range of speeds, field-of-views and resolutions, our products are found in many vertical markets including Automotive, Wood, Packaging, and Consumer Electronics.


UNIQUE BUSINESS APPROACH

CHIP LEVEL

ENGINEERING

We design and
deliver proven
technologies at the
lowest cost

A8

You don’t need to
be a rocket scientist
to use our products

— just point and
click

)

SIMPLE USER PROGRESSIVE
EXPERIENCE PARTNERSHIPS

We build OEM and
Sl solutions in
support of our long
term partnerships

2ND INTERNATIONAL CONFERENCE 3D MEASUREMENT AND IMAGING
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Vorführender
Präsentationsnotizen
Our sensors are designed from the chip level up

They are factory calibrated and are literally “plug and play”,  can run and produce measurements “out of the box”

Very simple user experience

We work together with OEM and SI partners to develop market specific solutions to support long term relationships


STATE OF METROLOGY

» Why can’t we achieve accuracy and precision in the factory?

37


Vorführender
Präsentationsnotizen
This is what we see today for quality control; 2 distinct environments. 
Metrology room or lab on the left; factory floor on the right
The question is: Why can’t we achieve the accuracy and precision of a metrology room inline on the factory floor?
Let’s explore why…




Vorführender
Präsentationsnotizen
Looking at this photograph, when you think of a lab environment, you picture it being clean and controlled. 
Slow. Time is not of the essence. It is more important to be precise and accurate.
Contact-based. Either through an operator or a machine, the target comes into contact by an operator handling the part or with a machine using a touch probe – more on that in a bit
Calibration is required regularly to ensure 3D points are translated from a coordinate measuring system to real-world coordinates. 


STATE OF | Compact, IP67

Non-contact

All about speed

No Calibration


Vorführender
Präsentationsnotizen
On the other end of the spectrum, this is what a factory floor looks like. There’s a lot of going out, with many moving parts, and a fair share of robots.
The first distinction you’ll notice is that it’s all about speed. Conveyor belts, the movement of robots are all optimized to increase output 
Even though things are moving fast, typically the processes are non-contact. In inspection activities, measuring devices are not touching the targets, nor are parts being handled by operators. Everything is automated.
In order for measuring devices to fit within this automated system, they must be compact and have an industrial design – so that it is fully sealed, passively cooled to protect against the factory environment.
Finally, there is no time nor a need to calibrate the measuring devices, as straight of the box, the measuring devices are calibrated to real-world coordinates. This means no added effort, time, or concern once it is set up


TYPICAL METROLOGY PROCESS

» Metrology today has traditionally focused on acquiring accurate 3D scans of real world

objects, for:
» Comparison of first articles to CAD models
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Vorführender
Präsentationsnotizen
In Metrology, GD&T (Geometric Dimensioning and Tolerancing) is a language of symbols used on design drawings to inform metrologists of specific tolerances and measurements required on first article parts. Metrologists program these tolerances into 3D metrology systems  (Typically CMMs, Articulated Robot Arms, or handheld scanners...Non-contact measurement) to ensure machined parts meet design spec.


TYPICAL METROLOGY MACHINE

Coordinate Measuring Machine

» A 3D device for measuring the physical geometrical
characteristics of an object

» Manually controlled by an operator or computer

Mechanical CMM Structures

»2"d International Conference 3D Measurement and imaging
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Vorführender
Präsentationsnotizen
The most traditional and commonly used method of metrology is by using a CMM. It usually runs in a lab or dedicated room; uses a touch probe whereby the probe is physically touching different parts of the target. The points are then joined together to create a 3D point cloud. The stylus depicts the resolution of image. There are many different set-ups for generating scans of objects from small to large. 


FROM THE LAB TO THE FACTORY FLOOR

» Qver the past 5 years, advances with
structured light scanners or handheld
portable scanners with laser trackers
have produced 3D scans sufficiently
fast and accurate enough to move
onto the factory floor to support
random sampling part verification.

» Contact based — non contact-based

12
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Vorführender
Präsentationsnotizen
It is time-consuming to inspect every part using a CMM so usually only a single or small quantity of parts are inspected. Over the past 5 years, we have seen an explosion of structured light scanners or handheld portable scanners that are portable and nimble enough to go closer to the line on a factory floor. However, it is still difficult to measure every single part in an assembly line. The key transition here is you’ll notice that the method to acquire a 3D image shifts from contact based to non contact based. 


COMPARISON: METROLOGY VS. INSPECTION

Offline in measuring room, clean and controlled

Largely contact based using touch probes
Long acquisition process; takes minutes
Highest level of accuracy; performs GD&T

analysis and reporting

Requires regular or frequent calibration

In-line or at-line (if not fast enough), factory
environment introduces lots of variation
(ambient light, vibration, temp, dust, water, oil,
etc.)

Always non-contact based using lasers or
structured light

Short acquisition, short tact/cycle times; take
milliseconds

Performs PASS/FAIL and communicate results
with all factory networking protocols

No calibration needed!

13
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Vorführender
Präsentationsnotizen
Now that we know a little about metrology and inspection, let’s compare and summarize the two processes.

Short cycle times to meet factory speeds

Performs PASS/FAIL
Built-in measurement for real-time pass/fail with all factory networking protocols
Could be relative measurements, you set parameters e.g. step height



THE NEW STATE: INLINE METROLOGY

Inline Metrology

In-line, factory environment introduces lots of
variation (ambient light, vibration, temp, dust,
water, oil, etc.)

Highest level of accuracy with high repeatability

Always non-contact based using lasers or
structured light

Short acquisition, short tact/cycle times; take
milliseconds

Performs PASS/FAIL and communicates
results

No calibration needed!

14
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Vorführender
Präsentationsnotizen
Now what is inline metrology?
This how we define all the benefits of inline inspection devices – the compactness, speeds, rigidity – with the added highest level of accuracy and repeatability you get from metrology processes.


TYPICAL INLINE MEASUREMENT DEVICES

»

»
»

»

3D sensor technologies:
® Laser triangulation
@ Structured light
Industrial housing

Calibrated once in the factory,
holds accuracy in industrial
environments

Embedded processing makes
hardware “smart”

15
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TYPICAL INSPECTION PROCESS

» Inspection carries out scanning, measurement, and control — all inline while a part is in motion:
A trigger causes a profile scan or an area scan

» 3D point clouds are generated

» Measurements computed

» Check to tolerances

M

» Communicate pass/fail

>
Distance:
7.668
= PASS
Collect 3D Create Measurement/Ch Communicate
Scan Part » Profiles » Height Maps » eck Tolerances PASS/FAIL
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TOWARDS 100% QUALITY CONTROL

JANMNI=RNI=1 4% <A
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part inspection
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Vorführender
Präsentationsnotizen
Now that we’ve talked about metrology and inspection, and the benefits of each, the next thing to touch upon is the frequency of inspecting parts. 
Inspection is intended to accept or reject a part based on some defined criteria. Inspection can be applied to incoming materials, during the production process, or to finished goods. 

The first method is off-line measurement, or first article inspection, traditionally in use with a CMM. A part is pulled off the line, inspected elsewhere and based on observations and results, would indicate that the rest of the parts follow the same result.
Can be qualitative: absence or presence of a feature such as a bulge; or quantitative: what is the radius of this surface hole?
The second method is at-line random part inspection whereby you are taking parts off the line, at random and inspecting close to the line. This provides relatively less disruption and you have more certainty than first article inspection, as you are scanning more parts.
However, to be 100% certain of every single part, inline 100% part inspection is the most ideal.
For 100% part inspection, it doesn’t mean to scan the entire part, instead it means scanning every single part on the line: Just because a part is 30 cm long doesn’t mean you need to inspect 30cm of the part, you may only be interested in 10 cm of the end. 100% inspection is important when human life could be jeopardized, such as medical or automotive applications. Or in high tolerance and high value applications such as consumer electronics.


TOWARDS 100% QUALITY CONTROL

® Need for speed
Increases

 Acquisition time is short: Trigger
scanning, measuring

* Running in milliseconds

® Size of measuring
devices become O, Decision
smaller (because of T8¢y, e
. /0/7 oint
space constraints)

18
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Vorführender
Präsentationsnotizen
As you move towards 100% part inspection, the need for speed increases. Depending on the distance from the trigger (or when the scan takes place) to the decision point, that is essentially equal to the amount of the time you have to get all the information you need and make an informed decision to pass or fail the part. Acquisition and measurement must match factory speeds. You don’t have the luxury of pulling a part off the line or stopping the line. 
Also, the size of the measuring devices become smaller and smaller because of space constraints. There can be robots, and a whole host of other factory components, and sometimes sensors are deeply embedded into a machine. 


®
. GOCATOR REAL-TIME PIPELINE PROCESSING

3D Point Cloud

Measurement

Decision Output

19
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Vorführender
Präsentationsnotizen
So this is the way we achieve 100% inspection at LMI Technologies with our 3D smart sensors – checking a critical feature of every single part. This is what goes on inside a Gocator sensor.
As the 1st part comes down the line, a trigger is released to produce a profile. 
Then, embedded inside the smart sensor, a 3D point cloud is generated, usually with millions of points. The higher the resolution, the higher and denser the points, and therefore the more accurate the 3D point cloud for measurements. 
Measurement – whatever you are looking to inspect. You can run one measurement or many.
Decision output communicated to a PLC – mechanically pass or reject; 
“as a 3D point cloud is being created for part one, part 2 is being captured”
| | | So at any given time, in real-time, there are many pipeline processes being computed so as to not slow down the line.


GOCATOR PIPELINE LATENCY

1. Trigger
2. 3D Point Cloud
3. Measurement

4. Decision Point

» 2nd International Conference 3D Measurement and Imaging
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Vorführender
Präsentationsnotizen
The outcome of pipeline processing is latency, which is essentially the delay in each step. The latency has to be shorter than the time it takes before the decision point. Latency must be faster than the factory process. An All-in-one embedded design avoids transmission time
- Camera + 3D point cloud is determined by camera speed/exposure
Measurement + Decision point is CPU limited
In addition, with Gocator sensors, there is Smart part detection if the parts are rotated and will know the start and stop of each part



SMART STANDALONE VS. PC

» Trigger

» 3D point cloud generation
» Part segmentation

» Part rotation

» Part sectioning

» Measurement

» Pass/fail decision outputs

» 2nd International Conference 3D Measurement and Imaging

PC-Accelerated

» Speed up processing times to
reduce cycle times

» Manage and control multiple
sensors

» Stitch multiple 3D point clouds

21
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SEAMLESS ACCELERATION

» With Gocator Accelerator:
» Adds faster data-processing power
» Windows PC application that adds the processing power of one or more PCs
» Reduce cycle time and remove memory limitations

GOCATOR
SENSOR ACCELERATOR

\~> ------
— T
PC

» 2nd |nternational Conference 3D Measurement and Imaging
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. FASTER PIPELINED RESULTS WITH ACCELERATOR

Compressed 3D
Point Cloud

Transfer to PC

PC unpacks data

| ]
- - Gocator
measurement Accelerator

Decision output

23
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Vorführender
Präsentationsnotizen
Again, here we see the pipeline process of inspection in a smart sensor, although this time, a PC and Accelerator application is introduced into the pipeline. The Sensor works cooperatively with a PC to share processing to reduce latency


GOCATOR MULTI-SENSOR NETWORKING CAPABILITIES

»
»

»

»

Need a wider view or different angles?

Requires synchronization, discovery, layout,
alignment, and stitching to build a dense 3D
point cloud

The latest smart 3D sensors from LMI -
Gocator - provides built-in support for multi-
sensor networking and full 3D feature
measurement

Increase FOV while maintaining extremely
high resolution

24

54


Vorführender
Präsentationsnotizen
.


A NETWORK OF SMART SENSORS

» In the “smart” automated factory, networked smart 3D sensors connect with factory
infrastructure to report results, web browsers for diagnostics and monitoring, the Internet
for upgrades, and even with other sensors to exchange or combine data

» Gocator Accelerator unpacks, stitches, and generates new point clouds with data from
networked sensors

25
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CONCLUSION

»

»

»

»

3D inline inspection and traditional metrology are
two very different environments

3D Smart Sensors allow for 100% Quality
Control

With the Accelerator processes can be speed up
while cycle time are reduced

Multi-Sensor-Network allows for a wider FOV,
different angles while maintaining extremely high
resolution

26
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IMAGING USING NEAR-FIELD MICROSCOPY AND NEAR-FIELD LITHOGRAPHY

Du$an Pudi', Cubo§ Suslik®, Ivana Lettrichova®
! Dept. of Physics, Faculty of Electrical Engineering, University of Zilina, Zilina
2 Dept. of Physics, Faculty of Electrical Engineering, University of Zilina, Zilina
3 Dept. of Physics, Faculty of Electrical Engineering, University of Zilina, Zilina

Abstract

In this contribution we presented the near-field scanning optical microscope (NSOM) as an effective tool for high resolution imaging. The NSOM uses the
high resolution optical fiber probe prepared from tapered optical fibers in combination with nanoposition 3D system. The NSOM was used for
characterization of the near field of light emitting diodes (LED’s) with patterned submicrometer structures. The NSOM images show the submicrometer
resolution of the emitted optical field from the LED’s. The NSOM technique was also used for lithography of semiconductor surfaces. Using the NSOM
lithography different surface patterns with submicrometer resolution were prepared in photoresist layer and GaAs surface.
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mikroskopie v blizkom poli a
litografia v blizkom poli
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MOTIVACIA FOTONICKE KRYSTALY V PRIRODE - 1D, 2D, 3D

H. Wang, K. Q. Zhang, Sensors 2013, 13(4), 4192-4213

« Parides sesostris
(3D inverzny opal)

( L. augustus

Morské mys$ (3D diamantova Struktura)

Pav
Tmesisternus isabellae

Morpho (mokry/suchy)
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MOTIVACIA FOTONICKE KRYSTALY V TECHNOLOGIACH

www.nanoscribe.de (Markus Thiel)

\ 1D

Priroda Technologia

1D
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MOTIVACIA LED S FOTONICKYM KRYSTALOM

vyzarovania <:> Modifikuje sa vyzarovaci diagram

. v. . , e ve Y. J. Lee et al. Opt. Express 13 (15) (2005
- asi 30% ziarenia sa straca odrazom naspdt’ do Cipu pE- =P (15 )

- v dosledku PhC sa vylepsi vyviazanie Ziarenia

M. Charlton et al. Proc of SPIE Vol. 6486 (2007)

250
200 +
PhC 0.49 um
B
= 1501
@
3
= oo J. J. Wierer, Appl. Phys. Lett. 84, 3885 (2004)
= 100 -
2 PhC 2.40 um
o
50 - sasss no-PhC
0'|_"|'|'|'|'|'|'|'|'
c 2z 4 6 8 10 12 14 16 18 20 << D. Pudis et al. Appl. Surf. Sci. 269, 116 (2013)

Current (mA)
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BLiZKE POLE BLIZKE A VZDIALENE POLE - TEORIA

Blizke pole - pole, kde nedochadza
k difrakcii (zvacSa pre d<<A)

Novotny L, Hecht B. Principles of
nano-optics. Cambridge University

SEM obrazok pokoveného hrotu s aperturou Press. New York 2006,
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BLIZKE POLE PRINCIP ZOBRAZOVANIA V BLIZKOM POLI

Near-field
Opticky 5 :
pticky hrot S canning
Optical
vzorka 0 M icroscope
Illumination mode Collection mode Opticky hrot
NSOM litografia NSOM mikroskopia

v FF mikrosKopii - Abbey difrakéné kritérium ~ vinova dizka
v NF mikroskopii - rozliSenie ~ priemer apertury
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BLiZKE POLE SONDY PRE BLIZKE POLE
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|
|
|
|
|
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BLiZKE POLE MERANIE VLASTNOSTIi SONDY - TIP TO TIP SCAN

*profile of the optical near-field ~
Gaussian shape

Y=Y, + e "
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BLiZKE POLE MERANIE VLASTNOSTIi SONDY - TIP TO TIP SCAN

w, =(384.5+4.4)nm

= FWHM , ~ 460 nm

w, =(384.7+3.1)nm
= FWHM ; ~ 460 nm

e =>apertura
priemer menej
ako 460 nm
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SCHEMA NSOM PRACOVISKA

P Pul
i @ — Cul-rlrseit
L supply
PhC NSOM 3] |
'3 B[] 8

NSOM NSOM Hi

litografia mikroskopia | §Li f

ru_..___..t_" PC

LED povrch GaP
nanodroty
Blizke pole LED s Blizke pole LED s
predefinovaou periodickou

Struktirou Struktirou
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MERANIA BLIZKEHO POLA LED

" 2,4pm  Period
» 320nm  Depth

R

Pohlad na sondu a cip

Blizke pole LED

-
U Optics & Laser
Technolagy
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NSOM MERANIA BLIZKEHO POr’A LED

SEM snimky

zvysenie

NSOM obrazky

zvysSenie
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MERANIA BLiZKEHO POI’A LED s PHC

NSOM obrazky

AFM povrchu tvarovanej LED

3

N

8 %
@
<
&

S
N
N
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SNOL SCANNING NEAR-FIELD OPTICAL LITHOGRAPHY

PhC NSOM
NSOM NSOM
litografia mikroskopia
LED povrch GaP
nanowires
Blizke pole LED Blizke pole LED s
s predefinovanou periodickou
Strukturou Strukturou
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SCHEMA A TECHNOLOGIA SNOL

substra'
Polomer krivosti hrotu

(sondy) < 500 nm
COATING e s

photoresist
h fotoresist: AZ 5214 E
hrubka450 nm

substrate

vyvojka: AZ 400K
30 s cas vyvoldvania

optical  —<FOSURE Riadenie expozicie pomocou PC
fiber tip =

——”

IL DEVELOPMENT
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TVAROVANIE PERIODICKYCH STRUKTUR

< 300 nm

I. Kubicova, D. Pudis, et al. Optik 124 1971-1973 (2013)
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TVAROVANIE NEPRAVIDELNYCH STRUKTUR

AFM OBRAZKY A PROFIL

PRAVIDELNE

OPTICKY MIKROSKOP - OBRAZKY

NEPRAVIDELNE AFM OBRAZOK

A PROFIL

Voo / /
Ao/
v/ \ \f

0 S 10 15 20 2% 30
=)
L
—
—
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SNOL TVAROVANIE POVRCHU POLOVODICOV

| DEpOZICIA
"""" fotoresist
AZ5214E
NWs rast Kontakty ‘
Expozicia
NSOM litografia
Au naparenie Leptanie '
Lift-off RIE
,,,,,,,,,, Vyvolanie
..................................... vyvojka
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TVAROVANIE POVRCHU LED

Au contact
p-

NaAa A~
3QW GaAs

Al

N SPEKTRALNA CHARAKTERISTIKA LED

Al NaA A

n-GaAg

Intensity (arb. un.)

OBRAZOK Z OPT. MIKROSKOPU fotoresist: AZ 5214 E _
Hrubka 450 nm -

vyvojka: AZ 400K 1
30 s cas vyvolania 600 650 700 750 800 850 900 950 1000
BT T T TE T, Wavelength (nm)

/v ......................................... A =845 nm
20x20 pym plocha

Emitujuca cast’ Lubovolny dizajn
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TVAROVANIE POVRCHU LED

LED s tvarovanym povrchom SEM obrazky

AFM obrazok AFM profil

Cursor AX{um) A {nm) Angle({deq)
B Red 1.099 -3.497 -0.182
I Green 0.766 246.431 17.81
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TVAROVANIE POVRCHU LED

LED pri prude 6 mA

Lokalne zvysenie emisie

~1.4-1.6x

Porovnatelné s
pravidelnou Strukturou
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TVAROVANIE STRUKTUR PRE NANODROTY

Hedhog-like structures
gsdeeEPENS

: e & & 8 -
< N w Y %

Organized NWs Small stack of NWs
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ZAVER DAKUJEM ZA POZORNOST

e  PATTERNING USING NSOM LITHOGRAPHY

e 2D PREDEFINED STRUCTURES FOR ORGANIZED NWS GROWTH

e LED STRUCTURE PATTERNING

e NEAR-FIELD CHARACTERIZATION USING NSOM MICROSCOPY

NSOM - HIGH RESOLUTION LITHOGRAPHY AND MICROSCOPY < 200 nm

Described research was supported by the Slovak National Grant Agency under the projects No. VEGA 1/0491/14 and 1/0278/15
and the Slovak Research and Development Agency under the project No. APVV 0395-12.
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2" International Conference 3D MEASUREMENT AND IMAGING 21°-22" September 2017
Imaging and advanced diagnostic methods in industrial practice Odbordrska 21, Bratislava

PERFORMANCE IN NANOSPACE

Hana Tesaiova '
1 :
Tescan Orsay Holding a.s., Brno

Abstract

TESCAN is one of the global suppliers of scientific instruments. The company is building its reputation and brand name in the field of designing and
manufacturing scanning electron microscopes and system solutions for different applications. With many important patents and innovations some unique
solutions and applications were established with the Scanning electron microscopes and Focused ion beam scanning electron microscopes.
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TESCAN - Timeline of growth and expansion

- 2
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il NV A
SE
i LVSTD
EDX/WDX S|
TOF-SIMS = SPM onfocal

Raman

e
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VEGA - Application Examples

®m Austempered Ductile Cast Iron — Fracture Surface

- 5
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Tilt -10°

VEGA - Application Examples

®m Austempered Ductile Cast Iron — Fracture Surface

TESCAN with MEX
software




MIRA - Application Examples

® Silica powder

SEM HV: 20.0 kV WD: 8.03 mm MIRA3 TESCAN
View field: 3.43 ym Det: SE, BSE
HiVac SM: RESOLUTION Performance in nanospace
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MIRA - Application Examples

® Ceramic sample — ZrO2 wires ® Inconel - Fracture surface

- 8
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MAIA - Application Examples

® Silicon substrate with nanocrystalline diamonds with Si vacancies

In-Beam SE detector for high topography In-Beam BSE detector for pure material Mid-Angle BSE detector for both
contrast (2 kV). contrast (2 kV). material and topographical contrast
(2 kV).
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MAIA - Application Examples

®m Carbon fibers with silver nanoparticles

In-Beam SE detector for high topography In-Beam BSE detector for pure material Mid-Angle BSE detector for both
contrast (1 kV). contrast (1 kV). material and topographical contrast
(1 kV).
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S8000G - BrightBeam™ SEM Column

®  Ultra High Reslution Field-Free SEM

+ Excellent imaging at low energies

®  High Performance Field-emission Electron gun

« 10x faster changes of acceleration voltage

*  Probe current up to 400 nA

®  EquiPower™ Technology

« Constant power dissipation for high stability

®  In-Flight Beam Tracing ™

« Accurate real-time computation of optical parameters

®  Wide Field Optics

« Variety of imaging modes

+ Large field of view imaging
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S8000G - High Resolution Imaging at Low kV 'GP

Combined electrostatic-magnetic lens enables field-free ultra-
high resolution imaging

Resolution specs:
15 kV 0.9 nm (field-free)
1 kV 1.7 nm (field-free)
1 kv 1.4 nm (BDM)

Electron Beam Energy:
50 eV to 30 keV

’ ~
¥y 2 A
down to 0 eV with manual BDM oy 1stem 1ogum | 200mm

Axial detector HiVac

TiO, nanotubes, 500 V field-free

Auon C, 1kV, field-free
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S8000G — Detection system
Axial Detector \ / Multidetector

SE (BDM), SE Filter Grid - SE x BSE

E-T detector \ / BSE-LE detector
4 detectors and 9 signals to explore! . |

Topographical BSE SE (booster off) Wido-angis BE )




Multidetector

Detection system -

Filter grid ON
Filter grid OFF 2t

——

SE and BSE SELECTION BY FILTERING Li battery cathode
WITH A MULTIDETECTOR
Grid OFF = SE signal Grid ON = BSE signal

i

Resolution, topography, Material contrast
typical edge contrast
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S8000G — Wood - Taxus

g ¢

500V 3.00 kx 141 pm 500V 25.2 kx

500V E-T Detector 500V E-T Detector
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S8000G — High-Speed Steel — Ferromagnetic sample

28.3 kx 10.0 pm 10.0 kv 56.6 kx 5.00 ym

10kV E-T Detector 2kV E-T Detector 10kV Multi-Detector




S8000G - Orage FIB Column

® Next Generation FIB Column Design
= Improved low energy resolution for ultra-fine machining
B Beam current up to 100 nA for large volume milling

® Smart column alignment
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Integrated Circuit - 15 pm Polished Cross-Section (done in 4 minutes)

Sl et Y S MEET P

e Lai

| S

5kV E-T detector 2kV E-T detector
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S8000G - Iron Powder — High Speed Crossection

30kV FIB Image E-T detector 30kV FIB Image E-T detector
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TESCAN Essence™ software

Simplified GUI

Application specific layout
Layout manager for image
windows
Workflow-oriented wizards
DrawBeam for live & static window
Chamber view

3D collision model

Quick search box
SEM/FIB undo-redo
Report template editor

Easy-to-learn for all users
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TESCAN Essence™ software
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Dual Beam Systems - Ga*, Xe*

COBRA FIB column

IFIB plasma column .

Analytical Analytical eI
Performanc Performanc
1.2nmat 15 1.2nmat 15
kv kv
High I High
Resolution Resolution
0.7nmat 15 0.7nmat 15
kv kv
® Gat*ions m Xe'*ions
® High resolution: 2.5 nm @ 30 kV ® High resolution: 15 nm @ 30 kV
® In-Flight Beam Tracing ® Continuously adjustable current up to 2 uA
® Probe current control ® Probe current control

® Spot size computation ® Spot size computation
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Ga*, Xet

Cross-sectioning Volume

A

Pillars for mechanical TEM lamella lon Beam
oreparation natterning
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+
e R s e
InAs layer
A y

® |l InAs/GaSbh superlatice (T2SL) structrure on GaSb substrate
InAs/Ga
As

SL
layers

v

MAG: 1000 kx Date(m/dly): 10/17/16 FERA3 TESCAN

View field: 0.276 pm XEIA3 GMU 50 nm Performance in nanospace 110
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Gat

® |l InAs/GaSb superlatice (T2SL) structrure on GaSbh substrate

SEM HV: 30.0 kV Det: STEM-BF
View field: 0.200 pm WD: 5.69 mm
SEM MAG: 1038 kx | SM: UHR CrossFree

I | GAIA3 TESCAN

50 nm

Performance in nanospace

SEM HV: 30.0 kV Det: STEM-BF
View field: 0.208 pm WD: 5.69 mm
SEM MAG: 2000 kx SM: UHR CrossFree

} GAIA3 TESCAN

50 nm

Performance in nanospace

R
RS e
X InAs layer

— SL
20 nm n-InAs:Si
i-GaSb (2.90 nm)
X 40 .
n-InAs:Si (2.77 nm)
i-GaSb (2.90 nm)
x 60 . .
i-INAs:Si (2.77 nm)
X 40 p-GaSh:Be (2.90 nm)
i-InAs (2.77 nm)
1000 nm p-GaSb
500 nm I-GaShb
2 inch GaSb substrate
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Xet

® Hardcoating for aircraft turbine blade - cross-section

Hard material
layer on gray
cast iron

SEM HV: 10.0 kV WD: 8.88 mm FERA3 TESCAN

View field: 377 ym Det: BSE
HiVac SM: RESOLUTION Performance in nanospace

Detailed image of the hard coating
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+
Xe

® Cross-section of 2000 years old Romanian coin O

® Trench milling at 2 pA with silicon mask, 10 minutes
113
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Xet

® Cutting tool — boron nitride cross-sections

® Trench milling — 15 minutes at 2 uA with the silicon mask |

|

SEM HV: 10.0 kV WD: 9.14 mm FERA3 TESCAN

View field: 1.00 mm Det: SE 200 uym

[ | Rough pOIiShing - 25 minutes at 300 nA HiVac SM: RESOLUTION Performance in nanospace

. _—_ : ® Large delamination in cutting tool
® Final polishing — 20 minutes at 100 nA
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+
Xe

® Cutting tool — boron nitride cross-section
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Gat

® Wood - Taxus — 3D tomography = = =

.

L
-

15x15%x15 pm3 with 20 nm pixel size ~
Trench: 17 nA current — 13 minutes
FIB slicing: 820 pA — 1.52 hours
SEM imaging 41 minutes

Total time: 2.33 h

SEM HV: 5.0 kV WD: 9.00 mm

View field: 85.5 pm Det: SE
SM: RESOLUTION HiVac

SEM HV: 5.0 kV
View field: 73.2 pm
SM: RESOLUTION

ol .

WD: 9.03 mm
Det: SE
HiVac

33
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Ga*
® Wood - Taxus — 3D tomography - =

Min strain

Max strain

_ I [ T 1T .
min Strain max Ga*
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+
Xe

® Hall probe from planar lamella preparation

F = q[E + (v X B)]

®m Hall voltage is produced by charge accumulation on sidewalls
®m Charge accumulation balances Lorentz Force

® Charge accumulation increases resistence

SEM HV:10.0kv | WD:15.00mm | ) ) ||| XEIA3 TESCAN ® Image of the Hall probe prepared by Plasma FIB.

View field: 250 pm Det: SE
Hivac ‘ SM: FIELD Performance in nanospace Total preparation time: 3 hours
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+
Xe

® Hall probe from planar lamella preparation
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+
Xe

= Array of identical micro-cantilevers for high temperature fracture testing

—

® Magnesium sample 120
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Gat

® Micro/Nano Patterning

WaEEE
HEEE

HEEE
LR

SEM HV: 5.0 kV WD: 5.00 mm i LYRA3 TESCAN
View field: 45.0 ym Det: InBeam SE 10 ym
HiVac SM: RESOLUTION

m SiC Wafer

A

220
nm

165 nm

B Glass substrate with Au B Glass substrate with Al
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ADVANCED TECHNIQUES
3D EDX and EBSD
TOF-SIMS
AFM
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3D EDX and EBSD

TESCANSs Unique Static 3D EBSD +3D EDS Acquisition

123



Advantages of Simultaneous EBSD+EDS (especially in 3D)

® Phases with similar crystal structure are
sometimes difficult to distinguish only using
EBSD

® EBSD phase identification with the help of EDS

reference spectra can be set (Ol TruPhaseTM )

® Online EBSD identification aid with the use of
EDS data is benefitial especially for 3D EBSD

®m EDS data can be stored together with EBSD for

additional 3D data information

Example of possible phases in solder bump Cu and Nickel has similar f.c.c. grid
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Simultaneous 3D EBSD + 3D EDS
®m Solder Bump

= Comparison of different phase analysis techniques: a) EDS map using TruMap™ deconvolution b)
EBSD identification without using the EDS signal and ¢) TruPhase™ mapping result with reference
spectra used for phase identification correction on phases with a similar crystal latice
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Simultaneous 3D EBSD + 3D EDS

® Combined 3D EBSD and 3D EDS reconstruction of a 90 um solder bump

® Tin phase shown in IPF-Z mapping (EDS - red), Copper (EDS - orange) and Nickel (EDS - green)
isofurfaces extracted from 3D TrueMap™ data

® Visualized using ParaView 126



3D Measurement and Imaging — Imaging and Advanced Diagnostic Methods in Industrial Practice -

Ga* FIB vs. Xe* PFIB for 3D EDS and 3D EBSD

= What can be acquired in a

reasonable amount of time?

® 3D EBSD of 90 uym solder bump acquired on ® 3D EBSD of 250 pym solder bump acquired

Ga* FIB (over a weekend) on Xe* FIB (over a weekend)

44
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3D EDX

® Study of Volcanic Rock Sample

3D EDS Volume
Reconstruction:
Volume: 20x20x2,1 um
Slice thickness: 300 nm
Slice time: 7.5 min

EDS map of a single slice 20x20 um

Y A
SEM HV: 10.0 kV WD: 8.99 mm ‘ LYRA3 TESCAN
SEM MAG: 1.21 kx Det: InBeam BE 50 pm

-
View field: 285 ym  Date(m/dly): 01/27/16 Jonkoping University "




3D Measurement and Imaging — Imaging and Advanced Diagnostic Methods in Industrial Practice

3D EBSD

= Duplex Stainless Steel

L $ . r
X i f LR i

Ga*

Slicing setup:

FIB current: 1.4 nA
Slice thickness: 100 nm
Slicing time: 2.1 min
Number of slices: 100

Total acquisition time: 14.5 h

SEM HV: 20.0 kV WD: 9.13 mm LYRA3 TESCAN
SEM MAG: 2.55 kx Det: InBeam BE 20 pm

[==]
View field: 136 ym | Date(m/dly): 01/28/16 Jonkoping University .'

Pillar preparation — 1.5 hours
with 23nA beam

Pillar size 25x25x10 um
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3D EDX and EBSD Xe*

® Zn Coated Steel

® Tungsten deposition (50x50 pm?)
® Cubic sample was prepared by 3 trenches milling, undercut - 300 nA cca 1.5 hour
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IPF map
3D EDX and EBSD Xe*
® Zn Coated Steel IPF+1Q map
= SEM: (HV: 20 kV, Current: 6 nA)
= EBSD: (Step: 250 nm, Acquisition time: 1Q image

10 min x 133 slices = 22 hours)

= 3D tomography process:

« Number of slices: 133
 Slice thickness: 100 nm

« Total volume: 60x50x13 pm3 ==
» Beam current for slicing: 30 nA Phase map

« Time for FIB slicing: 30 s x 133
slices = 1 hour

Total acquisition time: 23 hours
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3D EDX and EBSD Xe*
® Zn Coated Steel

— processed by Dream 3D and ParaView softwares -
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TOF-SIMS L

® |onisation by FIB (No need of another source) -

® Secondary lons are detected -
B lons are separated according to their m/Q

® Time of Flight is measured

®m Positive or negative ion mode

3 2 Ll ressliien |© U (Ga")
1 < 60 nm (Xe*)

Depth resolution

< 3 ppm (Ga')
Detection limit < 1.5 ppm
(Xe*)

SEM Chamber (103 - 10 pA - >800 (>
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TOF-SIMS

® Micro- and nanoparticles analysis (Si, Al impurity on Si wafer)

Q@2pm 288 _ '°0" FIB SE Image

0,08

Hm

0,06

0,04

5 10 0
X [um] pm

00.5um 27 090 nm| o7
+

FIB SE Image

Hm

2 4 o 0, 0 0,6 0,
X [um] yim 134
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TOF-SIMS

® Micro- and nanoparticles analysis (U)

BSE signal BSE signal

238

23814160
+
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TOF-SIMS

= Li battery
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TOF-SIMS

® Organic contamination on silicon AFM tip

SE signal

'IZCZ-

160-
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TOF-SIMS

® Study of metal grain boundaries

48Ti+
B
=
+
10 20
X [pm]
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TOF-SIMS

® Topography measurement by AFM

CPEM (Topography + BSE)

1.6 ym
0.0 um

27A|
+
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TOF-SIMS

® Analysis on cross-section (corroded inclusion in metal surface)

160 19F-

23Na 35CI- 39K+ 520+

0,03

0,02

0,01

0,00

5
X [um]
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TOF-SIMS

® Analysis on lamella (corroded inclusion in metal surface)
160- 19F—

52Cr+

0,10

Y [um]

0,00
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Thank you for your attention
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COMBINED LASER AND PHOTOGRAMMETRIC MEASUREMENT FROM THE AIR AND FROM THE GROUND

Marko Pasko !
1X3D

Abstract
Combined laser and photogrammetric airborne, mobile and terrestrial measuring
Author: Ing. Marko Pasko, Expert for 3D Landscape, spol. s r.o., Slovakia, www.x3d.sk

Key words:

- Riegl LMS - airborne, mobile, UAS and terrestrial laser scanning and mapping systems

- Vexcel Imaging - airborne, mobile and terrestrial digital photogrammetry and mapping systems
- 3D mapping and data acquisition

- advantage of combination / data fusion from multiple sources,

- outputs from complex mapping systems,

- detailed high density data

- processing software

In this presentation will be provided answers to questions: - Why to use for 3D data acquisition or mapping the laser and photogrammetric technologies? -
Why to combine laser and photogrammetric data acquisition? - Why to combine airborne and mobile data?

We will preview most advanced solutions in laser scanning and digital photogrammetry using examples of the newest products of Riegl Laser Measurement
Systems and Vexcel Imaging. As conclusion we summarize most important factors for successfull implementation of 3D mapping solutions in professional
work.
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Kombinované laserove a
fotogrametrické meranie
20 vzduchu a zo zeme

- laserové a fotogrametrické technologie na 3D meranie
RIEGL Laser Measurement Systems VEXCEL Imaging
(1
VJA.!

- distributor pre SR: Expert_for_3D_Landscape, spol. s r.o.,
www.x3d.sk

Konferencia 3D meranie a zobrazenie, Ing. Marko Pasko,
Bratislava, 21.-22.9.2017 Expert_for 3D Landscape, spol. s r.o.



Témy:

1. Preco vyuzivat na zber priestorovych dat, resp.
mapovanie laserové a fotogrametrické technologie

. Preco kombinovat laserovy a fotogrametricky zber dat

. Preco kombinovat data zo vzduchu a zo zeme

. RieSenia Riegl

o ~ W N

. Riesenia Vexcel Imaging
6. Rozhodujuce faktory pre nasadenie v priemyselnej praxi

Konferencia 3D meranie a zobrazenie, Ing. Marko Pasko,
Bratislava, 21.-22.9.2017 Expert_for 3D Landscape, spol. s r.o.
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1. Preco vyuzivat na zber priestorovych dat / mapovanie
laserové a fotogrametrické technologie

- obe technologie
vysoky potencidl automatizacie, bezdotykové

moznost vyuzitia dynamického snimania s ¢asovou synchronizaciou

vysoka hustota + presnost dat

kalibrovatelné

- fotogrametria
- tradicna mapovacia metdda dlhodobo, plosné snimanie s prekrytom
- dobra dostupnost senzorov / digitdlnych kamier, lacnejsia

- laserové skenovanie
- novsSia mapovacia metdda, bodové snimanie lucom s viacnasobnym odrazom

- vyssia cena — rychly pokrok vo vyvoiji, viac robotizacie
Konferencia 3D meranie a zobrazenie, Ing. Marko Pasko,
Bratislava, 21.-22.9.2017 Expert_for 3D _Landscape, spol. s r.o.
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2. Preco kombinovat laserovy a fotogrametricky zber dat

- donedavna - 2D GIS, papierové mapy, digitalizované starsie kartografické diela

- bezné su 3D rastrové data DTM/DHM s rastrom 100m, resp. manudlne
vyhodnocované databazy budov

- dostupné data obsahovo nevyhovuju dnesnym potrebam - moderné priemyselné
aplikacie (autondmne dopravné systémy, monitoring kvality liniovych stavieb,
krizovy management, ochrana Zivotného prostredia, poistovnictvo, kriminalistika)
potrebuju na automatizaciu procesov aktualne a kvalitné data s vysokou hustotou

- Zber dat ma svoju cenu, preto by sa mal vykonavat efektivne:
automatizovane, bezdotykovo (jeden operator namiesto stoviek meracov)

v kratkom case, najlepsie dynamicky (skratenie trvania zberu dat)

s vysokou hustotou + naraz viac senzorov / doplnujtcich sa technoldgii

s vysokou presnostou, homogénne na kalibrovanych meracich systémoch

Konferencia 3D meranie a zobrazenie, Ing. Marko Pasko,
Bratislava, 21.-22.9.2017 Expert_for 3D _Landscape, spol. s r.o.
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3. Preco kombinovat data zo vzduchu a zo zeme

- Kvoli potrebe viditelnosti objektov z r6znych stran (z hora, zo zeme, znutra)

- Vzajomne prevratena hierarchia medzi poctom danych typov nosicov a mnozstvom
zameranej plochy:

Specializovany meraci nosic zamerané plocha
Lietadla: malo vhodnych meracich lietadiel celostatne, celé kraje, celé okresy, velkoplosny zber
Auta: meracie vozidla pomaly pribudaju, bude celé kraje, celé okresy, celé mesta, liniovy zber

v buducnosti kazdé auto bude meracie vozidlo?
UAS: rychlo pribuda pocCet meracich dronov mensie mesta, lokality, lokalny plosny aj liniovy zber

Clovek: teoreticky kazdy, ked foti, zbiera data bodovy zber dat, mensia plocha vysoko detailne

- Délezité pre analyzu chyb a automatizaciu:
- redundantnost dat
- treba kombinovat 2 vzajomne nezavislé metddy

Konferencia 3D meranie a zobrazenie, Ing. Marko Pasko,
Bratislava, 21.-22.9.2017 Expert_for 3D _Landscape, spol. s r.o.
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4. Riesenia RIEGL Laser Measurement Systems
Vsestranné riesenia:

* Terestrické:

- VZ-400i ... dosah 800m, presnost 5mm,
georeferencovanie v realnom case, cloud
- VZ-2000i ... dosah 2000m, presnost 10mm
* Mobilné:
- VMIX(450)-1HA ... mobilné presné skenovanie,
- VMQ-1HA ... light-verzia s 1 skenovacou hlavou
* Letecké + UAV:
- VUX-1 ... 3 rozne hlavy + RiCopter / VP1
- VQ-880-G, -GH ... topo-hydro mapovanie
-VQ 1560i ... city mapping, velkoplosné mapovanie, dualny skener

Konferencia 3D meranie a zobrazenie, Ing. Marko Pasko,
Bratislava, 21.-22.9.2017 Expert_for 3D _Landscape, spol. s r.o.

<-uzajvSR
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http://www.riegl.com/nc/products/terrestrial-scanning/produktdetail/product/scanner/48/
http://www.riegl.com/nc/products/terrestrial-scanning/produktdetail/product/scanner/58/
http://www.riegl.com/nc/products/mobile-scanning/produktdetail/product/scanner/53/
http://www.riegl.com/nc/products/mobile-scanning/produktdetail/product/scanner/52/
http://www.riegl.com/uploads/tx_pxpriegldownloads/Infosheet_VUX-1serie_2016-05-30_02.pdf
http://www.riegl.com/products/unmanned-scanning/riegl-ricopter/
http://www.riegl.com/nc/products/airborne-scanning/produktdetail/product/scanner/47/
http://www.riegl.com/nc/products/airborne-scanning/produktdetail/product/scanner/46/
http://www.riegl.com/nc/products/airborne-scanning/produktdetail/product/scanner/55/
https://www.youtube.com/watch?v=aXDioiarNpk
https://www.youtube.com/watch?v=aXDioiarNpk

5. Riesenia Vexcel Imaging

fotogrametricke technolégie na 3D mapovanie - doraz na fotogrametriu

Leteckeé rieSenia: — letecky zber dat Specializovanym meracim lietadlom
Flexibilné — vymenitelné objektivy UC Eagle Mark 3, najvacsia Sirka zaberu 26460 px
Sikmé snimkovanie — UC Osprey Mark 3 Premium
Konkurencia satelitnym senzorom — UC Condor Mark1 — 38000px
Mobilné riesenia:
UltraCam Mustang — mobilny zber dat autom

Pochodzne riesenia:
UltraCam Panther — zber dat peso clovekom

Jedno softverove prostredie UltraMap — softver na kompletné automatizovane
spracovanie zo vsetkych druhov senzorov UltraCam

Konferencia 3D meranie a zobrazenie, Ing. Marko Pasko,
Bratislava, 21.-22.9.2017 Expert_for 3D _Landscape, spol. s r.o.
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http://www.vexcel-imaging.com/products/ultracam-eagle/
http://www.vexcel-imaging.com/products/ultracam-osprey-m3-premium/
http://www.vexcel-imaging.com/products/ultracam-condor/
http://www.vexcel-imaging.com/products/ultracam-mustang/
http://www.vexcel-imaging.com/products/ultracam-panther/
http://www.vexcel-imaging.com/products/ultramap/

VEXCEL

IMAGING

Minuly rok prezentované mobilné rieSenie:
UltraCam Mustang

na pozemny mobilny zber

georeferencovanych obrazovych dat

Konferencia 3D meranie a zobrazenie, Ing. Marko Pasko,
Bratislava, 21.-22.9.2017 Expert_for 3D _Landscape, spol. s r.o.
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http://www.vexcel-imaging.com/products/ultracam-mustang/

UC Mustang

VEXCEL

- na pozemny mobilny zber georeferencovanych obrazovych dat IMAGING
- Max. rychlost zberu az 120 km/h

- Panoramatické zabery 360° vo vysokom rozliseni

- Presné vzajomné nadvazovanie vdaka LiDARovym datam

- Presna poloha a naklony vdaka integrovanému GNSS/IMU

- Kompletne kalibrované

- Osvedcené a spolahlivé rieSenie — uz nazbieralo viac ako 5 milionov km

- Jednoduchy postprocessing v softvéri UltraMap Terrestrial Essential

Konferencia 3D meranie a zobrazenie, Ing. Marko Pasko,
Bratislava, 21.-22.9.2017 Expert_for 3D Landscape, spol. s r.o.
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vystupy z UC Mustang

- Georeferencované panoramatické snimky

VEXCEL

IMAGING

- Georeferencované mracna bodov

- Georeferencovana trajektoria

- Kalibracné parametre

- Presnost po postprocesingu +- 2cm

- Hustota obrazovych dat 8 snimok za sekundu z 9 kamier,
spolu 54 Mpix

- Hustota laserovych dat 700000 bodov za sekundu
zosynchronizovanych s obrazovymi datami

Konferencia 3D meranie a zobrazenie, Ing. Marko Pasko,
Bratislava, 21.-22.9.2017 Expert_for 3D Landscape, spol. s r.o.
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VEXCEL

IMAGING

Dokonalé snimkové panoramy s vysokym rozliSenim, exportovatelné aj pre cave

Moznost priameho 3D merania na presne
georeferencovanych datach

Konferencia 3D meranie a zobrazenie, Ing. Marko Pasko,
Bratislava, 21.-22.9.2017 Expert_for 3D _Landscape, spol. s r.o.
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http://www.vexcel-imaging.com/products/ultracam-mustang/
http://www.vexcel-imaging.com/products/ultracam-mustang/

VEXCEL

IMAGING

Novinka - pochddzne rieSenie:
UltraCam Panther

PANORAMIC HEAD

resolution: O X

’ Field of view: Number of
na pozemny zber 360° o o) SATatas:
full spherical coverage [/ﬁ‘é‘\_} 26
georeferencovanych obrazovych dat T = I
Came ge ,‘[D O m’( o M g

&, frame rate:
172 Megapixels o 1.5 frames per second
\ /
Camera video m Maximum video
resolution: o frame rate:
43 Megapixels 30 Hz*

Konferencia 3D meranie a zobrazenie, Ing. Marko Pasko,
Bratislava, 21.-22.9.2017 Expert_for 3D Landscape, spol. s r.o.
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http://www.vexcel-imaging.com/products/ultracam-panther/
http://www.vexcel-imaging.com/products/ultracam-panther/
http://www.vexcel-imaging.com/products/ultracam-panther/

DR

Priklad: idealna kombinacia - spolo¢né vyuzivanie zdrojovych zariadeni v lietadlach
- Riegl LMS Q1560i + Vexcel UltraCam Eagle Mark 3
- Setri peniaze — cast technologii spolocne zdielana

Konferencia 3D meranie a zobrazenie, Ing. Marko Pasko,
Bratislava, 21.-22.9.2017 Expert_for 3D _Landscape, spol. s r.o.
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http://www.riegl.com/nc/products/airborne-scanning/produktdetail/product/scanner/55/
http://www.vexcel-imaging.com/products/ultracam-eagle/

6. Zhrnutie — rozhodujuce faktory pre uspesné nasadenie rieseni
v priemyselnej praxi

- Vyzretost rieSeni — sktisenosti zaloZzené na dlhodobom vyvoji HW a SW

- Moznost prepojenia s inymi komplementarnymi Standardizovanymi senzormi

- Vysoka automatizacia procesov + naviac kvalitné analytické nastroje (one-click ale aj
manualne)

- vsSestrannost technoldgie schopna spracovat v jednej technologickej linke data
ziskané vsetkymi 3 zdrojmi — letecky, autom a aj pesi

To vietko spifiaju riedenia RIEGL LMS a VEXCEL Imaging.

Dakujem za pozornost. Viac na www.x3d.sk

Konferencia 3D meranie a zobrazenie, Ing. Marko Pasko,
Bratislava, 21.-22.9.2017 Expert_for 3D _Landscape, spol. s r.o.

157


http://www.x3d.sk/
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CHALLENGES IN 3D SCANNING

Jan Zizka'
! CEO, Photoneo - Focused on 3D

Abstract

The ability to accurately localize objects in an observed scene in 3D is critical precondition for many practical applications including automatic
manufacturing, quality assurance, or human-robot interaction. We discuss why localization in 3D is hard and show several real-life examples.
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Photoneo

Why localization in 3D is hard

Jan Zizka, CEO



Photoneo - Intro

Slovak based company

4 years old

Manufacturing 3D Scanners
Developing 3D Camera

3D processing software
Focus on automation



Our team: 46 people

Jan Tomas Michal Brano
CEO CTO COO Business Director
PhD in Machine Computer Vision PhD in Six Sigma Black Belt
Vision guru Al/Machine & Sales master
Learning






[Localization - definition

e I[nput
o Pointcloud
o CAD model of the part
m Or3Dscan

e Task

o Exactlocation & orientation of the object
o Rigid vs Non-rigid



Examples - metal sheets




Examples - screws




Applications




e e e
Bin Picking
e Randomly placed & crowded

e Occlusions
e Collision detection





http://www.youtube.com/watch?v=hthdcTOLkyE

Alignment / Relative position




Alignment / Relative position

e |ocateA
e LocateB
e Check relative position & orientation



Robot Path Correction




Robot Path Correction - Example




More applications




Examples - needles




Examples




Examples




Examples




Examples




Examples




Examples




Limitations - Scan quality




Limitations - Bending




Limitations - Self similarity -
translation




Limitations - Self similarity - rotation




Solutions

e Focus on Surfaces
e Butalso Edges

e Add Machine Learning 4
e Non-rigid alignment g y
o
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METHODS OF EXAMINING THE CONDITION OF WORKS OF ART IN THE CURRENT CONDITIONS OF
COLLECTOR INSTITUTIONS

Veronika Gab&ova !, Branislav Horiiak’
1 SNGQG, Bratislava
2 SNG, Bratislava

Abstract

Digital era use of current non-destructive methods in analysis of artwork condition. The application of research and the monitoring of the condition of
artwork is essential in the practice of conservators, restorers, curators. From collected results we summarize the most important information about the
artwork condition, so we can exactly define further professional procedures for research and protection. We will introduce you to our experience of using
digital technology, the possibilities of methods and research are extensive, combined and interpreted.
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SNG

Methods of examining the condition
of works of art in the current
conditions of collector institutions

akad. mal. Veronika Gabcova PhD.

Mgr. Branislav Hornak



... how to use digital technology and
data ...
... what reveals the digital era in the
protection of cultural heritage ...



Digital era

use of current non-destructive methods in analysis of
artwork condition

the application of research and the monitoring of the
condition of artwork is essential in the practice of
conservators, restorers, curators

from collected results we summarize the most
important information about the artwork condition,
so we can exactly define further professional
procedures for research and protection

we will introduce you to our experience of using
digital technology, the possibilities of methods and
research are extensive, combined and interpreted
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Development in everything



Optical instruments

Monitor microscopy 2007 Monitor microscopy 2015
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Optical instruments analysis



Instruments in the field of ionizing radiation

194



Research using X-ray

195



.....immediate information...

196



Immediate information
Non-destructive research

197



Mapping the research and the process
of restoration interventions



Forensic diagnostics




Forensic diagnostics for screening on-site



Allows flexibility in on-site and off-site




Non-destructive research in the spectra
Digital

UV spectrum post-processing



..... degradation of paper ....



... highly active mold visible to the
naked eye ...



Digitalization of 2D artwork
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LARGE FORMAT SCANNER

Device parameters:

trilinear sensor

14200 (x cca 47000) pixels
200 — 2000 ppi

scan 1:1

max. 1500 x 2500 x 200 mm
changeable focus plane

Original Lighting System:

« Real color
« the possibility of
calibration and profiling
« Parameter stability

« ariable lightning
scattered light
directional light
variable angle of
illumination







FULL IMAGE DETAIL
Original size — 106 x 162 mm Scan resolution — 2000 ppi
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Scan Result - MASTER

MASTER

« unedited scan

« without additional edits
o advisory scales

o identifier

Technical parameters:

o TIFF uncompressed

« RGB 48 bit

o 1:1 at given resolution
embedded device profile

e scanner settings saved in
metadatas
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Enhanced Surface Capabil