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

 
Dušan Chorvát 1, Tibor Teplický 2 

1
 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.  
 
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 & Hickl 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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Fig 1 : Collagen matrix in rat aorta imaged by second 
harmonic generation microscopy (left) compared to 

transmitted light imaging (right). 
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The future of machine vision cameras 
in embedded Applications

Christoph Noth|Sales Manager EMEA 
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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
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Allied Vision-
Who we are?
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The Right Camera for Each Application
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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/space150
Times Square, NYC 
giant interactive 
billboard
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Our Success-Story

1989 Company founded as M. Sticksel CCD-Kameratechnik GmbH (Sony distribution)

1996 Production facilities opened in Stadtroda, Germany

2000 Acquisition by Augusta Technologie AG

2001 Renaming to Allied Vision Technologies 
R&D center opened in Ahrensburg, Germany

2002 Launch of Dolphin, first Allied Vision-developed and Allied Vision-built camera

2006 Allied Vision Technologies, Inc. opened in Newburyport, MA (USA)

2008 Acquisition of Prosilica, Inc. in Burnaby, BC (Canada)

2010 Prosilica, Inc. renamed Allied Vision Technologies Canada Inc. 
Allied Vision Technologies Asia Pte. Ltd. opened in Singapore

2011 Acquisition and integration of VDS Vosskühler GmbH in Osnabrück, Germany. Entry into the 
infrared market

2012 Allied Vision Technologies (Shanghai) Co. Ltd. opened in Shanghai, China

2014 New branding to Allied Vision

2015 Allied Vision becomes a member of the TKH Group
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A Global Player

Canada:
Burnaby, BC

USA:
Newburyport, MA
Exton, PA

Germany:
Stadtroda, 
Ahrensburg
Osnabrück

Singapore

China:
Shanghai

8 locations worldwide

Distribution partners in 
more than 30 countries

8



The advantages and disadvantages
of designing a machine vision
camera based on ASIC technology
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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.”
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General ASIC vs FPGA overview - this sums it up nicely

FPGA ASIC

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

13



Effort required to develop an ASIC

Market Analysis
Final ASIC

ASIC Design

• Architecture Specification
• CODE Generation
• Synthesis
• Pre-Layout Verification
• Design Implementation
• Physical Implementation
• Post-Layout Verification
• Physical Verification
• Post-Layout Review

ASIC Production

• Mask Tooling
• Fabrication
• Wafer Sort
• Assembly
• Final Test
• Chip Qualification
• Chip Characterization
• Chip Reliabilty
• Corner Split

14
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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

FPGA based camera ASIC based camera

Power consumption High Low

Unit size Medium Small

Costs Higher unit costs / Low NRE Low unit costs / High NRE

Feature level Oversized Dedicated to application

Time to Market Fast Slow

Perfomance Lower High
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SE
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PROCESSOR

PC 

FRAMEGRABBER

Pre-Processing

Image Processing Host Processing

ASIC based machine vision Architecture

A
SI

C

USB
GigE

CSI

Embedded Board

Advantages
• Lower camera componet price
• Less CPU load on host side
• Less power consumption
• Higher perfomance
• !!! New Interface: CSI !!!
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What is MIPI CSI-2 and why is it a 
relevant Interface for machine
vision?
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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. 
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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

CSI-2 D-PHY USB3.0 USB 3.1 GigE Vision

Bandwidth
Up to 2.5Gbit/s per lane
4 lanes up to 10GBit/s

5GBit/s 1GBit/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

Availability on embedded boards High
Limited

(only high-end)
Limited 

(only high-end)

22



Adopters of CSI-2 – Embedded boards & CoM

• Broadcomm 64bit QuadCore ARMv8

 Raspberry Pi Zero (10€) (CSI-2…yes we can ☺…)

 Raspberry Pi 3 model B (35€)
• 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
• CSI camera port for connecting a Raspberry Pi camera
• DSI display port for connecting a Raspberry Pi touchscreen display
• 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 (85€)

!!! Issue 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 (500€)

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)

27



Characteristics of embedded vision systems (low power/size/runtime 
cost; high effort/upfront development cost)

Does size and weight matter?

Application

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?

YES

YES

YES

YES

NO

NO

NO

NO

Design Costs < Recurring CostsDesign Costs > Recurring Costs

Embedded System PC-based System
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Thank You/Q&A 
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DELIVERING INLINE METROLOGY WITH FACTORYSMART® SENSOR TECHNOLOGY 
 

Christian Benderoth 1 
1
 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. 
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DELIVERING INLINE 
METROLOGY WITH 
FACTORYSMART SENSOR 
TECHNOLOGY

Christian Benderoth
Managing Director / Regional Development Manager

21 September, 2017

2nd International Conference 3D Measurement and Imaging 
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110,000+ sensors
in the field  

QUICK FACTS

2

100+ patents 
and 220+ 
employees

39+ years experience
1978 – Present

Owned by TKH Group

One of our 
Selcom

displacement 
sensors 

developed in the 
1970s

2ND INTERNATIONAL CONFERENCE 3D MEASUREMENT AND IMAGING 
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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

3

Vancouver, 
Canada 

Headquarters
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GLOBAL PRESENCE

4

BASED IN VANCOUVER

60+ DISTRIBUTORS
IN 40+ COUNTRIES

8 REGIONAL OFFICES

34

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
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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

6

CHIP LEVEL 
ENGINEERING
We design and 
deliver proven 

technologies at the 
lowest cost

SIMPLE USER 
EXPERIENCE
You don’t need to 

be a rocket scientist 
to use our products 

– just point and 
click

PROGRESSIVE
PARTNERSHIPS
We build OEM and 

SI 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?

7
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…



STATE OF METROLOGY

8

Lab environment

Slow

Calibration required
Contact-based

38

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 METROLOGY

9

All about speed

Compact, IP67

No Calibration

Non-contact

39

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

10»2nd International Conference 3D Measurement and imaging 40

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 

11

Mechanical CMM Structures
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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

» Over 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
42

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

13

Metrology InspectionMetrology Inspection

Offline in measuring room, clean and controlled In-line or at-line (if not fast enough), factory 
environment introduces lots of variation 
(ambient light, vibration, temp, dust, water, oil, 
etc.)

Metrology Inspection

Offline in measuring room, clean and controlled In-line or at-line (if not fast enough), factory 
environment introduces lots of variation 
(ambient light, vibration, temp, dust, water, oil, 
etc.)

Largely contact based using touch probes Always non-contact based using lasers or 
structured light

Metrology Inspection

Offline in measuring room, clean and controlled In-line or at-line (if not fast enough), factory 
environment introduces lots of variation 
(ambient light, vibration, temp, dust, water, oil, 
etc.)

Largely contact based using touch probes Always non-contact based using lasers or 
structured light

Long acquisition process; takes minutes Short acquisition, short tact/cycle times; take 
milliseconds

Metrology Inspection

Offline in measuring room, clean and controlled In-line or at-line (if not fast enough), factory 
environment introduces lots of variation 
(ambient light, vibration, temp, dust, water, oil, 
etc.)

Largely contact based using touch probes Always non-contact based using lasers or 
structured light

Long acquisition process; takes minutes Short acquisition, short tact/cycle times; take 
milliseconds

Highest level of accuracy; performs GD&T 
analysis and reporting

Performs PASS/FAIL and communicate results 

Metrology Inspection

Offline in measuring room, clean and controlled In-line or at-line (if not fast enough), factory 
environment introduces lots of variation 
(ambient light, vibration, temp, dust, water, oil, 
etc.)

Largely contact based using touch probes Always non-contact based using lasers or 
structured light

Long acquisition process; takes minutes Short acquisition, short tact/cycle times; take 
milliseconds

Highest level of accuracy; performs GD&T 
analysis and reporting

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

Requires regular or frequent calibration No calibration needed!
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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

14

Inline Metrology
In-line, 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

Highest level of accuracy with high repeatability Performs PASS/FAIL and communicates 
results 

No calibration needed!

44

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
» Communicate pass/fail

16

Measurement/Ch
eck Tolerances

Communicate
PASS/FAIL

Create
Height Maps

Collect 3D 
ProfilesScan Part

Distance: 
7.668 

= PASS
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TOWARDS 100% QUALITY CONTROL 

17

At-line 
Random part 
inspection

In-line 100% 
part inspection

Part Inspection

» 2nd International Conference 3D Measurement and Imaging 
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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 

18

◉ Need for speed 
increases

• Acquisition time is short: 
scanning, measuring

• Running in milliseconds 

◉ Size of measuring 
devices become 
smaller (because of 
space constraints)

Trigger

Decision 
Point

» 2nd International Conference 3D Measurement and Imaging 
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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

19

1

1

1

1

2

2

2

2

3

3

3

3

4

4

4

5

53D Point Cloud

Measurement

Decision Output

Time

Parts

» 2nd International Conference 3D Measurement and Imaging 
49

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

20

1. Trigger

4. Decision Point

2. 3D Point Cloud
3. Measurement

» 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

21

» Trigger
» 3D point cloud generation
» Part segmentation
» Part rotation
» Part sectioning
» Measurement
» Pass/fail decision outputs

PC-Accelerated
» Speed up processing times to 

reduce cycle times
» Manage and control multiple 

sensors 
» Stitch multiple 3D point clouds

» 2nd International Conference 3D Measurement and Imaging 
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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 

22

SENSOR
GOCATOR 

ACCELERATOR

PC

» 2nd International Conference 3D Measurement and Imaging 
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FASTER PIPELINED RESULTS WITH ACCELERATOR

23
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Gocator 
Accelerator

» 2nd International Conference 3D Measurement and Imaging 
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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
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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 
 

Dušan Pudiš1, Ľuboš Šušlík2, Ivana Lettrichová3 

1 Dept. of Physics, Faculty of Electrical Engineering, University of Žilina, Žilina 
2 Dept. of Physics, Faculty of Electrical Engineering, University of Žilina, Žilina 
3 Dept. of Physics, Faculty of Electrical Engineering, University of Žilina, Žilina 

 

 

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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Zobrazovanie pomocou 

mikroskopie v blízkom poli a 

litografia v blízkom poli

Dušan Pudiš

Ľ. Šušlik, I. Lettrichová
Dept. of Physics, Faculty of Electrical Engineering, University of Žilina, Slovakia
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Blízke pole 
periodickej LED

PhC NSOM

NSOM 
mikroskopia

NSOM 
litografia collection modeillumination mode

photonic crystal
structure

near-field scanning optical microscope

Kľúčové slová

Blízke pole LED
s predefinovanou 

štruktúrou

LED povrch GaP 
nanodrôty

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

Morská myš
Páv

Parides sesostris
(3D inverzný opál)

L. augustus
(3D diamantová štruktúra)

Morpho Tmesisternus isabellae
(mokrý/suchý)

FOTONICKÉ KRYŠTÁLY V PRÍRODE – 1D, 2D, 3DMOTIVÁCIA
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Príroda Technológia

Bragg reflector

PhC slabs

3D PhC laser

1D

2D

3D

www.nanoscribe.de (Markus Thiel)

2.5D

3D

2D

1D

FOTONICKÉ KRYŠTÁLY V TECHNOLÓGIÁCHMOTIVÁCIA
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- asi 30% žiarenia sa stráca odrazom naspäť do čipu

- v dôsledku PhC sa vylepší vyviazanie žiarenia

Y. J. Lee et al. Opt. Express 13 (15) (2005) 

Nárast účinnosti vyžarovania Modifikuje sa vyžarovací diagram

J. J. Wierer, Appl. Phys. Lett. 84, 3885 (2004)

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

LED S FOTONICKÝM KRYŠTÁLOMMOTIVÁCIA
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D. Pudis et al. Appl. Surf. Sci. 269, 116 (2013)
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BLÍZKE A VZDIALENÉ POLE - TEÓRIABLÍZKE POLE

Novotny L, Hecht B. Principles of 
nano-optics. Cambridge University 
Press. New York 2006.SEM obrázok pokoveného hrotu s apertúrou

Blízke pole - pole, kde nedochádza 
k difrakcii (zväčša pre d<<λ)
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N ear-field

S canning

O ptical

M icroscope
vzorka

Optický hrot

Illumination mode Collection mode

NSOM lithography near-field microscopy

Illumination mode Collection mode

v FF mikroskopii – Abbey difrakčné kritérium ~ vlnová dĺžka

v NF mikroskopii – rozlíšenie ~ priemer apertúry

Illumination mode Collection modeIllumination mode Collection mode

NSOM litografia NSOM mikroskopia

1 mm

Optický hrot

PRINCÍP ZOBRAZOVANIA V BLÍZKOM POLIBLÍZKE POLE
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20 mm

Optická sonda, obrázok optický 

mikroskop

Depozícia 

kovu

1.

Optická sonda, SEM obrázok

SONDY PRE BLÍZKE POLEBLÍZKE POLE
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•profile of the optical near-field ~ 
Gaussian shape
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MERANIE VLASTNOSTÍ SONDY - TIP TO TIP SCANBLÍZKE POLE

67



10/24Dušan Pudiš, Dept. of Physics, University of Žilina II. Konferencia 3D MERANIA A ZOBRAZOVANIA, 21 – 22 Sep, Bratislava

• => apertúra
priemer menej
ako 460 nm

 nmwA 4.45.384 

 nmwB 1.37.384 

nmFWHM A 460~

nmFWHM B 460~

MERANIE VLASTNOSTÍ SONDY - TIP TO TIP SCANBLÍZKE POLE
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PhC NSOM

NSOM 
mikroskopia

NSOM 
litografia

Blízke pole LED s 
predefinovaou

štruktúrou

LED povrch GaP 
nanodrôty

Blízke pole LED s 
periodickou 
štruktúrou

SCHÉMA NSOM PRACOVISKANSOM
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Period

Depth320 nm

2,4 µm

Blízke pole LED

Pohľad na sondu a čip

MERANIA BLÍZKEHO POĽA LEDNSOM
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SEM snímky NSOM obrázky

10 % zvýšenie

8 % zvýšenie

MERANIA BLÍZKEHO POĽA LEDNSOM
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AFM povrchu tvarovanej LED

NSOM obrázky

MERANIA BLÍZKEHO POĽA LED S PHCNSOM

72



15/24Dušan Pudiš, Dept. of Physics, University of Žilina II. Konferencia 3D MERANIA A ZOBRAZOVANIA, 21 – 22 Sep, Bratislava

PhC NSOM

NSOM 
mikroskopia

NSOM 
litografia

Blízke pole LED
s predefinovanou 

štruktúrou

LED povrch GaP
nanowires

Blízke pole LED s 
periodickou 
štruktúrou

SCANNING NEAR-FIELD OPTICAL LITHOGRAPHYSNOL
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COATING

substrate

substrate

EXPOSURE

DEVELOPMENT

photoresist

optical

fiber tip

Polomer krivosti hrotu 

(sondy) < 500 nm

Riadenie expozície pomocou PC

fotoresist: AZ 5214 E

hrúbka450 nm

Vlnová dĺžka 473 nm

vývojka: AZ 400K

30 s čas vyvolávania

SCHÉMA A TECHNOLÓGIA SNOLSNOL
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I. Kubicova, D. Pudis, et al. Optik 124 1971-1973 (2013)

< 300 nm

TVAROVANIE PERIODICKÝCH ŠTRUKTÚRSNOL
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PRAVIDELNÉ

NEPRAVIDELNÉ

AFM OBRÁZKY A PROFIL

AFM OBRÁZOK

A PROFIL

OPTICKÝ MIKROSKOP - OBRÁZKY

TVAROVANIE NEPRAVIDELNÝCH ŠTRUKTÚRSNOL
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Depozícia
fotoresist
AZ5214E

Expozícia 
NSOM litografia

Vyvolanie 
vývojka
AZ 400K 

Leptanie
RIE

Kontakty

Au naparenie
Lift-off

NWs rast 

TVAROVANIE POVRCHU POLOVODIČOVSNOL
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SPEKTRÁLNA CHARAKTERISTIKA LED

λ = 845 nm

Au contact

p-
Al0.295Ga0.705As

n-
Al0.295Ga0.705Asn-GaAs

3QW GaAs

OBRÁZOK Z OPT. MIKROSKOPU

Emitujúca časť

exposure control by PC

fotoresist: AZ 5214 E

Hrúbka 450 nm

vývojka: AZ 400K

30 s čas vyvolania

20x20 μm plocha

Ľubovoľný dizajn

TVAROVANIE POVRCHU LEDSNOL
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SEM obrázky

AFM obrázok AFM profil

LED s tvarovaným povrchom

TVAROVANIE POVRCHU LEDSNOL
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LED pri prúde 6 mA

Lokálne zvýšenie emisie 

~ 1.4 – 1.6 x

Porovnateľné s 
pravidelnou štruktúrou

TVAROVANIE POVRCHU LEDSNOL
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10 µm 1 µm

Small stack of NWsOrganized NWs

Hedhog-like structures

TVAROVANIE ŠTRUKTÚR PRE NANODRÔTYSNOL
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• PATTERNING USING NSOM LITHOGRAPHY

• 2D PREDEFINED STRUCTURES FOR ORGANIZED NWS GROWTH

• LED STRUCTURE PATTERNING

• NEAR-FIELD CHARACTERIZATION USING NSOM MICROSCOPY

NSOM  - HIGH RESOLUTION LITHOGRAPHY AND MICROSCOPY < 200 nm

1 µm

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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PERFORMANCE IN NANOSPACE 
 

Hana Tesařová 1  
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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PERFORMANCE IN 
NANOSPACE

 3D Measurement and Imaging – Imaging and Advanced Diagnostic Methods in 
Industrial Practice
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TESCAN – Timeline of growth and expansion

3D Measurement and Imaging – Imaging and Advanced Diagnostic Methods in Industrial Practice 2
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TESCAN

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

 Tescan Brno 

 Tescan UK

 Tescan USA

 Tescan China

 Tescan Benelux

 Tescan France

 Tescan do Brasil

 Tescan Analytics

 Tescan Tempe

 Tescan Analytics

 450 Holding Employees Globally

 Subsidiaries

 Business Mergers / Acquired Companies 

 Independent Distribution Network 

TESCAN Brno, s.r.o. TESCAN ORSAY HOLDING, a.s.86
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EBSD

TE

EDX/WDX

CL

LVSTD

BSE

SI

EBIC

TOF-SIMS

SE

SPM Confocal 
Raman
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 Austempered Ductile Cast Iron – Fracture Surface

5

VEGA – Application Examples

3D Measurement and Imaging – Imaging and Advanced Diagnostic Methods in Industrial Practice
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 Austempered Ductile Cast Iron – Fracture Surface

6

VEGA – Application Examples

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

Tilt -10°

Tilt -0°

Tilt +10°

TESCAN with MEX 
software
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 Silica powder

7

MIRA – Application Examples

3D Measurement and Imaging – Imaging and Advanced Diagnostic Methods in Industrial Practice
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8

MIRA – Application Examples

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

 Ceramic sample – ZrO2 wires  Inconel – Fracture surface
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9

MAIA – Application Examples

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

2 µm 2 µm2 µm

 Silicon substrate with nanocrystalline diamonds with Si vacancies

Mid-Angle BSE detector for both 

material and topographical contrast

(2 kV).

In-Beam BSE detector for pure material 

contrast (2 kV).

In-Beam SE detector for high topography 

contrast (2 kV).
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In-Beam BSE detector for pure material 

contrast (1 kV).

In-Beam SE detector for high topography 

contrast (1 kV).

Mid-Angle BSE detector for both 

material and topographical contrast

(1 kV).

20 µm 20 µm 20 µm

10

MAIA – Application Examples
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 Carbon fibers with silver nanoparticles
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S8000G 
Excellent
FIB-SEM

Orage™ FIB column

BrightBeam™ SEM 

column

TESCAN Essence™ SW

In-Beam detector system

New design

New HW
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S8000G – BrightBeamTM 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

 EquiPowerTM Technology

• Constant power dissipation for high stability

 In-Flight Beam Tracing TM

• Accurate real-time computation of optical parameters

 Wide Field Optics

• Variety of imaging modes

• Large field of view imaging

3D Measurement and Imaging – Imaging and Advanced Diagnostic Methods in Industrial Practice
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S8000G – High Resolution Imaging at Low kV

13

TiO2 nanotubes, 500 V field-free

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
down to 0 eV with manual BDM

Au on C, 1kV, field-free

3D Measurement and Imaging – Imaging and Advanced Diagnostic Methods in Industrial Practice
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S8000G – Detection system 

14

Filter Grid - SE x BSE

Multidetector

Topographical BSE SE (booster off)

E-T detector

SE (BDM), SE

Axial Detector

Wide-angle BSE

BSE-LE detector

4 detectors and 9 signals to explore!

3D Measurement and Imaging – Imaging and Advanced Diagnostic Methods in Industrial Practice
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Detection system

Filter grid OFF

Grid OFF = SE signal

Resolution, topography, 

typical edge contrast

Grid ON = BSE signal

Material contrast

Multidetector

Filter grid ON

SE and BSE SELECTION BY FILTERING

WITH A MULTIDETECTOR
Li battery cathode
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S8000G – Wood - Taxus 

16

500V E-T Detector 500V E-T Detector

3D Measurement and Imaging – Imaging and Advanced Diagnostic Methods in Industrial Practice
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S8000G – High-Speed Steel – Ferromagnetic sample

17

10kV E-T Detector 10kV Multi-Detector

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

2kV E-T Detector
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S8000G – Orage FIB Column

Next Generation FIB Column Design

 Improved low energy resolution for ultra-fine machining

Beam current up to 100 nA for large volume milling

Smart column alignment

3D Measurement and Imaging – Imaging and Advanced Diagnostic Methods in Industrial Practice
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Integrated Circuit - 15 µm Polished Cross-Section (done in 4 minutes)

19

5kV E-T detector 2kV E-T detector

3D Measurement and Imaging – Imaging and Advanced Diagnostic Methods in Industrial Practice
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S8000G – Iron Powder – High Speed Crossection

20

30kV FIB Image E-T detector 30kV FIB Image E-T detector

3D Measurement and Imaging – Imaging and Advanced Diagnostic Methods in Industrial Practice
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S8000G – Inspection after delayering: Imaging at 700 V

700V Multi detector 700V E-T detector

Voltage contrast Topography: residual of the previous layer 104
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TESCAN EssenceTM 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
105
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TESCAN EssenceTM software
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DUAL BEAM SYSTEMS
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 Ga+ ions

 High resolution: 2.5 nm @ 30 kV

 In-Flight Beam Tracing

 Probe current control

 Spot size computation

25

Dual Beam Systems – Ga+, Xe+

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

Analytical 
Performance

High 
Resolution

Analytical 
Performance

High 
Resolution

0.7 nm at 15 
kV

1.2 nm at 15 
kV

0.7 nm at 15 
kV

1.2 nm at 15 
kV

COBRA FIB column iFIB plasma column

 Xe+ ions

 High resolution: 15 nm @ 30 kV

 Continuously adjustable current up to 2 uA

 Probe current control

 Spot size computation 108
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Ga+, Xe+

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

Cross-sectioning Volume 
analysis

Pillars for mechanical 
testing

TEM lamella 
preparation

Ion Beam 
patterning
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 II InAs/GaSb superlatice (T2SL) structrure on GaSb substrate

20 nm cap 
InAs layer

InAs/Ga
As
SL 

layers

InAs:Si
cap

Tungsten
electron
deposit

InAs/GaSb
layers

Xe+
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 II InAs/GaSb superlatice (T2SL) structrure on GaSb substrate

20 nm cap 
InAs layer

InAs/Ga
As
SL 

layers

Ga+

20 nm n-InAs:Si

x 40
i-GaSb (2.90 nm)

n-InAs:Si (2.77 nm)

x 60
i-GaSb (2.90 nm)

i-InAs:Si (2.77 nm)

x 40 p-GaSb:Be (2.90 nm)

i-InAs (2.77 nm)

1000 nm p-GaSb

500 nm i-GaSb

2 inch GaSb substrate

Ga+
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 Hardcoating for aircraft turbine blade - cross-section

2 h

Hard material 
layer on gray 
cast iron

40 µm nickel

Detailed image of the hard coating

Xe+
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 Cross-section of 2000 years old Romanian coin

Xe+

 Trench milling at 2 µA with silicon mask, 10 minutes
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 Large delamination in cutting tool 

Xe+

 Cutting tool – boron nitride cross-sections

 Trench milling – 15 minutes at 2 uA with the silicon mask

 Rough polishing – 25 minutes at 300 nA

 Final polishing – 20 minutes at 100 nA
114



323D Measurement and Imaging – Imaging and Advanced Diagnostic Methods in Industrial Practice

Xe+

 Cutting tool – boron nitride cross-section
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Ga+

 Wood - Taxus – 3D tomography

 15×15×15 µm3 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
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Ga+

Ga+

 Wood - Taxus – 3D tomography

min maxStrain

Max strain
Min strain
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Xe+

 Hall probe from planar lamella preparation

𝐹 = 𝑞[𝐸 + (𝑣 × B)]

 Hall voltage is produced by charge accumulation on sidewalls

 Charge accumulation balances Lorentz Force

 Charge accumulation increases resistence

 Image of the Hall probe prepared by Plasma FIB.

Total preparation time: 3 hours 118
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Xe+

 Hall probe from planar lamella preparation

119
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Xe+

 Magnesium sample

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

120
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Ga+

 Micro/Nano Patterning 220 
nm

165 nm

 SiC Wafer  Glass substrate with Au  Glass substrate with Al
121



ADVANCED TECHNIQUES
3D EDX and EBSD

TOF-SIMS
AFM 

122
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3D EDX and EBSD

TESCANs Unique Static 3D EBSD +3D EDS Acquisition 
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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 (OI TruPhaseTM )

 Online EBSD identification aid with the use of 

EDS data is benefitial especially for 3D EBSD

 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

3D Measurement and Imaging – Imaging and Advanced Diagnostic Methods in Industrial Practice
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Simultaneous 3D EBSD + 3D EDS
 Solder Bump

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

 Comparison of different phase analysis techniques: a) EDS map using TruMapTM deconvolution      b) 
EBSD identification without using the EDS signal and c) TruPhaseTM mapping result with reference 
spectra used for phase identification correction on phases with a similar crystal latice
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 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 TrueMapTM data

 Visualized using ParaView

Simultaneous 3D EBSD + 3D EDS

3D Measurement and Imaging – Imaging and Advanced Diagnostic Methods in Industrial Practice
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Ga+ FIB vs. Xe+ PFIB for 3D EDS and 3D EBSD

44

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

 3D EBSD of 90 µm solder bump acquired on 

Ga+ FIB (over a weekend)

 3D EBSD of 250 µm solder bump acquired 

on Xe+ FIB (over a weekend)

 What can be acquired in a 

reasonable amount of time?

127
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3D EDX Ga+

 Study of Volcanic Rock Sample

EDS map of a single slice 20x20 um

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

128
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3D EBSD
Ga+

 Duplex Stainless Steel

Pillar preparation – 1.5 hours 
with 23nA beam

Pillar size 25x25x10 um

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

Phase map – red: Ferite, blue: Austenite

IPF-Z Maps

Grain representation
Totally 362 grains found
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3D EDX and EBSD Xe+

 Zn Coated Steel

 Tungsten deposition (50x50 μm2)

 Cubic sample was prepared by 3 trenches milling, undercut  - 300 nA cca 1.5 hour

130
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3D EDX and EBSD Xe+

 Zn Coated Steel

▪ SEM: (HV: 20 kV, Current: 6 nA)

▪ EBSD: (Step: 250 nm, Acquisition time: 

10 min x 133 slices = 22 hours)

▪ 3D tomography process:

• Number of slices: 133
• Slice thickness: 100 nm
• Total volume: 60x50x13 μm3

• Beam current for slicing: 30 nA
• Time for FIB slicing: 30 s x 133 

slices = 1 hour

IPF map

Phase map
Blue - Zinc
Red - Ferrite 

IPF+IQ map

IQ image

Total acquisition time: 23 hours 131
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3D EDX and EBSD Xe+

 Zn Coated Steel

– processed by Dream 3D and ParaView softwares

IPF reconstruction Phase reconstruction

132
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TOF-SIMS
 Ionisation by FIB (No need of another source)

 Secondary Ions are detected

 Ions are separated according to their m/Q

 Time of Flight is measured

 Positive or negative ion mode

1

2

3

4

Lateral resolution < 50 nm (Ga+)
< 60 nm (Xe+) 

Depth resolution < 3 nm

Detection limit
< 3 ppm (Ga+)
< 1.5 ppm 
(Xe+)

Mass resolution > 800 (>
3500)

1
23

1  Ion Transfer Optics
2  Separating valve

SEM Chamber (10-3 - 10-4 pA)
3  TOF chamber
4  TOF ion pump

133
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TOF-SIMS
 Micro- and nanoparticles analysis (Si, Al impurity on Si wafer)

27Al
+

16O-28Si
+

Ø 2 µm

27Al
+

Ø 90 nmØ 0.5 µm

134
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TOF-SIMS
 Micro- and nanoparticles analysis (U)

238U
+

238U16O
+

BSE signal BSE signal

135
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TOF-SIMS
 Li battery

136



543D Measurement and Imaging – Imaging and Advanced Diagnostic Methods in Industrial Practice

TOF-SIMS
 Organic contamination on silicon AFM tip

12C2
-

16O-

SE signal

137
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TOF-SIMS
 Study of metal grain boundaries

48Ti+

90Zr
+

SE signal BSE signal

138
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TOF-SIMS
 Topography measurement by AFM

0.0 µm

1.6 µm

CPEM (Topography + BSE)

27Al
+

139
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TOF-SIMS
 Analysis on cross-section (corroded inclusion in metal surface)

23Na
+

35Cl- 39K+ 40Ca
+

52Cr+

16O- 19F-SE signal SE signal

Many thanks to S. Simison, INTEMA CONICET UNMdP, Argentina 140
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TOF-SIMS
 Analysis on lamella (corroded inclusion in metal surface)

23Na
+

32S- 35Cl- 39K+ 52Cr+

16O- 19F-

Many thanks to S. Simison, INTEMA CONICET UNMdP, Argentina 

SE signal SE signal

141



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

Marko Paško 1  
1
 X3D   

 

Abstract  
Combined laser and photogrammetric airborne, mobile and terrestrial measuring 
Author: Ing. Marko Paško, 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 laserové a 
fotogrametrické meranie 
zo vzduchu a zo zeme

- laserové a fotogrametrické technológie na 3D meranie

RIEGL Laser Measurement Systems   VEXCEL Imaging

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

Konferencia 3D meranie a zobrazenie, Ing. Marko Paško, 
Bratislava, 21.-22.9.2017 Expert_for_3D_Landscape, spol. s r.o. 
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Témy:

1. Prečo využívať na zber priestorových dát, resp. 

mapovanie laserové a fotogrametrické technológie 

2. Prečo kombinovať laserový a fotogrametrický zber dát

3. Prečo kombinovať dáta zo vzduchu a zo zeme

4. Riešenia Riegl

5. Riešenia Vexcel Imaging

6. Rozhodujúce faktory pre nasadenie v priemyselnej praxi

Konferencia 3D meranie a zobrazenie, Ing. Marko Paško, 
Bratislava, 21.-22.9.2017 Expert_for_3D_Landscape, spol. s r.o. 
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1. Prečo využívať na zber priestorových dát / mapovanie   
laserové a fotogrametrické technológie 

- obe technológie 

- vysoký potenciál automatizácie, bezdotykové

- možnosť využitia dynamického snímania s časovou synchronizáciou

- vysoká hustota + presnosť dát

- kalibrovateľné

- fotogrametria

- tradičná mapovacia metóda dlhodobo, plošné snímanie s prekrytom

- dobrá dostupnosť senzorov / digitálnych kamier, lacnejšia

- laserové skenovanie

- novšia mapovacia metóda, bodové snímanie lúčom s viacnásobným odrazom

- vyššia cena – rýchly pokrok vo vývoji, viac robotizácie
Konferencia 3D meranie a zobrazenie, Ing. Marko Paško, 
Bratislava, 21.-22.9.2017 Expert_for_3D_Landscape, spol. s r.o. 
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2.  Prečo kombinovať laserový a fotogrametrický zber dát 
- donedávna - 2D GIS, papierové mapy, digitalizované staršie kartografické diela

- bežné sú 3D rastrové dáta DTM/DHM s rastrom 100m, resp. manuálne 
vyhodnocované databázy budov

- dostupné dáta obsahovo nevyhovujú dnešným potrebám - moderné priemyselné 
aplikácie (autonómne dopravné systémy, monitoring kvality líniových stavieb, 
krízový management, ochrana životného prostredia, poisťovníctvo, kriminalistika) 
potrebujú na automatizáciu procesov aktuálne a kvalitné dáta s vysokou hustotou

- Zber dát má svoju cenu, preto by sa mal vykonávať efektívne: 

- automatizovane, bezdotykovo (jeden operátor namiesto stoviek meračov)

- v krátkom čase, najlepšie dynamicky (skrátenie trvania zberu dát)

- s vysokou hustotou + naraz viac senzorov / doplňujúcich sa technológií

- s vysokou presnosťou, homogénne na kalibrovaných meracích systémoch

Konferencia 3D meranie a zobrazenie, Ing. Marko Paško, 
Bratislava, 21.-22.9.2017 Expert_for_3D_Landscape, spol. s r.o. 
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3.  Prečo kombinovať dáta zo vzduchu a zo zeme
- Kvôli potrebe viditeľnosti objektov z rôznych strán (z hora, zo zeme, znútra) 

- Vzájomne prevrátená hierarchia medzi počtom daných typov nosičov a množstvom 
zameranej plochy:

špecializovaný merací nosič zamerané plocha

Lietadlá: málo vhodných meracích lietadiel celoštátne, celé kraje, celé okresy, veľkoplošný zber

Autá: meracie vozidlá pomaly pribúdajú, bude celé kraje, celé okresy, celé mestá, líniový zber

v budúcnosti každé auto bude meracie vozidlo?

UAS: rýchlo pribúda počet meracích dronov menšie mestá, lokality, lokálny plošný aj líniový zber

Človek: teoreticky každý, keď fotí, zbiera dáta bodový zber dát, menšia plocha vysoko detailne

- Dôležité pre analýzu chýb a automatizáciu: 
- redundantnosť dát

- treba kombinovať 2 vzájomne nezávislé metódy

Konferencia 3D meranie a zobrazenie, Ing. Marko Paško, 
Bratislava, 21.-22.9.2017 Expert_for_3D_Landscape, spol. s r.o. 
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4. Riešenia RIEGL Laser Measurement Systems

Konferencia 3D meranie a zobrazenie, Ing. Marko Paško, 
Bratislava, 21.-22.9.2017 Expert_for_3D_Landscape, spol. s r.o. 

Všestranné riešenia:

* Terestrické:

- VZ-400i ... dosah 800m, presnosť 5mm, 

georeferencovanie v reálnom čase, cloud

- VZ-2000i ... dosah 2000m, presnosť 10mm

* Mobilné:

- VMX(450)-1HA ... mobilné presné skenovanie,                                                                       <- už aj v SR 

- VMQ-1HA ... light-verzia s 1 skenovacou hlavou

* Letecké + UAV:

- VUX-1 ... 3 rôzne hlavy + RiCopter / VP1

- VQ-880-G, -GH ... topo-hydro mapovanie

- VQ 1560i ... city mapping, veľkoplošné mapovanie, duálny skener

149

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. Riešenia Vexcel Imaging

Konferencia 3D meranie a zobrazenie, Ing. Marko Paško, 
Bratislava, 21.-22.9.2017 Expert_for_3D_Landscape, spol. s r.o. 

- fotogrametrické technológie na 3D mapovanie - dôraz na fotogrametriu
- Letecké riešenia: – letecký zber dát špecializovaným meracím lietadlom

- Flexibilné – vymeniteľné objektívy UC Eagle Mark 3, najväčšia šírka záberu 26460 px
- Šikmé snímkovanie – UC Osprey Mark 3 Premium
- Konkurencia satelitným senzorom – UC Condor Mark1 – 38000px

- Mobilné riešenia:
- UltraCam Mustang – mobilný zber dát autom

- Pochôdzne riešenia:
- UltraCam Panther – zber dát pešo človekom

- Jedno softvérové prostredie UltraMap – softvér na kompletné automatizované 
spracovanie zo všetkých druhov senzorov UltraCam
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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/


Minulý rok prezentované mobilné riešenie: 
UltraCam Mustang

na pozemný mobilný zber 

georeferencovaných obrazových dát

Konferencia 3D meranie a zobrazenie, Ing. Marko Paško, 
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

- na pozemný mobilný zber georeferencovaných obrazových dát

- Max. rýchlosť zberu až 120 km/h

- Panoramatické zábery 360° vo vysokom rozlíšení

- Presné vzájomné nadväzovanie vďaka LiDARovým dátam

- Presná poloha a náklony vďaka integrovanému GNSS/IMU

- Kompletne kalibrované

- Osvedčené a spoľahlivé riešenie – už nazbieralo viac ako 5 miliónov km

- Jednoduchý postprocessing v softvéri UltraMap Terrestrial Essential

Konferencia 3D meranie a zobrazenie, Ing. Marko Paško, 
Bratislava, 21.-22.9.2017 Expert_for_3D_Landscape, spol. s r.o. 
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výstupy z UC Mustang
- Georeferencované panoramatické snímky

- Georeferencované mračná bodov

- Georeferencovaná trajektória

- Kalibračné parametre

- Presnosť po postprocesingu +- 2cm

- Hustota obrazových dát 8 snímok za sekundu z 9 kamier,                 
spolu 54 Mpix

- Hustota laserových dát 700000 bodov za sekundu 
zosynchronizovaných s obrazovými dátami

Konferencia 3D meranie a zobrazenie, Ing. Marko Paško, 
Bratislava, 21.-22.9.2017 Expert_for_3D_Landscape, spol. s r.o. 
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Konferencia 3D meranie a zobrazenie, Ing. Marko Paško, 
Bratislava, 21.-22.9.2017 Expert_for_3D_Landscape, spol. s r.o. 

Dokonalé snímkové panorámy s vysokým rozlíšením, exportovateľné aj pre cave

Možnosť priameho 3D merania na presne 
georeferencovaných dátach

154

http://www.vexcel-imaging.com/products/ultracam-mustang/
http://www.vexcel-imaging.com/products/ultracam-mustang/


Novinka - pochôdzne riešenie: 
UltraCam Panther
na pozemný zber 

georeferencovaných obrazových dát

Konferencia 3D meranie a zobrazenie, Ing. Marko Paško, 
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/


Príklad: ideálna kombinácia - spoločné využívanie zdrojových zariadení v lietadlách

- Riegl LMS Q1560i + Vexcel UltraCam Eagle Mark 3

- šetrí peniaze – časť technológií spoločne zdielaná

Konferencia 3D meranie a zobrazenie, Ing. Marko Paško, 
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 – rozhodujúce faktory pre úspešné nasadenie riešení 
v priemyselnej praxi
- Vyzretosť riešení – skúsenosti založené na dlhodobom vývoji HW a SW

- Možnosť prepojenia s inými komplementárnymi štandardizovanými senzormi

- Vysoká automatizácia procesov + naviac kvalitné analytické nástroje (one-click ale aj 
manuálne)

- všestrannosť technológie schopná spracovať v jednej technologickej linke dáta 
získané všetkymi 3 zdrojmi – letecky, autom a aj peši

To všetko spĺňajú riešenia RIEGL LMS a VEXCEL Imaging.

Ďakujem za pozornosť. Viac na www.x3d.sk

Konferencia 3D meranie a zobrazenie, Ing. Marko Paško, 
Bratislava, 21.-22.9.2017 Expert_for_3D_Landscape, spol. s r.o. 
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CHALLENGES IN 3D SCANNING 
 

Ján Žižka1 
1
 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
159



● Slovak based company
● 4 years old
● Manufacturing 3D Scanners
● Developing 3D Camera
● 3D processing software
● Focus on automation

Photoneo - Intro
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Our team: 46 people

CEO

PhD in Machine 
Vision

CTO

Computer Vision 
guru

COO

PhD in 
AI/Machine 

Learning

Business Director

Six Sigma Black Belt 
& Sales master

Jan Tomas Michal Brano

161



162



● Input
○ Pointcloud
○ CAD model of the part

■ Or 3D scan

● Task
○ Exact location & orientation of the object
○ Rigid vs Non-rigid

Localization - definition
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Examples - metal sheets
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Examples - screws
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Applications
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● Randomly placed & crowded
● Occlusions
● Collision detection

● Gripper design
● Robot path planning

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


Alignment / Relative position
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● Locate A
● Locate B
● Check relative position & orientation

Alignment / Relative position
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Robot Path Correction
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Robot Path Correction - Example
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More applications
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Examples - needles
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Examples
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Examples
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Examples
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Examples
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Examples

179



Examples
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Limitations - Scan quality
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Limitations - Bending

182



Limitations - Self similarity - 
translation

?
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Limitations - Self similarity - rotation
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● Focus on Surfaces
● But also Edges

● Add Machine Learning
● Non-rigid alignment

Solutions

185



Thanks
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METHODS OF EXAMINING THE CONDITION OF WORKS OF ART IN THE CURRENT CONDITIONS OF 
COLLECTOR INSTITUTIONS 

 
Veronika Gabčová 1, Branislav Horňák2 

1
 SNG, 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 Gabčová PhD. 

                                                             Mgr. Branislav Horňák 
 

188



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

189



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 
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Optical instruments 

Monitor microscopy 2007 Monitor microscopy 2015  
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Optical instruments analysis 
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Instruments in the field of ionizing radiation 
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Research using X-ray  
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.....immediate information... 

196



Immediate information  
Non-destructive research 
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 Mapping the research and the process 
of restoration interventions 
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Forensic diagnostics 
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Forensic diagnostics for screening on-site 
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 Allows flexibility in on-site and off-site 
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Non-destructive research in the spectra 
Digital 

post-processing  UV spectrum  
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..... degradation of paper .... 
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... highly active mold visible to the 
naked eye ... 
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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 
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Symmetrical diffused light. 
True colors at every point. 

Directional light. 
Capture of the surface structure. 
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FULL IMAGE 
Original size – 106 x 162 mm 

DETAIL 
Scan resolution – 2000 ppi 
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Scan Result - MASTER 

MASTER 
 
 unedited scan 
 without additional edits 
 advisory scales 
 identifier 
 
Technical parameters: 
 
 TIFF uncompressed 
 RGB 48 bit 
 1:1 at given resolution 

embedded device profile 
 scanner settings saved in 

metadatas 
 

209



Enhanced Surface Capability ... 

High-dynamic-range Imaging 
 
– color 
 
 
Multi-light Imaging 
  
– surface structures 
 
 
 
 
 
 
 
 
Ideally, using a large-format 
scanner to maintain the 
benefits of scanning before a 
digital photo. 
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Readable details 
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macro detail  
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213



214



Digital technology helps to identify 
specific details of artwork 
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WATERMARK  
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Digital zoom of the scan detail reveals 
the print raster 
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...use with 3D objects... 
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3D Objects - The current state of digital documentation 

2D images from 6 points of 
view, additional images 
(important detail, moving parts 
...) scanned with a control color 
scale. 
 
Mid-format digital camera,    
60 Mpx,  
6708 x 8956 pixels 
 
Documentation of artwork 
condition, presentation and 
publishing purposes. Limited 
professional use. 
 
Documentation and planning of 
restoration interventions, other 
specific needs - the need to 
create separate digital records, 
still 2D. 
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3D Objects - Requirements for digitalization 

 Accuracy and resolution of a 
3D model; 

 
 Real color fidelity and high 

texture resolution; 
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3D Objects - Requirements for digitalization 

 Dealing with problematic 
patterns (high gloss / gold, 
dark surfaces, broken objects 
/ jewelry ...) 
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3D Objects - Requirements for digitalization 

 acceptable difficulty of 
post-processing of the data 
obtained; 

 
 the ability to work with a 

digital model on common 
devices; 
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 Current possibilities in SNG 
Our orientation in the development of 

artworks     
• UV, IR, RTG, SKEN, forensic diagnostics, monitor microscopy, 

mass spectrometer, profilometry, other spectra - methods of 
non-destructive research 

• specialized workplaces, natural sciences, technical character - 
laboratory of chemical technology optical instruments - 
analysis of sophisticated workplaces 

• digital recording technology, recording, systematic database of 
on-site objects status 
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Specialized workplace 
 SNG Zvolen 
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...research, 
analysis, 

restoring... 
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The outputs of this three-dimensional 
research are: 
• current records of our artwork condition and work       

on-site - external conditions 
• procedures and conditions for manipulation with 

objects, recommendations for specialized 
professional activities eg. fumigation 

• using the information of new digital technologies to 
evaluate the degradation process 

• the methodology of other practical outputs for 
future use of digital photo data and scanning as a 
research material 
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What awaits us.... 

• Visions for the future of collector institutions 
and their target programs - prevention, 
protection, monitoring, presentation 

• New procedures for data retrieval, storage, 
and presentation 

• Interdisciplinary approaches and cooperation 
with specialized workspaces 

228



VHX-5000 DIGITAL MICROSCOPE 
lens 300xmicro 
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Non-destructive methods which allows us to see 
details of the damage .... 
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Topography of the surface from the image of the 
micro world 
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THANK YOU FOR YOUR ATTENTION 
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3D WOOD ANALYSIS USING EELECTRON MICROSCOPE 
 

Miroslava Mamoňová1 
1
 Technical University in Zvolen, Slovakia 

 

Abstract  
The introduction of the lecture Electron Microscopy and Study of Woody Structures deals with the specific preparation of specimens for SEM (scanning electron microscopy) 
and with the major difficulties of this process, while the attention is paid to the uniquely developed preparation procedures of historical wood characterized by its fragility, 
limited amount of sampled material and various degree of degradation caused by fungi or insect. For degraded, as well as extremely hard wood specimen, the methodology 
using Daucus carota was suggested and verified. 
 Every preparation procedure is unique and developed in dependence upon the characteristics of the object of observation and requirement for the resulting scans to 
show the required information. 
The lecture illustrates the color gallery of SEM scans of woody structures processed via ImageProcessing. Subsequently, the lecture discusses the research topics studied at 
the Workplace of electron microscopy of the Technical University in Zvolen, including a brief overview of studies using SEM Tescan Vega with a significant impact, whose 
results were published in prestigious scientific journals.  
The core of the lecture includes new 3D SEM applications and images carried out in Tescan Orsay Holding, a.s. Brno, with following points being discussed: 
1. 3D model of reconstructed brushed surface of a wood log house specimen, Nižná Boca, using software module Mex with FE-SEM Mira 3, Tescan. The measurement 
results of specimen profile are given. 
2. High resolution imaging of tracheid pitting in radial walls of white fir wood (Abies concolor (Gordon) Lindl. ex Hildebr.)  with the occurrence of  warty layer 
(Magnification: 76400x) and taxodioid cross-field pits; bordered pit of  Scots pine wood (Pinus sylvestris L.), while the InBean detector was used for imaging the 
microfibrillar structure in secondary wall of compression wood tracheids. We document also formation of gold granules on coated xylem specimes, which can hide the subtle 
finesses of nanostructures (Magnification: 84600x). 
3. Cryo SEM imaging of cross-section break zone of tension wood fibres in Fagus sylvatica using SEM Tescan Lyra3. A visible lamella structure could be observed this 
way for the very first time.  
4. Dual beam FIB-SEM (Focused ion beam scanning electron microscopy) system applied on libriform fibres and beech parenchyma cells of rays (Fagus sylvatica L.), 
scanned using LYRA3 Tescan equipped with ion-optics with highly stable Ga+ LMIS source (Cobra column). 
The last part of the lecture is devoted to the results of material research into wood elements of structures in the National Cultural Monument Krásna Hôrka, the National 
Cultural Monument Ľupčiansky hrad and historical roof frame structures in Premonstrate Monastery in Želiv, Czech Republic.  
Acknowledgement:  
This study was created thanks to the enthusiasm of Ing. Jana Havránková and Ing. Kristína Rosíková, who were immensely helpful with applying individual methods of the 
company Tescan Orsay Holding, a.s. Brno.  
I would like to thank also to the Department of Special Measuring Technology of the company Kvant, s.r.o. Bratislava, for general help and support. 
This lecture was funded by the following grants: the Scientific Grant Agency of the Ministry of Education SR and the Slovak Academy of Sciences (Grant No. 1/0822/17 
“Surface modification of wood and coating materials in order to improve stability of the wood – coating material system.”). This lecture has been included into the project 
APVV-16-0177 “Progressive modifications of the wood surface, film-forming materials and their interactions at the phase interface.” 
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APPLICATIONS OF CONTACTLESS MEASUREMENT SYSTEMS IN THE AUTONOMOUS MOBILITY 

Prof. Branislav Sitár, DrSc 1 
1
 FMFI UK, Bratislava 

Abstract 
Universal Autonomous Transport Systems (ATS) with highly organized transport including hundreds of electric Autonomos Guided Vehicles (AGV) working 
round the clock could be built in large areas. The world development of AGVs can be divided in two basic categories: a) global: individual AGVs moving 
alongside with the existing traffic. The basic feature of category a) is the effort to replace the human eye by technology, attaching LiDARs, optical cameras 
and radars to standard vehicles and operating AGVs on ordinary carriageways.  

Category b) - local: Autonomous traffic systems. Their characteristic feature is the use of driverless cars only, involving total exclusion of human drivers from 
a delimited space, which will lead towards increased order in traffic and towards a substantial reduction in the number of accidents. European patent by B. 
Sitar introduced a “computer friendly” technology “i-cars on i-road” with a very low imput data flow. The tests show, that our AGV navigation system could 
provide 10 times higer precision, be 10 times faster and 10 times cheaper, than AGV navigation systems based on other technologies. 

The implementation of Autonomous Transport Systems brings a number of social, ecologic and economic benefits. The consortium of the top Slovak 
universities and innovative companies has prepared an industrial-technology platform, with the aim to produce ATS systems for industrial zones, airports, 
recreation resorts, exhibition grounds, as well as in the new eco-cities worldwide. 
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Autonómny Transportný Systém 

Prof. Branislav Sitár, DrSc. FMFI, Univerzita Komenského, Bratislava 

Kvant  
22.9.2017, Bratislava 
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Svetový vývoj autonómnych vozidiel 

možno rozdeliť do dvoch kategórií: 

G l o b á l n e  r i e š e n i e  
 
I n d i v i d u á l n e  a u t o n ó m n e  v o z i d l á  ( A G V )  
p o h y b u j ú c e  s a  n a  e x i s t u j ú c i c h  c e s t á c h  s p o l u  
s  v o z i d l a m i  r i a d e n ý m i  ľ u ď m i  

Lokálne riešenie: 
 
Autonómne transportné systémy v ohraničenom území 
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I n d i v i d u á l n e  a u t o n ó m n e  v o z i d l á  
p o h y b u j ú c e  s a  n a  c e s t á c h  
s p o l u  s  v o z i d l a m i  r i a d e n ý m i  ľ u ď m i  

Technológia  L iDAR scanning 

A. 

322



 HD mapping:  3D model  

I n d i v i d u á l n e  a u t o n ó m n e  v o z i d l á  
p o h y b u j ú c e  s a  n a  c e s t á c h  
s p o l u  s  v o z i d l a m i  r i a d e n ý m i  ľ u ď m i  

323



         

Tra jectory p lanning:  l ines 
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Lokálne riešenie: Autonómny Transportný Systém 

ATS funguje na originálnej patentovanej technológii interakcie inteligentného 
vozidla s inteligentnou vozovkou 

 Patentovaná technológia ATS je 
prispôsobená schopnostiam počítačov, 
ktoré riadia AGV, je „computer friendly“  
 

 ATS je 10x presnejšie, 10x rýchlejšie,  
               10x lacnejšie   

 
 Reakčný čas navigačného systému ATS je 

menej ako 0,1 s  
 

 Schopnosť vyriešiť akúkoľvek dopravnú 
situáciu, križovatky, parkovanie  
 

 Nízka cena navigačného systému ATS   
 Nízka cena infraštruktúry ATS  

ATS 

iHub 

iRoad 

iCar 
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Porovnanie LiDAR a ATS  

ATS „i-cars on i-roads“ technológia 
 cena ~ 10 000 EUR  

LIDAR technológia so superpočítačom 
 cena ~ 100 000 – 200 000 EUR  
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Porovnanie LiDAR a ATS   

Porovnanie metód LiDAR scanning a ATS: 

 
Technológia “LiDAR scanning”  Technológia ATS „i-cars on i-roads“  
Zložitá: s veľkým tokom informácií, 
ktorú vie spracovať len supercomputer 

Jednoduchá: s malým tokom informácií 
„computer friendly“, stačí obyčajný počítač 

Drahá: navigačný systém AGV  
~ 100-200 tisíc € 

Lacná: navigačný systém AGV ~ 12-15 tisíc €
  

Pomalá: (10-20 frames/s)  Rýchla:  (100 frames/s) – umožňuje rýchlosti  
nad 100 km 

Relatívna: poloha sa určuje len 
vzhľadom na okolie s presnosťou 
desiatok cm 

Absolútna: poloha sa určuje absolútne 
s presnosťou ~ 1 cm 

Nespoľahlivá: znížená kvalita 
orientácie v daždi alebo snehu 

Spoľahlivá: funguje bez ohľadu na 
poveternostné podmienky  

Globálna: plánuje sa na globálne 
použitie 

Lokálna: plánujú sa komplexné lokálne systémy 
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Efektivita a komplexnosť ATS 

 Univerzálny ATS komplexne vyrieši dopravu v danej lokalite, nákladnú aj osobnú  
 

 Masové nasadenie elektromobilov s vyriešením ich dojazdu  
 

 Výrazné zníženie energetickej náročnosti dopravy  
 

 Vysoko organizovaná doprava permanentne riadená centrálnym počítačom  
 

 Flexibilita – v prípade potreby sa zmeny alebo rozšírenia ATS dajú urobiť v krátkom čase  
 

 Modularita – lokálne ATS systémy je možné ľahko spájať do veľkých celkov  
 

 ATS zachová výhody individuálnej mobility a zároveň prinesie výhody verejnej dopravy  
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Ekonomické benefity 

 Investícia do ATS sa podľa štúdie uskutočniteľnosti od Ernst&Young vráti zákazníkovi veľmi 
rýchlo 
 

 Vozidlá budú plne využité 24 hodín denne, 7 dní v týždni  
 

 Podstatné zrýchlenie dopravy pri znížení nákladov na dopravu 
 

 Automatický prevoz tovarov a materiálov v noci s využitím lacného nočného prúdu  
 

 Náklady na ATS sú neporovnateľne menšie ako náklady na iné autonómne systémy  
 

 Plné využitie súčasnej cestnej siete a priemyselne vyrábaných elektromobilov všetkých 
typov a veľkostí  
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Sociálne a ekologické benefity 

 Veľmi výrazné zníženie počtu dopravných nehôd na cestách, počtu zabitých aj zranených – 
veľké úspory liečebných nákladov a straty pracovnej sily 
 

 ATS odvezie individuálne každého: deti, starých aj imobilných  
 

 Masové nasadenie elektromobilov podstatne zníži produkciu emisií a hluku  
 

 Nahradenie fosílnych palív v doprave zelenou elektrickou energiou (hlavne solárnou a 
z atómových elektrární) 

330



Vývoj a produkcia ATS 

Vytvorilo sa konzorcium silných Slovenských univerzít a inovatívnych firiem  
Konzorcium združuje viac ako sto vedcov, vysoko kvalifikovaných špecialistov v odbore IKT a inžinierov 
rôznych špecializácií    

Centrálne riadenie ATS  
 Virtual Reality Media, a.s. Trenčín 
 Trenčianska Univerzita., Trenčín 
  
Navigačný systém pre bezpilotné vozidlá  
 Kvant s.r.o.., Bratislava 
 VRM a.s., Trenčín 
 Fakulta Matematiky, Fyziky a Informatiky, 

Univerzita Komenského Bratislava 
  
Bezpečnostný systém pre bezpilotné vozidlá  
 Kvant s.r.o., Bratislava 
 Fakulta Matematiky, Fyziky a Informatiky, UK 

Bratislava 

Riadiaci systém  bezpilotných vozidiel  
 Ústav  Automobilovej Mechatroniky, STU, 

Bratislava 
  
Telecommunikačný systém ATS 
 Ústav  Telekomunikácií, STU, Bratislava 
  
Systém počítačovej bezpečnosti v ATS  
 Beset s.r.o., Bratislava 
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Záver 

Za predpokladu, že štát podporí výskum a vývoj v smere Autonómna mobilita: 
 

 Je tu príležitosť dostať Slovensko do svetovej technologickej ligy a 
zvýrazniť imidž Slovenska ako modernej priemyselnej krajiny 
 

 Slovensko môže vybudovať a prevádzkovať prvý „Smart Industrial Park“ aj 
jedno z prvých Smart City na svete 
 

 Slovenský priemysel môže vyrábať a exportovať autonómne dopravné 
systémy na mnohé miesta vo svete, na letiskách, v priemyselných 
areáloch, v rezortoch oddychu, výstavných priestoroch  

     a tiež nových Smart Cities 
 

 Zo štrukturálnych fondov EU sa na podporu významných a strategických 
projektov sa práve v týchto týždňoch rozdeľuje 1,044 miliardy EUR.  

     Bude v tom zahrnutá aj Autonómna mobilita? 
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SMART CUSTOMIZATION OF 3D SENSORS WITH APPLICATION SPECIFIC ALGORITHMS 
 

Andreas Hoffmann 1 
1
 Application Engineering Team lead EMEA, LMI Technologies 

 

Abstract  
Solving specific application needs is one of the challenges in today’s 3D sensor market. A modern factory cannot only care about speed, but also has to reach 
a high precision in quality control through accurate and reliable measurement data. In order to achieve this, LMI will demonstrate different options that 
allow the user to adapt 3D smart sensors to solve their unique inspection problems. With the help of real life examples, LMI will explain how software 
developers can test their own applications in a safe offline environment without the need for a physical sensor. Also how working with large 3D point clouds 
can be simplified by adding the data-processing power of one or more PCs to an inspection solution. Additionally, the presentation will highlight how users 
can develop custom measurement algorithms that run directly on 3D smart sensors. This extends the functionality of the sensors and allows for the flexibility 
needed in a fast changing environment. 
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CONFIDENTIAL

SMART CUSTOMIZATION OF 3D 
SENSORS WITH APPLICATION 
SPECIFIC ALGORITHMS
2nd International Conference 3D Measurement and Imaging 

Andreas Hoffmann
Application Engineering Team lead EMEAR

22 September 2017
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ABOUT LMI TECHNOLOGIES
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110,000+ sensors
in the field  

QUICK FACTS

3

100+ patents 
and 220+ 
employees

39+ years experience
1978 – Present

Owned by TKH Group

One of our 
Selcom 

displacement 
sensors 

developed in the 
1970s
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ABOUT LMI TECHNOLOGIES

4
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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.



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”

5
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SMART 3D-SENSORS

6
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EXTENDABLE 3D SENSOR OVERVIEW

7

» Core Hardware/Software 
platform
◉ Acquisition Modules
◉ Measurement Tools
◉ Interface Modules

» Open Programming Interface
» Open Tool Interface
◉ Native Sensor C API
◉ Visualisation Functions
◉ 3rd Party Library Support

Gocator

Control

Tag & Track

Extensibility

GDK

Open SDK

Multi-Sensor
Networking

3rd Party
Support

User 
Experience

Web-
Based 
GUI

Emulator

Measurements

Matching &
Sectioning

2D & 3D
Tools

Acquisition

Single Point 
Profile

Line Profile

Snapshot

Accelerator

PLC
Protocols

Part
Detection Anchoring
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GOCATOR DEVELOPMENT KIT (GDK)

8

Standard Firmware Custom Tool Custom Firmware
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» Users customize their Gocator for even 
more control over the inspection process

» Extend the Gocator firmware
» IP and pricing protection
» Integrators can modify their algorithm on-

site
» Reduces development and integration 

time

Raw metal Anodized metal

Painted metal

GOCATOR DEVELOPMENT KIT (GDK)
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GOCATOR DEVELOPMENT KIT (GDK)

10
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CONFIDENTIAL »

GOCATOR DEVELOPMENT KIT (GDK)

11

algorithm example
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CONFIDENTIAL »

CAPABILITY

» Allows FAE/AE and users to develop measurement tools for customers
◉ With same capability as internal tools.

» Covers all Gocator series running on FW 4.x 

» Supports Range, Profile, Surface and Intensity data

» Works with Gocator Emulator, Gocator accelerator, and actual sensor
◉ Accessible from web interface, SDK and PLC protocols etc
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CONFIDENTIAL »

WHY AND WHEN NEED A GDK TOOL 

13

Sensor head only, no PC or controller required
3D point cloud and surface tools without extra 
controller/processor. 

SENSOR

SENSOR

CONTROLLER

CONTROLLER

3D CONTROLLER

3D SOFTWARE
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CONFIDENTIAL »

Reduced 
development and 
integration Time

WHAT IS GOCATOR DEVELOPMENT KIT

14

Easy Hands-on 
sample code for 
both profile and 
surface tools

Graphic Rendering capabilities

Cross-platform 
integrated 
environment
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CONFIDENTIAL »

» Register Tool
Framework can thus 
identify your tool

» Implement tool runtime functions 
▪ VDescribe:  Define parameters, feature and 

measurement outputs 
▪ Vstart:  Called when sensor start,  resource 

allocation and initialization
▪ Vprocess:  Main place to implement your algorithm
▪ Vstop:  Called when sensor stops,  resource release 

and cleanup

HOW DOES IT WORK

15
348

Vorführender
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开发具体流程: 1 工具注册 2 工具的工作流程 3 已经预先有的算法调用



CONFIDENTIAL »

WORKFLOW

When using GoX, Sensor does 
NOT require firmware with the GDK 
tool 

Why is this important?

Allows integration with 3rd party 
software

APAC PARTNERS EVENT 2017
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CONFIDENTIAL »

WORKFLOW

17
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CONFIDENTIAL »

VISUALIZATION

» Create regions, lines and points on the 
visualizer. 

» Graphics on 2D and 3D visualizer

APAC PARTNERS EVENT 2017
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APPLICATION EXAMPLES

19
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APPLICATION EXAMPLES

» State machine based processing
» Application specific measurements
» Combine intensity and 3D height map processing
» 3rd party library and camera integration
» IP and pricing protection
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CONFIDENTIAL »

STATE-MACHINE BASED PROCESSING

» Scans are processed differently based 
on the position in the sequence

» Sensor mounted on a robot / transport to 
scan over a large part

» Example: Battery flatness

Scan direction

APAC PARTNERS EVENT 2017
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BATTERY FLATNESS APPLICATION

» Customer wants to measure flatness in 
different regions of a battery 
◉ Dimension ~ 50mm*120mm;
◉ Repeatability within 10um;
◉ CT within 2 seconds;
◉ Whole region is divided into 36 sub-

regions (4*9 grid);
• For each sub-region, the flatness is 

calculated;
• A flatness number is also calculated for 

the whole grid region;
◉ Cost effective;
◉ Real time visualization;
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CONFIDENTIAL »

BATTERY FLATNESS APPLICATION

» Applications
1. G2420 scanning twice;

• 3kHz frame rate;
• 0.1mm Y resolution;

2. Stitch the data together
• Based on motion slide movement;

3. Locate the part based on edge detection;
4. Measure flatness in required regions;

23
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Vorführender
Präsentationsnotizen
Mention the scanning speed: up to 300mm/s;
Keyence need an extra XG controller;
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» Data combine

COMPLETE ENCLOSURE INSPECTION

24

Buffe
r

Combine Above mentioned process can be done here
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SPECIALIZED SHAPE / DEFECT MEASUREMENTS

25

• Anchoring/Alignment, 
• Filtering, 
• Measurement
• Inspection
• …… Customization 

Needed!
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Vorführender
Präsentationsnotizen
什么情况需要GDK
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» Customer wants to measure the maximum height 
from the RED region to BLUE region;
▪ Sample Size 9mm;
▪ CT 1 second;
▪ Repeatability 10um;

» Algorithm
1. Locate the center and rotation;
2. Get points in 3 blue region and fit a plane;
3. Calculate the distance from each point in red region 

to ref plane;
4. Find maximum distance;
5. Output measurement value and OK/NG;

APPLICATION-SPECIFIC DETECTION REGIONS

26
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Vorführender
Präsentationsnotizen
软件部署
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APPLICATION-SPECIFIC SHAPE / DEFECT DETECTION

27APAC PARTNERS EVENT 2017
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» Filtering algorithm tailored using the knowledge of the whole surface and part positions

APPLICATION-SPECIFIC FILTERING

28
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COMBINED INTENSITY AND 3D HEIGHT MAP 
PROCESSING

29

Measure 
position at 
the cross 
point

Locate cross 
position using 2D 
image 
processing 

Locate cross 
position using 
2D image 
processing 

APAC PARTNERS EVENT 2017
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INTEGRATE WITH 3RD PARTY LIBRARY OR CAMERA

30

5MP 
photos

Gocator 
height 
map

APAC PARTNERS EVENT 2017
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IP AND PRICING PROTECTION

31
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GDK – PRE-BUILT CUSTOM TOOLS

32

Radial surface texture

Sphere fit

Surface circle fit

Irregular length
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Imaging and advanced diagnostic methods in industrial practice                     Odborárska 21, Bratislava 

 

INSPECTION AND DETECTION OF MATERIALS USING LINE SCAN CAMERAS 
 

Pavol Polóni1 
1
 Camea 

 

Abstract  
UniscanDETECTOR is a visual inspection system designed for defect detection on metal plates, nonwoven textiles, foils, paper, etc. System was developed as 
highly modular. It is therefore fully configurable according to customer’s requirements. It can be used in various phases of production process, including 
slitting quality inspection. 
For surface scanning the system uses fastest line-scan cameras actually in production with bandwidth over 20 Gb/s. This also brings the need for high quality 
illumination of material, which was developed specially for this purpose in the form of an advanced LED unit. Thanks to the use of state-of-the-art 
components UniscanDETECTOR is able to detect defects as small as 0,1 mm2 at speeds up to 2000 m/min and strip width up to 5 m. 
Inspection results are visualized in real-time on several distributed consoles to provide a feedback for output quality of material. Operator can therefore 
instantly respond and eliminate rising problem in the shortest possible time. Significant impact for production efficiency is given by the fact that detected 
defective product doesn’t have to be uselessly processed further. All inspection reports are also archived and statistically processed to provide an overview of 
long-term production quality development. 
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APLIKÁCIE V PRIEMYSLE
APLIKÁCIE V DOPRAVE
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2

CAMEA vo svete
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Servis Stát Město MUR/SDDÚ SPEED DJČ WIM DD KTDS Kamera Rozvaděč
Ano ČR Zlín 5 12 11
Ano ČR Šternberk 2 2 2
Ano ČR Praha 79 37 20 8 74 160 654 239
Ano ČR Bílina 1 4 4

Částečně ČR Ústí n/L, D8 6 2 11 2 2 58 33

Částečně ČR Ostrava, Klimkovice 2 3 1 15 8
Částečně ČR Brno 1 1 1 8 5
Podpora ČR Kladno 1 2 9 9
Částečně Polsko - 33 15 170 66
Podpora Rakousko - 11 20
Podpora Mexiko - 6 18 6
Podpora Itálie Tierst 1 8 2
Podpora Rusko 44 128 44
Podpora Kazachstán 4 12 4

- Keňa 4 17 13CELKEM 129 44 35 87 76 160 1135 446

Aktuálny prehľad inštalácií v doprave
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Novinky
» Tipický systém 300 x 300 µm pri 4,5 m šírke a 1200 m/min

» Kamery 70 kHz 4096 pix…. 280 MB/s 
» Upgrade na 100 x 100 µm pri 4,5 m šírke a 1200 m/min

» Kamery 200 kHz 11000 pix…. 2200 MB/s na 1 kameru

5
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Líniové LED svetlo

6

» Dimenzované pre 200 kHz lps (expozicia 4 µs/r)
» Návrh vlastný extrudovaný AL profil 6000 mm
» 2500 W/m (LED čipy 10W, rozteč 4 mm)
» Chladenie kvapalinou s turbulentným prúdením
» Intenzita cca 12.000.000 lux
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Líniové LED svetlo – 3D model

7
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Extrudovaný profil

8
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Galéria - netkaná textília
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Galéria - papier
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Galéria -fólia
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Model kamerového portálu

379



SEA 2017

Inštalácie
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Meranie profilu železničného kolesa

14
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» Rozmery guľôčky: valec r = 2mm, h = 2
» Hmotnosť guľôčky: ro = 0,977g/cm3, m = 0,024g
» Počet guľôčok v 1t = 40.000.000 ks
» Pri rýchlosti 1,5 t/hod. = 16600 kul/s
» Rozlíšenie kamery 50um/px 

UniscanSORTER
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UniscanSORTER
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Unirail
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Optické čítanie UIC kódov
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Ďakujem za pozornosť.

19
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