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Hexagon in brief

- when it has to be right ewca

Geosystems

» Scandinavian conglomerate
with no core business

* Ola Rollén joins as

President and CEO and
identifies measurement
technologies as a focus
area

« Strategic acquisition of Leica Geosystems
expands Hexagon’s measurement
technologies to include both Metrology
and Geosystems offerings

NTERGRAPH

 Acquisition of Intergraph fulfils software
gap, further strengthening measurement
technology offerings

* Enables Hexagon to
develop and provide integrated solutions

- 2000 2000 - 2004 2004 - 2006 2007 — 2009 2010 -2014

 Acquisition of NovAtel adds core

W bl'Own & shq rpe fé)cmhr?gltce)giceess in GPS and inertial

Hexagon aspires to play
a leading role in the effort
to solve the challenges

Pursuit to streamline business the world is facing through

« Multiple measurement technology acquisitions, NowAtel portfolio complete
including Brown & Sharpe, begin to align

business to strategy * Now a leading global
measurement technology firm

Nearly 14 000 employees in over 40 countries
More than 3 000 employees engaged in R&D
More than 2 700 active patents in patent portfolio

in

its design, measurement
and visualisation
technologies

11% of net sales 2.4bn EUR

vested in R&D turnover
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Overview of some Hexagon product ranges

y
Portable Measuring Arms
Industrial Theodolites o
& Laser Stations / I m
/ 1
\i
s N

Laser Tracker Systems

35 G

Airborne sensors

Multisensor &

Optical Systems Automated Solutions



http://www.hexagonmetrology.com/Automated-Solutions_1678.htm
http://www.hexagonmetrology.com/CMMs---Small--Medium_224.htm
http://www.hexagonmetrology.com/Industrial-Theodolites--Laser-Stations_229.htm
http://www.hexagonmetrology.com/Laser-Tracker-Systems_231.htm
http://www.hexagonmetrology.com/Portable-Measuring-Arms_234.htm
http://www.hexagonmetrology.com/Multisensor--Optical-Systems_233.htm
http://www.hexagonmetrology.com/Sensors_235.htm
http://www.leica-geosystems.com/en/Airborne-Imaging_86816.htm
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02. Optical fibers in Hexagon Products




Well established free beam know-how in Hexagon

Electronic Guide
Light {EGL)
Emutter

Angle Measurin
System (V)
Emitter

ASS Ol

Distance Measurin:
System {EDM)
R erver

Angle Measurin
S\nlgm (M2

Emitter
ANsSs Orch

Laser Plummet
Emitter

TM30 Monitoring Totalstation

Automatic Target
Recognition
System (ATR)
R

Power Search
R vt

A

Automatic Target
Recognition
System (ATR)
Esnutter

Tilt Sensor
Ol suurface

Direct drives
P20 Corami

e Cvimder Ring

y §

Decades of experience
in precision monitoring

TE

So far, optics in Hexagon
product were largely relying on
free beam optics rather than
fiber optics
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Which hexagon products use optical fibers ?

Hexagon Geosystems

Industrial Theodolites & Total stations

(mine scanning)

ALS70
(airborne LIDAR)

)

Hexagon Metrology

Coordinate measurement
machines (CMM) & sensors

Laser Tracker Systems
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http://www.hexagonmetrology.com/CMMs---Small--Medium_224.htm
http://www.hexagonmetrology.com/Industrial-Theodolites--Laser-Stations_229.htm
http://www.hexagonmetrology.com/Sensors_235.htm
http://www.hexagonmetrology.com/Laser-Tracker-Systems_231.htm

Optical fibers in Hexagon products: examples

1. Light collection for distance measurement

I
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Optical fibers in Hexagon products:

3. DFB seed optical fiber amplifiers as

pulsed laser source

4. Shifting light emission from one location to an other

Source unit

SM fiber  Connector  SM fiber

examples

13

W\
L

Fiber
collimator

Fiber
collimator

Specialties:

L]
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L

PM with high ER
non telecom wavelength,
Very high temperature pointing stability
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p
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—
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Optical fibers in Hexagon product : New technology
y

OPTICAL SENSOR
RiR=C

Speed- Accuracy - Accessibility

Optical Measurement Reaches New Dimension

“New HP-O Solution from Hexagon Metrology
25 April 2014”
(Control Fair”, Stuttgart, Mai 2014)

LEITZPMM-C |
|

“Optical measurement reaches new dimension.
Speed, accuracy and accessibility change the rules
for scanning.

Hexagon Metrology has launched the HP-O technology
solution, a new scanning technology on stationary CMMs
based on frequency-modulated interferometric optical
distance measurement.”
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03. Presentation of the newly released
HP-O Solution




Optical technologies competing in HP-O’s “resolution vs

di

stance” range of interest

Chromatic confocal sensors
Frequency modulated interferometry
Laser interferometry (HeNe)

Two wavelengths interferometry
White light interferometry

» Resolution
m__.
HP-O area
Of interest
mm-———
pum
and . Absolute (working)
below ——_ 221 distance
| | | .
| |
um and mm m km and
below above

Source: Advances in Optics and Photonics 4, 441-471 (2012), Garry Berkovic

Acronyms:

WLI = White light interferometry

TOF = Time of flight

FM-CW = Frequency modulated
continuous wave

OCT = Optical coherence tomography
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HP-O way of operation
)

Coordinate measurement machine

Optical probe controller Arm with
3 axis motion
Tunable Fibered L~ / T ‘

source components
L1 “1.Optical interface
Detectors
+DAQ Optical

probe head

Optical head — optical fiber ' Object on
TR rotation table

Tool changer N

e — R
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Optical probe head configurations proposed

Different pointing directions

u
1
i
i
- - — — - w (measurement range, spot size)
10 cm
Manually
rotatable

Short-range
(0.4 mm, ~10 pm)
0’ 90° \ 30°
45 mid-range
(2 mm, ~40 pum)

Different stylus configurations
2 U E 1 1 2 Different beam shapes

20 cm

long-range
(30 mm, ~200 pm)

30cm

All combinations are possible
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HP-0 Technical Specifications

Proba Typa frequeaney modulated intarfaramatric
optical distanca measuramant

Laser Wavelangth 1850 rm

Laser Class 2

Probe Measurameant Directions 0%, 40"

Probe Shaft Dimensions

=100mm a3/ 5mm

Probea Typas Fixad / Adjustable (3-joint)
Probe Waight -180g
Measuramant range + 10 mm long-range

+ 1 mirm mid-range
*+0.2 mm short-range

Working Distance

1615 mm (080 lang-ranga
10.5/9.2 mm (0/90°) mid-ranga
6.5/4.3 mm (0/90%) short-ranga

Spot Size 180 pr lang-ranga

(in focus) 40 pm mid-ranga
11 pm short-range

Accaptance Angle +10° long-ranga

(rough matal surface)

*30° mid-range
+ 30° short-rangs

Accaptanca Angle
[mirrer surface)

+0.3% long-range
*1° mid-range
+ 4% short-range

Rasoluticn

0.9 nrm

Rapaatability on an optical surfaca

0.2 prm {3 &)

Cragh Protaction

®).2 via spring force of stylus module

Output signal

digital 24-bit via USE

Styli lengths

100 mem

Measurement range

{

1 \
short-range

mid-range

long-range

Measurement angle

| -

QEI':\-..

Laser direction

——

4

HP-O preliminary specifications (technical announcement)

)
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HP-O measurement example: Tactile vs optical measurement

)
Object measured: turbine housing, @25.8cm scanned at 20mm/s.
Filter: moving average on 50 datapoints.
Scanning taktil Scanning optisch

Raw Data
Filtered
measurement
|deal form
(circle)

HP-O measures the same “form error” of 4um than a tactile machine
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04. Automatic Optical Connection




Optical connection test with an automatic arm
)

The automatic connection of the optical head requires to be specified for
100’000 connection cycles, where standard connectors are typically specified
for 1°000 manual connections only

Connection challenges:

« Transmission still high after 100'000
connection (loss <~1dB)

« Connector cleaning methodology: when
and how to clean both interface sides ?

1.2

[y

o
)

Loss in dB
o
[+2]

S c
'S

o
[

w + connection loss
. ?
.
4 i .

H . . ﬁ —— cleaning event
‘‘‘‘‘‘

T T T T T 1
20'000 40'000 60'000 80'000 100'000 120'000

(=]

o

Number of connections
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Summary
y

- Examples review of fiber assemblies used in Hexagon

* Presentation of the new HP-O solution for CMMs (coordinate measurement
machines)

« Automatic pickup of optical probes, allowing 100’000+ connections
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