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Abstract: The term optical profilometry is used in relation to a group of methods used in a rapid,
non-destructive, and non-contact assessment of surface topography. Those methods play a signifi-
cant role in the area of a modern advanced laboratory and industrial 3D measurements. With the
development of profilometric methods, a large progress in the construction of optical profilometric
instruments and measuring sensors used in them, including confocal sensors based on the chromatic
light aberration phenomenon (CLA) has been observed for several years. The paper shows that the
Talysurf CLI 2000 multisensory optical profilometer equipped with a CLA sensor can be used in
high-accuracy 3D measurements of the uncirculated and circulated coins. The assessment of such
type objects characterized by a high variability of altitude can be extremely helpful in analyzing
the actual metrological properties of measuring equipment used in their measurements.
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1. INTRODUCTION

The development of many modern machining
techniques is accompanied by the dynamic development
of new measurement methods, allowing in a wide
range of characterization of the properties of the parts
being produced, as well as verifying the correctness
the shaping of their surface in terms of specific criteria
considered in the given case. One of such key criteria
is the condition of the surface layer analyzed in relation
to the elements of the surface texture (especially surface
roughness and waviness). These issues were described
in detail in the works of Whitehouse [1] and Leach [2,
3]. The assessment of the abovementioned elements is
quite difficult, mainly due to the complex nature of the
surface — including occurrence of irregularities with
arelatively wide range of the heights. These

conditions lead to the need to develop new or
a modification and adaptation of existing measurement
methods, and thus develop new technical solutions in
the field of measuring apparatus, which will allow one
to provide the ability to carry out the measurement of
the indicated features with high accuracy and in
ashort time, both in laboratory and industrial
conditions.

In 3D surface metrology, according to the ISO EN
25178-6 standard [4], two basic groups of methods
dedicated for assessment of the surface texture can be
distinguished. These are groups of line profiling and
areal topography methods. The first, used in much
more cases, includes contact and non-contact (optical)
profilometry methods. These methods have been
described in detail in many fundamental works from
this area presented by Stout [5], Blunt and Jiang [6].
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One of the dynamically developing for many years
groups of areal topography methods are techniques
based on optical profilometry including, i.e. light
sectioning methods, moiré, optical stylus, confocal,
interference and focus-variation microscopy. Wide
metrological possibilities, especially in relation of
many advanced variants of the last of these methods,
described in the works by Miti¢ et al. [7], D'Acquisto
et al. [8], Qu et al. [9], Grimm et al. [10], de Groot
[11] and Kaptonek et al. [12], increased the interest of
high-accuracy optical measurements in a many industrial
applications, which in turn forced the development of
a new class of measuring instruments. These aspects,
relevant to the review of selected technical solutions
used in optical profilometry methods with relation to
the construction of instruments and measuring sensors,
with a particular emphasis on confocal sensors based
on chromatic aberration phenomenon are the main
content of this paper. The above considerations have
been extended in its final part examples of the use of
one of the profilometric instruments — multisensory
optical profilometer Talysurf CLI 2000 (Taylor-
Hobson, Leicester, Great Britain) in high-accuracy 3D
measurements of the uncirculated and circulated coins.

2. OPTICAL PROFILOMETRY -
INSTRUMENTS AND SENSORS

First commercial optical profilometers began to
emerge in the early 1980s. These instruments were
produced by a few companies — Chapman Instruments
[13], Wyko [14] and Zygo [15]. The general principle
of operation of a such classic instrument was to
illuminate the a selected area of examined surface with
a focused beam of light, whereby the location of focus
of the light wave in relation to this surface was
analyzed. The reflected beam returned to the optical
system and was directed to photoelectric detectors
coupled with the electronic analysis system. The result
of operation of such a system was the appropriate
transformation of the measurement signal and its
visualization in the form of pseudo-colour map, in
which the heights of surface irregularities were coded
by appropriate color. Detailed description of some of
them can be found in the works by Sommargren [16],
Makosch and Drollinger [17], Wyant et al. [18]
Downs et al. [19], as well as Lange and Bhushan [20].

Over time, optical profilometers, similarly to
contact (stylus) instruments, were equipped with moto-
rized x-y measurement stage, intended for the imple-
mentation of a high-accuracy measurements of the
surface micro- and nanotopography of e.g. optical ele-
ments, working standards (gauge blocks), silicon wafers,
HDD platters covered with a layer of magnetic carrier.
The realization of 3D measurements based on surface
scanning could take place not only in the horizontal
plane (registration of a single profiles in the x axis, with

a shift in the y axis direction), but also in a rotational
way (registration of circular and spiral profiles).

Despite of the improvement of optical profilometers
designs over the years, their users struggled with the
problems resulting from the assessment of the same
surface by various measuring methods. In some
situations, when the use of the contact (stylus) method
was strongly limited, the results obtained had to be
supplemented with those registered by other methods.
This caused numerous complications resulting from
each time calibration of instruments, setting of new
parameters for each method, a separate analysis of the
obtained data by various types of computer software,
etc. As a result, it significantly influenced the time,
accuracy and repeatability of measurements as well as
the cost of carrying the measurement procedure, hence
increased the cost of research work.

The engineers from the leading companies in the
field of measuring technology noticing the above
mentioned problems undertook actions aimed at
developing an instrument combining the possibility of
surface texture assessment with various measurement
techniques within one hardware platform. In this way,
a new class of integrated measuring instruments with
amodular construction called optical multi-profilo-
meters or multisensory optical profilometers was
developed. These instruments are characterized by an
open architecture allowing for the adjustment of
appropriate measuring sensors to the specifics of
a given measurement task. The big advantage of such
a solution is the ability to perform a comprehensive
assessment of a given fragment of the analysed
surface, which can start from its careful observation
using a high-resolution TV camera. Next on the selected
area of the surface, contact, non-contact or pseudo-
contact measurements are carried out (using given
type of sensor), and the obtained data is analysed using
a computer software. The problem of the appropriate
location of the previously observed surface fragment
and the implementation of the exact measurement on it
is realized by the motorization of all mechanical fun-
ctions with a special vision system. A concept of such
system and other improvements on an example of one
of the class of optical profilers — interference micro-
scopes was presented in the work by Freischlad [21].

The family of multisensory optical profilometers
Talysurf CLI (Chromatic, Laser, Inductive) produced
by British company Taylor-Hobson has been very
popular on the global market for several years [22]. In
the years 2003-2004, a new class of those type of
instruments, designated CLI 500, CLI 1000 and CLI
2000, respectively was introduced. A general view of
the Talysurf CLI 2000 — a leading instrument from this
group used by the authors in research works presented
in the next section of this paper, alongside a schematic
diagram that shows the main units of other instrument
form Talysurf family — CLI 1000 is depicted in Fig. 1,
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Fig. 1. General view of the multisensory optical profilometer Talysurf CLI 2000 produced by Taylor-Hobson equipped with
CLA sensor (left) and schematic diagram showing the main units of Talysurf family instruments on the example of the
CLI 1000 (right)
Tab. 1. General specification of the Talysurf CLI family optical profilometers
Measuring Axis Dlme.nm.ons Weight Speed
Inst t it Travers . (Main in- . - . I
strumen capac1l)y, leneth Resolution, strument) Capacity, Main in- Measuring,  Positioning,
mm renngl by um? mm P ’ kg strument, kg mm/s mm/s ¥
50%x50 500%x310
CLI 500 %50 50 0.5 %450 10 55
100x100 500x500 05,1,5,
CLI 1000 %100 100 0.5 <750 20 105 10 15, 30 30
200x200 800x800
CLI 2000 %200 200 0.5 %800 29 280
D LxWxH, ? X-Y-Z, ® data spacing X-Y, ¥ X-Y axis
Tab. 2. Specification of the sensors used in the Talysurf CLI family optical profilometers
Sensor Scanning Measuring AResolutlon Measuring Speed,
Type Designation frequency, range, mm Vertical, Lateral, slope,® mm/s
P gn Hy ge, um um pe.
o 0.1,0.5, 2)
Inductive - - 259 0.002, 0.01, 0.04 2 45 3
LK-0317 10 1 30 40
Laser ~ ————=— 2000
LK-081 30 3 70 25
RB-300 0.3 0.01 1 25
Confocal RB-400 04 0.02 - - 30
ot __RB-800 5000 038 0.025 - -
RB-1000 1 0.03 2 20
RB-3000 3 0.1 5 13

D Sensor is equipped with the stylus (/ = 58 mm, & =7 mm) with 2 um radius diamond tip,  Values are selectable, * Produced

by Keyence Corp. (Osaka, Japan)

whereas the general specification of the Talysurf CLI
optical profilometers is given in Tab. 1.

Talysurf profilometers architecture do not differ
from the contemporary construction standards used for
this type of solutions. The system (in CLI 2000 version)
is included an anti-vibration granite base, providing
a high-stability, with gantry to which a sensor cover and
a vertical slide (z axis) are mounted. On the base,
a motorized measuring stage designed for realization
of precise work movement in the x-y axes with keypad
for its control and emergency stop button has placed.
The measurement process is realized by the use of
Talyscan CLI 2000 ver.2.6.1 software provided by the
system manufacturer, whereas the visualization of

measured surface and analysis of its surface
topography is carried out by TalyMap Silver ver. 4.1.2
software, using Mountains Technology™ (Digital
Surf, Besangon, France). The all system ele-ments are
operating under the control of an operational controller
Volcanyon® (Taylor-Hobson, Leicester, Great Britain).
An interesting comparison between above system and
NewView100 (Zygo Corp., Middlefield, CT, USA) was
presented in the work by Guo et al. [23].

As already mentioned in the optical profilometery,
depending on the area of application and the complexity
of measurement tasks carried out in its framework,
various types of measuring sensors are used. Sensors
can generally be divided into three main groups:
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Fig. 2. General view of CLA sensor used in multisensory optical profilometer Talysurf CLI 2000 produced by Taylor-Hobson
(left) and schematic diagram showing the operating principles of this sensor based upon the chromatic aberration

phenomenon
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Fig. 3. Schematic diagrams presenting the two forms of
chromatic aberration: a) longitudinal chromatic
aberration, b) lateral chromatic aberration [26]

contact, inductive sensor using contact tip made of
synthetic diamond with pressure force in arange
from 0.6 to 2.0 mN (for conventional materials) or
inductive sensor using contact tip with low
pressure force 0.01 mN (for soft and brittle
materials),

non-contact (optical), confocal point sensor (CF),
confocal chromatic sensor (CLA), triangulation
sensor, interference sensor (PSI, VSI), holographic
sensor (CP),

pseudo-contact, integrated module of atomic force
microscope (AFM).

The Talysurf CLI 2000 is equipped with a set of
three sensors described in detail in the work by
Kaptonek et al. [24] and additionally characterized in
Tab. 2. One of the most interesting sensors used in
optical profilometers is the confocal chromatic sensor
(CLA) based on chromatic aberration (also referred as
chromatic distortion or spherochromatism). This

phenomenon is related with a feature of optical system,
which is caused from different distance of focus (due
to the different value of the refractive index) for
different wavelengths of light, which was presented by
Marimont and Wandell in the work [25]. This results
in the dispersion of light, which can be visually
observe along boundaries of the contrasting areas
(dark and bright parts of the image), in the form of
acolored "fringes". Chromatic aberration appears in
two forms (longitudinal and lateral), presented in Fig.
3 and detail described by MacEvoy in the work [26].
The idea of using the chromatic aberration pheno-
menon in non-contact profilometric measurements was
presented in 1984 by Molesini et al. in the work [27].
Numerous improvements to the measurement method
based on this phenomenon introduced by the years to
its many variants resulted in developed the ISO EN
25178-602 standard [28] for non-contact instruments
using confocal chromatic sensors for measuring surface
texture. The principle of the operation of the CLA
sensor used in the Talysurf CLI 2000, schematically
presented in Fig. 2, consists in illuminating by a white
light [29], transported from the source to a beam
splitter and next through a spectral aberration lens, of
the small area of examined surface. The lens
intensifies a chromatic aberration, what resulting in
a variable focusing depth. The beam is focused only in
one certain point of the surface, which is characterized
by a given height of irregularities. The light reflected
from the surface is directed to the optical pinhole, that
transmits only the beam with a specific wavelength
[2]. This situation is extremely beneficial, because
eliminates the errors caused by beams with different
wavelengths of light. The beam, after passing through
the spectrometer grating, deflected the light onto
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Tab. 3. Exemplary areas of applications of the Talysurf CLI family optical profilometers equipped with CLA sensors

Talysurf CLI

Area Applications 300 10002000 References
Analyses of the woods surface quality after the + Svatos et al. [30],

g gb machining process Novik et al. [31]

§ § Measurements of the engraved by Nd:YAG laser + Leone ef al. [32]

’§ -ED cavities of the samples made of wood ’

= § ~Measurements of the surface topography of polishing + Guo et al. [33]
pads used in CMP process )
Measurements and analysis of the surface topography e
of replicas made from SILOFLEX dental silicone + KubiSovd ef al. [34]
Measurements of the surface topography of White
Delrin nylon and timber sample " + Islam et al. [35]
Measurements of surface roughness of the RAFM + Purushothaman et al. [36]
samples before aluminizing ) ’

- %D Measurements of topography of the powder + Barletta [37], Barletta ef al. [38],

= g _and diamond-coated surfaces Polini and Barletta [39]

Q

§ 'éo Measurements of topography of the as-deposited + Komath ef al. [40]

o sample surface (Ti implant) :
Measurements of surface topography of TiMo + Ghiban ef al. [41]
biomedical alloys .
Measurements of worn surface topography of AISI o .
type 316 L(N) steel disc + Parthasarathi et al. [42]
Surface topography of UAM processed aluminium + Li et al. [43]

substrates

D Authors used also the inductive (stylus) and laser triangulation sensor

a CCD matrix detector in order to interpolate the spatial
position of the mea-sured point. The measurement is
realized in a confocal configuration in which the
extended focusing depth is obtained by the use of
chromatic color coding and spectral interferometry.

The currently manufactured CLA sensors have
arelatively high sensitivity and a high range of
focusing depth, which are their undoubtedly their big
advantages relation to other sensor types. The typical
measuring range is usually from ~0.3 mm (in some
devices even from 0.1 mm) to ~60 mm (resolution of
~0.005-0.9 pm).

Additional advantages of CLA sensors are their
wide measurement possibilities in relation to a various
types of surfaces characterized by a low height of the
surface irregularities (smooth and super-smooth sur-
faces after finish machining) and a high height of the
surface irregularities (conventionally used elements
made of metals and its alloys, plastics as well as
rubber) as well as transparent and semi-transparent
surfaces (elements made of glass and plastics). The
small diameter of the light spot (usually from ~3.5 pm
to ~100 pm) allows for the measurement of a compli-
cated and cumbersome electronic components, such
as: small diameter wires, pins on PCBs and connectors.

The above mentioned advantages predispose to
use CLA sensors in many areas of laboratory and
industry-oriented application, in which fast and high-
accuracy assessments of the analyzed surfaces realized
in a non-contact way is needed. Some of these areas,
on the example of using the Talysurf CLI family

optical profilometers equipped with CLA sensors, are
presented in Tab. 3.

3. EXPEIMRNTAL STUDIES

Determining the actual metrological capabilities of
a given measuring instrument is a rather complex
issue. It depends on parameters of used instrument,
type and features of analyzed object (e.g. its geometry,
surface characteristics) and the adopted measurement
methodology. To determine such capabilities, a wide
range of measurements of various types of typical and
untypical objects supported by a proper interpretation
of obtained results should be carried out.

The surface measurements of the coins are intere-
sting in this case. On these objects (on obverse and
reverse side) a many of convex or concave elements
(e.g. legend, motto, design, mint mark) characterized
by a wide dimensional range are appear. The assess-
ment of such a relatively complex surface, from a point
of view of its dimensions and shape, gives an interesting
opportunities for testing both measurement procedures
and subsequent determination of the metrological
capability of the measuring instrument used.

In this section, selected results of experimental
studies of uncirculated and circulated coins obtained
using the multisensory optical profilometer Talysurf
CLI 2000 produced by Taylor-Hobson equipped with
CLA sensor are presented. The authors showed several
representative examples of various analyzes possible
to realized by the TalyMap Silver ver. 4.1.2 software,
based on data obtained from the measuring instrument.
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ANALYSIS OF SURFACE CONDITION OF THE UNCIRCULATED AND CIRCULATED COINS
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AMPLITUDE PARAMETERS

Sa=10.021 mm | Sg=0.026 mm | Sp = 0.212 mm | Sv = 0.068 mm |
St=10.280 mm | Ssk = 0.663 | Sku =3.950 | Sz =0.140 mm

MEASURED SAMPLE
Thickness: 1.6 mm | Mass: 5.1 g
MEASUREMENT CONDITIONS

Sample: Polish coin | Value: 1 zloty | Years: 1990-2016 | Shape: round | Material: Cooper-nickel MN25 (CuNizs) | Diameter: 22.8 mm |

Area of a single topography (axes x, y, 2): 10<10-0.28 mm | The number of profile points (axis x): 1000 | Distance between profile points
(axis x): 10 pm | The number of profiles (axis y): 1000 | Distance between profile points (axis y): 10 pm

Fig. 4. The collection of results obtained by advanced optical profilometer Talysurf CLI 2000 equipped with CLA gauge for
obverse surface of the coin (County: Poland, Value: 1 z1) in a condition: a) uncirculated (without visible surface wear);
b) circulated (with visible slight surface wear — worn areas of the coin marked as 1-8) [43]

All presented examples were extended by
a detailed commentary. In Fig. 4 a collection of results
obtained for two polish coins (value: 1 zl, issue year:
1990 and 1994) [43], are presented. Coin from Fig. 4a
was in a un-circulated condition, whereas coin from

Fig. 4b circu-lated. The collection included the
following features (from top to the bottom): 2D
pseudo-color surface map (indexed colors) with
extracted a single profile, 3D surface topography (in
representation as a mesh and continues axonometry),
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MEASUREMENT CONDITIONS
(LION’S HEAD)

Area of a single topography (axes x, y, z):
3.45+3.45-0.20 mm | The number of pro-
file points (axis x): 3451 | Distance between
profile points (axis x): 1 pm | The number
of profiles (axis y): 493 | Distance between
profile points (axis y): 7 pm

Fig. 5.

The collection of results obtained by advanced optical profilometer Talysurf CLI 2000 equipped with CLA gauge for

reverse surface of the circulated coin (County: Great Britain, Value: 5 pence): a) 2D pseudo-color surface map (indexed
colors) with extracted a two single profiles (above); b) contour diagram; c) extracted from Fig. 5a surface area
(4.52x4.02 mm) with marked worn areas 1-4; d) extracted from Fig. 5a surface area (3.45x3.45 mm) with marked

worn areas 1-3

values of selected 3D surface texture (amplitude)
parameters as well as brief information related to
measured sample and measure-ment conditions. The
presented obvervations are interesting due to the

possibility of detailed study of changes in their
geometry caused by wear. In this case, it is worth
comparing identical fragment (10x10 mm) of both
coins for which a 2D pseudo-color surface map was
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ANALYSIS OF SURFACE CONDITION OF THE CIRCULATED COIN
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50 05 1 15 2 25 3 35 4 45 5 55 mm

Fig. 6. The collection of results obtained by advanced optical profilometer Talysurf CLI 2000 equipped with CLA gauge for
obverse surface of the circulated coin (County: Sweden, Value: 5 ore): a) image fusion of real image of the coins
surface and a two 2D pseudo-color surface maps (indexed colors) with extracted a pair of single profiles (above and
below); b) 3D surface topography (in representation as a continues axonometry) of the crown located at upper area of
the coin (7.60x5.24 mm); c) 3D surface topography (in representation as a continues axonometry) of the roman
number X VT located at lower area of the coin (6.00x3.77 mm)

generated as a result of measurement. Maxi-mum the circulation coin it is smaller by 0.04 mm, which
height of the surface elements (design, legend) in the  confirms the occurrence on it a relatively low-level of
uncirculated coin doesn't exceed 0.21 mm, while for  the wear. It is particularly visible in the areas marked
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on the surface of the circulation coin, which included
a numerous elements e.g. design (1-3, 6), legend (4, 7,
8) and mint mark (5). The only areas of comparable
height are the internal areas around design for which
the wear was minimal.

Below the half of both 2D pseudo-color surface
maps, two single profiles were extracted (profile type:
West-East, point: 637). They present a fragment of the
base surface (field) of a coin with a length of 10 mm
and a slope of 3.5°, which is directed towards the rim.
In the half, the each profile is intersect by a fragment
of the design (eagle's claws) with a height 2 =0.106 mm
(uncirculated coin) and 4 = 0.065 mm (circulated coin),
respectively. Analysis of these both profiles clearly
shows on which level the worn of the circulated coin
was occurred and consequently, the distortion of the
profile of the base surface (field) and the design. The
height of this element measured for the circulated coin
was lower by 38% in relation to uncirculated coin.

The above results were complemented by
acollection of a 3D surface topographies.
Combination of surface representation (mesh and
continuous axonometry) and rendering mode (color
mesh and photo+gray palette) enable to a proper
surface visualization, which is useful when observing
those areas that are characterized by the occurrence of
significant wear. Also in Fig. 4 the values of selected
3D surface texture (amplitude) para- meters detailed
information about the analyzed samples and
measurement conditions were additionally given.

In Fig. 5 a collection of results obtained for British
coin (value: 5 pence, issue year: 2011), are presented.
The general view of the coin in circulated condition pre-
sented in a form of 2D pseudo-color surface map
(indexed colors) is shown in Fig. Sa. In the central part
of the coin, a vast area of relatively slight (in terms of
surface height) wear is clearly visible. This circular area
(13.78x13.78 mm) was marked (1) in Fig. 5a as well as
(1) in Fig. 5b, which presenting surface of the coin in
a form of contour diagram. The height on the diagram,
in the range 0-365 pm, is sliced for four levels. The
surface wear corresponds to the lowest level — 73 pm.

From the Fig. 5a, a two single profiles were
extracted (profile type: West-East, point: 456 and 519).
First profile present a fragment of the base surface
(field) with rim and a part of design element in its
center. The rim at left side of the coin characterized by
a much higher height (& = 248.23 pm), than the rim at
right side (h = 198.78 um), what indicates the creating
of the wear in this direction. Second profile present
a fragment of the base surface (field) and denomination.
The lettering FIVE PENCE is characterized by
Nypean = 98.38 um. From this same image, the two areas
located at the right-bottom of the coin and presenting
one of the element of the Royal Shield — the lion were
also extracted. The lion was divided into two individual
subareas depicted in Fig. 5c (4.52x4.02 mm) and Fig.

5d (3.45%x3.45 mm) in a form of 2D pseudo-color
surface maps (indexed colors). Within of this fragment
of the coins surface there are also located areas, which
are characterized by the occurring of the wear. These
areas were marked (1-4), (1-3) respectively. Similarly
to Fig. 4, additional information related with selected
3D surface texture (amplitude) parameters as well as
detailed description of the analyzed sample and
measurement conditions were also given.

In Fig. 6 a collection of results obtained for
Swedish coin (value: 5 ore, issue year: 1981), are pre-
sented. For a better visualization of its wear authors
prepared an image fusion (Fig. 6a), which is a combina-
tion of real image of the coins surface with a two 2D
pseudo-color surface maps (indexed colors). The maps
were obtained for a two characteristic elements — the
crown, located at upper area of the coin (7.60x5.24 mm)
and the roman number XVI, located at lower area of
the coin (6.00x3.77 mm).

A visual analysis of the coins surface indicates
that it was in circulation. There are minor distortions
of all its elements. This applies to both field as well as
the device and the rim. In addition, several small
scratches of varying length and depth are visible.
Obtained 2D pseudo-color surface maps (indexed
colors) expressly indicate the occurrence of worn out
areas. The differrence between heights of these areas is
in a range 20 to 30 pm. From both maps a two pairs of
a single profiles for a parts of crown (profile type:
West-East, point: 474 and 616) and parts of roman
number XVI (profile type: West-East, point: 227 and
683) were extracted as well as, additionally a 3D
surface topographies (in representation as a continues
axonometry) (Fig. 6b and Fig. 6c, respectively). The
complement of the above analyzes, as in the case of
those shown in Fig. 4 and Fig. 5, are values of selected
3D surface texture (amplitude) parameters calculated
for area from Fig. 6b and Fig. 6c, respectively,
detailed information about the analyzed samples as
well as measurement conditions.

4. CONCLUSIONS

On the basis of the experimental studies related
with the analysis of possibilities of using the multi-
sensory optical profilometer Talysurf CLI 2000 pro-
duced by Taylor-Hobson equipped with CLA sensor in
measurements of the uncirculated and circulated coins,
the following detailed conclusions can be drawn:

— anumber of challenges posed by modern branches
of manufacturing industry in relation to metro-
logical equipment cause the efforts of its manu-
facturers to  continuously  improve  the
measurement and analysis methods;

— an important area of modern industrial measure-
ments are 3D surface texture measurements
realized by wide range of areal topography
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methods based on optical profilometry including,
i.e. light sectioning methods, moiré, optical stylus,
confocal, interference and  focus-variation
Mmicroscopy;

— optical profilometers play dominant role in
accurate 3D surface texture measurements. For
over 20 years, group of a multisensory optical
profilometers are successfully used. These
instruments connect usually afew measurement
methods as part of one hardware platform, what is
a big advantage of such solution. An example of
such an instrument, described in detail in this work
(Section 2), was multisensory optical profilometer
Talysurf CLI 2000 (Tab. 1), equipped with
confocal chromatic sensor (CLA) based on
chromatic aberration pheno- menon (Tab. 2);

— the authors presented the measurement
possibilities of the above instrument in relation to
the surface assessment of the uncirculated and
circulated coins (Section 3). These objects are
particularly interesting with metrological point of
view due to the presence of many convex or
concave elements on their surfaces, which
characterized by a high varia-\bility of altitude and
shape;

— assessment of the coins surface realized by optical
profilometry methods, e.g. in the field of reco-
gnition and analysis of areas containing defects
and above all wear, may be helpful in the sele-
ction of an appropriate mint alloy with increased
durability and resistant for wear.
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Nomenclature

Symbols

h — height, um

Sa — arithmetic mean deviation of the surface, um
Sq — root mean square height, um

Sp — maximum height of peaks, pm

Sv — maximum height of valleys, um
St — total height of the surface, um
Ssk — skewness of height distribution, —
Sku — kurtosis of height distribution, —
Acronyms

AFM — Atomic Force Microscopy(e)

CCD — Charge-Coupled Device

CF — Confocal Point Sensor

CP — Holographic Sensor

CLA — Chromatic Light Aberration Phenomenon

CLI — Chromatic, Laser, Inductive

CMP — Chemical Mechanical Planarization

HDD — Hard Disc Drive

ISO — International Organization for Standardization
LTCC — Low Temperature co-Fired Ceramics Technology
Nd:YAG - Neodymium-doped Yttrium Aluminum Garnet
PCB — Printed Circuit Board

PSI — Phase Scanning Interferometry(ter)

RAFM - Reduced Activation Ferritic Martensitic

UAM — Ultrasonic Additive Manufacturing

VSI — Vertical Scanning Interferometry(ter)
Terminology

Circulated — term used in relation to coin, which is currently
or was in the past in circulation as a means of payment
(money). Such coin is usually characterized by a various
condition of the surfaces wear.

Denomination —proper description of a currency amount for
coins or banknotes.

Design (Device) — pattern or emblem used in the coin.

Field — background area of the coin without pattern, emblem
or inscription.

Legend — principal inscription on the coin.

Mint mark — small letter (or other symbol), indicating in which
mint the coin was manufactured under the government
authority.

Motto — word, sentence or phrase inscribed on a coin to
express a guiding national principle.

Obverse — front or heads side of the coin.

Reverse —back or tails side of the coin.

Rim — raised portion of the design along the edge that protects
the coin from wear.

Uncirculated — theoretically, a coin that has never circulated
and thus retains all of its original mint condition.
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