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RETRIEVING THE SURFACE RELIEF COMPONENTSUSING
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It is known that for the determination of mechahicmrrosive and tribological parameters,

such terms as “roughness” and “waviness” are aftad. Filtering in the frequency domain is

used to extract these components from the totiefréln approach to determining the optimum

value of the cut-off frequency for 2D Gaussiarefilis proposed to obtain the surface relief by
three-step phase-shifting interferometry with dbriteairy phase shift of the reference beam.
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BITHOBJIEHHSI KOMIIOHEHTIB PEJIbE€®Y IIOBEPXHI
3A JOIIOMOTI'OIO ®A303CYBHOI IHTEP®EPOMETPII
TA TAYCCIBCBKOI'O ®IJIBTPA

I. B. Cracumun, 10. M. Kouro6a, JI. I. Mypascbkuii, T. 1. Boponsik
®Dizuko-mexaniunuii incTutyt im. I'. B. Kapnenka HAH Ykpainu, JIbBiB

JInist BiJHOBIICHHSI KOMIIOHEHTIB LIOPCTKOCTI Ta XBHJIICTOCTI 31 3arallbHOTO penbedy BUKOPH-
CTOBYIOTh (PUIBTpAIlif0 B YACTOTHIN 001acTi. 3alpOIOHOBAHO MiAXiM sl BU3HAYCHHS OITH-
MaJIbHOTO 3HAYEeHHs 4acTOTH Bixciuku mius 2D-raycciBepkoro ¢inbTpa, mod oTpuMaTH penbed
MIOBEpXHi 3a JOIOMOTOI0 TPHUKPOKOBOI (ha303CcyBHOI iHTepdepoMeTpii 3 HOBUIBHHM 3CyBOM
¢a3u omopHOro Iy4ka. Po3paxoBaHi Tak KOMIIOHEHTH IOBEPXHI NPHUAATHI A BU3HAYCHHS
MEXaHIYHHUX, KOPO3iiHUX Ta TpUOOJIOTiYHUX MapaMeTpiB MaTepiany.

KurouoBi cnoBa: 2D ginempayis; inmpepepomempis; penvegh nosepxui; wopcmicmo; xeu-
JAACMICMb.

Investigation of the surface relief of the matesgatface is an actual task for the
control and evaluation of the quality of the asskshunder the static and cyclic loads
or in an aggressive media. At the same time, in&biva parameters can be both sur-
face macro- and micro-relief. Various methods aedufor retrieving the total relief,
which can be divided into contact and non-contawtso Among the non-contact
methods, the most widely used today are SEM [Hjitali holography [2], and phase-
shifting interferometry (PSI) [3]. We propose a napproach to the reconstruction
of the surface relief using the three-step pha#férghinterferometry method with an
arbitrary phase shift of the reference beam [4]s Timethod allows the extraction of the
surface relief components using two sequentiahiiens with filtration in the frequen-
cy domain (FFD).

At the stage of separation the roughness and wssinemponents, there is a
problem of choosing the optimal filters and theargmeters. In the three-step method
the problem is complicated, since the filtratiorog@dure must be applied twice.
Therefore, in this paper we consider the applicatid 2D Gaussian filter to separate
the components of a total surface relief, namelysBitiace roughness and 3D wavi-
ness, by the three-step PSI method. By retrievivegsurface relief components from
the simulated test phase map and comparing thenitied ones, the optimal parame-
ters for this filter are selected and an approael ¢an be used for other 2D filters is
proposed.

Mathematical description of the tree-step PSI method. The essence of the
three-step phase-shifting interferometry methodsiste in sequentially recording of
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three digital interferogramig(x, y) with an arbitrary phase shift of the referencarbe
The phase map of the surface relief is obtainemutsie following relation:

o(xy)= arctar(—%), (1)
where:
b=[1(xy) = 13(xy)]sino g+ [ 1 5(x.y) =1 4(xy)] sirot 5, 2)

c=[12(xy) = 13(xy) [+ [ 13(xy) = T1(x.y) | com p+[ 1 {x y) =1 {x y) | cos 5.(3)"]
The value of the phase shiftl between two interferograms is obtained from:

<[I1(x, y) —<I1(x,y)>J[In (x.y) —<In (xy)>}>

O,y =arccos , (4)
O1,(%y) 914 (x.y)

wherec denotes standard deviation.

The obtained surface phase map contains informatiout the 3D roughness and
waviness of the object. After that the surfaceefeomponents are obtained using the
FFD with two iterations according to the algoritlgiven in [4]. At the first iteration,
the FFD is applied to the continuous cos and sinpaments of the phase map. At the
second iteration the 3D roughness and waviness @oemts are separated. Moreover,
the roughness is calculated by subtracting theltreguvaviness component from the
initial surface relief.

Obviously, during the relief components retrievimgthis method it is important
to choose the optimum cut-off frequerfgwnt each iteration step.

Description of considered 2D filter. In general case the FFD of initial image
F(x, y) can be described by the following equation:

F'(xy) = FFTH{G(x y) FFT{F (x.y)}} , )

whereFFT{...} denotes fast Fourier transforrg(x, y) represents the transfer function.
We propose to use the Gaussian filter for extractib3D surface roughness and
waviness from a retrieved surface relief becauisefilter is often used to perform the
specified operation. In this case this filter skl two-dimensional, that is
2.2

Ggauss (X, y) = ex[{_ . D+2V :l , (6)

0
whereu, v are the image coordinates in the frequency domain

DO = \/uc2 +V02 ' (7)

The 3D representation of the Gaussian filter issshim Fig. 1.

Fig. 1. General view of the 2D Gaussian filter.

Using the proposed filter a technique for deteritiimaof the optimal values of
the cut-off frequency is developed.
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Description of the technique for determination of the optimal cut-off frequ-
ency. To implement the proposed technique a test susiaseproduced. It contained
the 3D surface waviness(x, y) and 3D surface roughnes, y) components. The
waviness component was obtained using standardidantpeaks” with dimension
500%x500 pixels. The roughness component was olotaiyeadding Gaussian noise
with a value £0.065m. The general view of the test surface is showFign 2.

17 um

5.0 mm

Fig. 2. Test surface.

After that the phase map of the test surface (8ge3B is obtained using conven-
tional formula for retrieval of a phase map that is

Im (exp[iT (x y)])
Re( exiT(x ,y)])

whereT(x, y) stands for the total relief, which consist of
3D roughness and waviness components.

Using the obtained phase map the relief components
of the test surface were separated by the doudiatibn
algorithm described in the previous section. Fdimeging
the errors the standard deviation between theainiglief
components and those obtained by our algorithm was
considered. At each iteration step the valud.dbr the
Gaussian filter was set within the range 0.0012 2Tufn ™.

Results and discussion. It is established that the error
value is rather small and varies insignificantlythin the
entire proposed frequency range. Starting from DA™ a rapid error increase is
observed. However, for the first iteration step #imeallest value of the error for 3D
surface roughness and waviness is achieved ataffduequency close to this region
(f1 = 0.0188um™).

A quite different situation is observed when chagsihe optimum cut-off frequ-
ency for the second iteration step. The featurabeinterconnection between the cut-
off frequencies on two iteration steps are showth@graph in Fig. 4. Here the cut-off
frequencies at the first iteration step (x-axisil ¢he appropriate cut-off frequencies at
the second iteration step, for which the minimurnoreis achieved, are shown.

From the following graph it is seen that at theoseciteration step almost for any
value off,, optimal cut-off frequencies for the roughness wagliness components do not
match and are equal fg = 0.009um™* andf., = 0.0136pm™, respectively. The intersec-
tion of two curves is located at a point wheresta@dard deviation significantly increases.

However, the proposed approach with standard demidbes not provide the full
information about separation errors. During theedaination of the relief components
with decreasind., some distortion of the surface roughness occuarthi$ case a cer-
tain part of the waviness component appears imahghness. In the frequency domain
this feature causes the increase of the centrl Ipeight. Thus, two Fourier spectra of

(8)

o(x,y) =arcta

Fig. 3. Phase map
of the test surface.
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the separated roughness components (using twanebtaalues of,) were calculated
(see Fig. 5).
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Fig. 4. Interconnection of the cut-off frequencadirst and the second iteration steps.
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Fig. 5. Spectra of the 3D roughness componentsraata
with f, = 0.0136um™ (a) andf., = 0.009um™ (b).

From Fig. 5 one can observe that despite at Q@3 minimum standard devia-
tion value is provided, the retrieved 3D surfacegtmess is disturbed due to the pre-
sence of the surface waviness part. That's whyaadsird deviation of the roughness
component cannot be used as the main criteriomeimiétermination of the optimal cut-
off frequency at the second iteration step.

CONCLUSION

The technique for the determination of the optinallies of the cut-off frequen-
cies was developed and proposed for three-stepehafing interferometry. Optimal
cut-off frequencies for the 3D roughness and wasrmomponents of the test surface
were determined using the least-error approach. rékelts showed that for the 2D
Gaussian filter standard deviation of micro-retiefild not provide the optimal cut-off
frequency determination due to the distortion anracrolevel. This approach will be
used for other 2D filters to improve the understagaf the relief components separa-
tion procedure.
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