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Dual integrated laser interferometer for fringe projection
techniques

Zbigniew Motyka and Henryk Passia
Central Mining Institute, Plac Gwarkéw 1, 40-159t&aice, Poland, e-mail: zmotyka@gig.eu

Abstract. An integrated optical system being the basis op@sed solution of dual laser interferometer comgagawo
integrated Michelson's interferometers is preseated shortly discussed. Such an integrated systedesigned for
obtaining simultaneously two sets of plane pardtiebes. These two, in general different-coloutssef fringes, are
projected in a mutually orthogonal way onto theaae of the object tested. Altematively, the fesgcan be generated
by using two independent aperture masks. Usingjlgimeously, such two orthogonal, distinguishakelks ©f projected
fringes enables to perform mapping of dynamicallarged surfaces and deformations of objects umdestigation
with a similar resolution in both orthogonal direcs. The picture of resulting dualcolour gratisgrecorded with
a digital colour camera in one shot, and can bd fseobtaining these, changing in time, maps asfrthations after
suitable digital processing applied to each cotmmponent extracted from the recorded picture, ragip.

Keywords: laser interferometry, Modr fringes, gratings, displacements, deformationghslson interferometer, double
interferometry.

INTRODUCTION

Orthogonal polarization and multi-wavelength sosrbeing applied in laser interferometry are knoanrhany
years. The methods using two different wavelengtpaychromatic light were used to obtain multi-whangth
interference patterns for the needs of multi-wawgtle interferometry [1].

Pedrini at al. [2] demonstrated that two slightlffedtent red wavelengths of pulsed ruby laser carubed to
determine the shape of one object, as the phaferedi€e between such two wave fronts may be olutabye
recording two digital holograms, each with a diéietrwavelength.

Pedrini, Tiziani and Gusev [3] described also steméous application of two different wavelengthsesated by
significant gap of spectrum (e.g. one red and theraultraviolet) to a digital holography. When &fpg Fourier or
Fresnel transform to the intensity of recordeduchsa way two-wavelength holograms, one can oltdedrprimary
reconstructions: The larger obtained with the simomavelength, and the smaller one with the longavelength.
The first may be used to investigate the partsbjéad with smaller deformations. This increases géasitivity
range of digital holographic interferometry.

In shearography, Siebert and Schmitz [4] pointethatnecessity of simultaneous measure ment ofstrear
directions. A number of separate laser devices wmugrlat different wavelength were used for simultare
illumination of tested specimens in multi-waveldngipeckle-pattern shearography for measurementvof t
dimensional strain distributions. Kastle et al.],([f6]) used three laser diodes (810, 830 and 8% for
illumination from different directions. In the afteath, a single-shearing interferometer was usedecimen
imaging with the use of three separate CCD canwithsnarrow-bandpass filters. Two orthogonally pided laser
beams were used for switching between two shearomfjgurations by Groves and Tatam [7]. The chaobe
polarization was achieved by change of linearlyapakd laser light wavelength (its modulation) ¢e tnput of
linearly birefringent optical fiber, for which omigonal polarization eigenmodes are equally disteithun the
resulting beam. A change of phase between the twdem occurred while changing incoming wavelength. |
principle, the fast modulation (sequential switcflifbetween two shearing configurations enables unieas of
much slower dynamical changes of the specimen.utih & solution the fast switching between two dififee



wavelengths was used to avoid necessary changeasdumng system configuration or simultaneously afsevo
separate sets of shearing interferometers. In 268dves, James and Tatam applied shadow Moire ohéSikdM)

in three-dimensional shearography for deter minatiba source position [8]. The SMM method is gafigrused
for determination of contour or deformations of edltj in macro scale of projected fringe spacing evhil
shearography is suitable for micro scale of wagtlen

The presented solution of dual laser interferometas first proposed for needs of SMM in 2003 [2]whs
composed of two integrated Michelson's interfer@mgetith mirrors separated by significant distandasthe
solution described in the present paper, the ndrvegre integrated with beamsplitters forming mavengact and
reliable device, with generally much better chagdstics of crossed different-color beams of lafseges. The
latter may be simultaneously projected on a spetirapproximately from the same direction. Each bés wf
different laser wavelength and this enables torsgpdhe resulting pictures of fringes by differ&@€D cameras
with wide-bandpass filters or aftermath by filteriof two resulting color components from simultausy
registered two-wavelength interferograms.

A single two-coloured interferogram may be recordsda single CCD camera. However, to get the best
sensitivity in both directions, two such cameray i@ applied for simultaneous recording of dynaftyaavolving
interferogram, from the two orthogonal directioligs essential that both the cameras, as waheasual integrated
laser interferometer used for fringe projectioralshot be moved during the whole recording process

INTERFEROGRAM SENSTIVITY

After illumination of XY plane from the top withlseam of interference fringes parallel to Y axig tollowing
intensity distribution of light in this plane is talned [10] (Figure 1):

I =1p[ 1+ cos (axsh) (1)
where
lo — peak intensity for bright fringe
s — fringe spacing at XY-plane.
When the interference patternis observed at ale #htp Z axis, fringe spacing is equal to:
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FIGURE 1. Space layout of fringe projection onto plane sarsprface.
Consider the simple test object as a plane, ilyt@ithogonal to XZ plane and tilted to XY planeat angleg.
Letinitially the Y axis lay in this plane.
The observed fringe spacing changes with increagifrgm d to:

d' =d +z sin@) 3)



where z is the local height of object's surface.

Without lost of general character of presented icenations, a specific fringe projection layout ¢enassumed,
for which 8=m/2. The result of such simplification is d=0 adidz. It means that d’' increases rapidly with
increasing angl@ of rotation of the test object plane around Y axs.

Consider now another similar layout, which diffémsm the previous one in that that the X axis laythe test
object’s plane orthogonal to YZ plane and tiltedXd plane at an angl¢. No change may now be observed of

fringes distribution on the surface of this sangdhgect with rotation around X axis on the anglewhile the plane
is observed along X axis, because only the edgieeoblane is visible (Figure 2a).

Moreover, while observing this process along Y-amnischanges of d are detected (Figure 2a). It svd@at the
method is not sensible at all to tested surfacatioot around the axis perpendicular to the directibobservation,
when initially (for ¢ = 0) fringes are parallel to this observation dicet

However, when we change the initial direction @fides, as in the Figure 2b, to the orthogonal tws; become
parallel to X axis, and again the increase of mgpacing from d=0 to d’=z may be observed witheasing
rotation angleg .
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FIGURE 2. Different space layout configurations of fring®jection onto dynamically changing plane sampléase.
Arrows represent the directions of interferogranording. The fringes are projected from the top.

While the plane tilted around X axis is observeshglthe same axis, only the edge of a sample mlanebe
seen (Figure 2).

Also, while it is observed in direction of Y axianly red fringes of constant spacing are visiblee Bpacing
does not change with increasigig(Figure 2a).

Changing orientation of fringes (from red to greea)ses rapid change of fringe spacing from O fimity,
wheng changes from 0O tar/2 (Figure 2b).

For crossed fringes, despite of the direction afide plane tilt, there is always a set of paraliglges, for
which the spacing changes rapidly with rotation@nghen observed at one of orthogonal directions.

Figure 2c presents the set of red fringes observite direction of X axis. In Figure 2d therdhe set of green
fringes observed in the direction of Y axis.

Usually, we don't knowa priori in which direction the sample surface tilts. Aseault, we also can not predict
the most effective measuring configuration for ktagave interferometer. In particular, the sigrafit sample



changes may occur, which are reflected in minoly ailanges of fringes space frequency in comparigibm
another possible (orthogonal) configuration of ges set.

That is the best recommendation for applying siamg¢ously two orthogonal sets of fringes for interfeam
recording. Consequently, these sets of fringesldhzriseparated and processing in parallel.

They may be projected onto sample surface frondifferent orthogonal directions with the use of teeparate
laser interferometers and recorded by CCD camamathe process may also be reversed, i.e. one sarwo
cameras recording, from two different orthogonaédions, the picture of crossed fringes projedtech another,
suitably chosen, single direction. The resultings#tévity will be very similar. Moreover, for thatter case, one can
restrict the measurement by applying for recordimginterferogram a single camera tilted alongdiagyonal of
elementary rectangles of interference patteim.such a case, the sensitivity for both orthogatie¢ctions also
remains similar because of similar starting frisgacing recorded by the camera for both color sets.

Using simultaneously such two orthogonal, distinable sets of projected fringes enables to malpimg of
dynamically changed surfaces and deformations pEctd under investigation with a similar resolutionboth
orthogonal directions.

INTEGRATED DUAL LASER INTERFEROMETER

One of possible schematic of double integratedrfeitemeter for generation of such two differenteas|
mutually orthogonal sets of parallel fringes issgeted in Figure 3 below.

MIRROR 2

MIRROR 3

MIRROR 1

RED LASER
CUBE 1 CUBE 2

GREEN LASER

FIGURE 3. Space layout of the main part of the integratextesn of double laser interferometer. It is based® separate
cube beamsplitters. It should be noticed that Clubed Cube 2 may be replaced one with another utittitanging the essential
solution; one should only remember about tranglaibGreen Laser and Mirror 1 in parallel with Babe 2. Cube 1 and
Cube 2 comprise the integrated optical set of foaf prisms interlayed with two beamsplitting lageT he two laser beams are
leaving the interferometer (at the bottom) anddinected toward the set of lenses expanding théontwo corresponding
conical beams.

Its early, introductory version from Figure 4 wasgented and discussed elsewhere [9]

However,the fully usable experimental model of dual integraitateérferometer was realised and promptly tested
during last few years. It was realised in accocgamith the scheme from Figure 3 and is presemtddgure 5 and
Figure 6 during action.

The two laser beams from integrated double lagerfarometer are projected via the set of lens@sm@ding
them into two corresponding conical beams. In sadbrm they are suitable for projection onto obgesurface
(Figure 5). The two different lasers (one of wangth 632 nm and the other of 532 nm wavelength;ré¢ and
green) were used (Figure 6).



FIGURE 4. Early, introductory version of dual integrateceifierometer model. The two different sets of ortagj sets of
fringes were obtained from beams coming from tipegection of this device.

FIGURE 5. Integrated dual laser interferometer using twbagonal beams (red and green) and sets of pdraligés.

Integrated dual
interferometer

Beam
guiding
mirror

FIGURE 6. The layout of dual laser interferometer emitting orthogonal sets of parallel fringes.



The examples of illumination of model objects wétlich two orthogonal sets of fringes were preseintete
next paragraph. The two different sets of lasesrfatence fringes crossing at the surface of theedeobjects had
been obtained.

TWO-COLOURED INTERFERENCE PATTERNSFROM DUAL LASER
INTERFEROMETER

Below, the examples of registered with the useiimpke color camera two-colored laser interferenatepns,
simultaneously projected from dual laser interfeetenonto plane surface (Figure 7) and spatialadiffégure 8)
are presented.

FIGURE 7. The examples of two laser beams containing feingigh different spacing, obtained with the uséntégrated dual
laser interferometer, projected onto plane surfaces

FIGURE 8. Interference pattern projected on a model surfégeet with the use of experimental model of integd dual laser
interferometer.



The picture of resulting two-colour grating is regded with the use of simple digital colour camerane shot,
and can be used for obtaining the time-varying @amimaps of sample surfaces, after suitable digatessing
applied to each colour component extracted fromrédamrded picture, separately. The sequential faregrams
have to be recorded to obtain information of pdsgilynamical surface deformations. The best far tigied would
be cameras with at least two different CCD matrizagng filters enabling independent and simultare@cording
of each of two orthogonal components of differestbar.

But also, the digital processing of each coloutysee may separate these sets of fringes in twopigwient
pictures (Figure 9) suitable for further analyseg, fringes tracing (Figure 10).

FIGURE 9. An example of separation of two-colour interferepattern (top) into red only part (middle) andegronly part
(bottom picture).
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FIGURE 10. Fringes tracing of two-colour interference patterto green only part (top) and red only part (o).

CONCLUSIONS

Both operational modes of double integrated interfester have been demonstrated, as well as thibjiogof
digital separation of different colour fringe pattewas experimentally verified.
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