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RESULTS

Several industrial sectors and research fields have been incorporating
optical and photonic technologies for quality Inspection metrics. Therefore,
it is important to develop novel techniques and devices capable of high
precision measurements withoul comtact and applied to transparent
samples [1-2]. These techniques conventionally generate phase shifts in
stages by means of a piezoslectric ransducer, diffractive elements or
actuators having the limitation of baing applied on static samples. Some
researchers and companies have devéloped techniques of simuitaneous
phase shifi based on the use of diffractive elements and micro-polarizer

ar *t generate saveral interfarograms acquired by a single-shol{3-5].
Ir ork, simullaneous phase shifting interferometers have been
[ d to study transp ples. The syst generate four

patterns, captured in one shot, recovering the optical phase by means of
the well-known four step algorithm

EXPERIMENTAL SETUP

|
The proposed sy s Ulﬁ‘m coupled systems:
A polarized Mach-Zehnder inte ometer (PMZI) which
generates a primary pattern dfm crossed polarizations,
coupled to a Micheison | f (MI) and a Beam
Spiltter systom (BSS) that works a5 a replicator of the
primary pattern. =
In Figure 1, we show the implemented system. As mentioned above is
composed by Ihree-interferomelric configurations: a Mach Zehnder
Interferometer (MZI) for the phase detection, coupled with a Mi
configuration and BSS which replicates the oltput interferogram oblained
in the MZ1L

Figure 1. Scheme of the experimentsl sef-up MZI Mach-Zehnder Interferometer SFS. Spatial
fitering system. LO: Colimating Lens. P- Polarzer filters. M. Mimors. @ Querter Wave Plate. PBS
Pularizing Beam Spister. BS: Beam Spitter A Refaranca bsam B: Sample Beam PA. Polarazer
Asrmy. I Zoombens, 10x (13 - 130 mmFL) CMOS: Camera.
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Figure 2. Stages of thy replicabon system

Figure 2 shows the emerging pattemn sequentially, Fig. 2{a) shows the
pattern that emerges from the MZI, f A and B beams are superimposed,
dua to their mutual orthogonal polarization states, no interferogram can be
detected at this stage. Figure 2 (b) and 2 (c) shows the replication beams
obtained by the coupled system and 2 (d) the interference pattems are
shown.

The interferomelric system is based on polarization phase shifting
techniques where a controllable phase shift is introduced on each detected
nterferogram by using linear polanzers [3-4]. Represented by the Jones
calculation, the fields obtaned by the reference and object beams in the
representing left
and right circular polarization states. The phase data map term, @(x.y) ,
represents the information to retrieve in a single capture of the object under
study. When each field passes through a linear polarizing filter and we
superimpose them, the result is an interference pattem modulated by the
angle y of the transmission axis of the linear polarizer [5]

The four interferograms are acquired in a single shot and recorded under
the same conditions. Using these values, the intensities al each point in

Y
system are described by J_, -}zm and, 7J.- ;,5‘, J, -

images 1 to 4 are

Lix,y)=A— Bco@[ﬁ(x,yjl , Ll y)=A- Bsinb(x,y)]
Lix,y)=A+Beoslp(x, )] . L(x,))=A+Bsin[dx,y)] @

Although the terms A, and A, for the interferograms are equal, a
normalization process was applied lo the fringe patterns to avoid possible
errors introduced by small intensity variations generated by the beam
splitters. The phase information of the sample can be calculated as [6-7],

d(_,-_).)xm-'[frﬂx_'-")."f%{"ﬁ)] @

Lilx, )= 1ix,y)

Figure 3 shows the intensity varation obtained (without sample) by
capturing 100 frames at 10 fps, with a temperature variation interval of At =

2* C. Figure 3(a) shows the four-phase shifled interferograms obtained
in & single shot, the average in time obtained for each pixel (interferogram
enclosed at a circle) Fig 3(b) and the corresponding standard deviation Fig
3(c). Figure 3(d) shows the intensity variation of the central pixel of the
enclosed interferogram at fig. 3{a). The average intensity obtained
cormesponds to 6,144 with a standard deviation of 3.042 in a 256 gray
levels depth range capture. This result shows that the intensity variations

are stable to environmental noise.
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Figure 3. Intensfty variation of gram (a) Four pattems.
(b) Tempoms! aversge obtained. (c) Standard deviation by each pixel. (d) One-pixel variation.
Average.

In this case, the vibrations mainly affects the interference
generated by the Mach Zehnder interferometer due to the
phase detection properties. In the case where vibration
occurs on the replication system (Michelson
configurations), the interference pattern registration will
be affected, and re-alignment procedures need to be done.

The optical system uses a He-Ne laser operating at 632 nm and a CMOS
camera, with a resolution of 2048 x 1536 pixels. Figure 4 shows a
reference wavefronl. The expenimental samples used are shown in Fig. 5
Figure 6 shows exparimental results for a pseudascorpion specimen legs.
The region of interest cormesponds to the legs of the ventral region, since
this is one way of partially identifying the order of the species. Figure 7
shows the (OPD) induced by a group of Red Blood Cells (RBC), where
morphology is serves as a very imporiant parameter in the biomedical field
to diagnose diseases(8-9]. In order lo demonsirate the advantages of the
proposed system, Fig. 8 is shows a representative set of frames of a
dynamic phase object cormesponding to @ deformation of an acetate sheet
under tension

The experiment result shows that the method is proven to be
capable of performing one-shot interferometric measurement
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sheet (b). Deformation generated on
sheet (¢). Flame of a bunsen bumne. Eﬂ)
Figure 4. Referonce wavelront (a) Four
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Figurs 8. Proudoscorpion legs (a) Four Figure 7 Red Blood Celis. Mean thickness:
simuitanecus inferference pattams. (b)c) °F'D"5n = 28 pm Dismeter is Tmm _ (8]
oPD interference patterns. (b}
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Figure B Dynamic phase object. Deformation of the suriace of an acotats sheet under temilon.
Regresentative frames

CONCLUSIONS

We report @ simultanecus phase shifling lechnique based in a Mach-
Zehnder interferometer (MZI) and two replicating systems integrated by a
Michelson interferometer and cube beam splitter The complete
implemeniation can generate four interference patterns with independent
phase shifis. The development of these devices is of great interest in
several areas such as biomedical engineering or for industrial purposes,
allowing measurements of phase objects in a non-invasive way.
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