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Increased intensity of interference fringes in Digital Holography

Aumento de la intensidad de franjas de interferencia en Holografia Digital
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Abstract

Digital holographic interferometry is a full field optical
technique, used in the measurement of dynamic and
non-contact events, this technique works with arrays
where the initial acquisition of interference fringes is
not necessary, but rather involves the superposition of
two wave fronts. Where from the holograms and by
means of a Fourier window-based processing it is
feasible to recover the information of both intensity and
phase. However, the interference fringes resulting from
the demodulation of the holograms may have low
intensity, affecting their subsequent analysis. In this
work, the combination of the holographic techniques,
filters and the superposition principle is proposed to
increase the intensity of the fringes, the results show
that using the Fourier method in combination with the
superposition theorem is possible to obtain greater
intensity between the minimum and maximum of the
fringes.

Digital holographic interferometry, Fourier, Filters

Resumen

La interferometria holografica digital es una técnica
Optica de campo completo, utilizada en la medicion de
eventos dinamicos y de no contacto, esta técnica trabaja
con arreglos donde no es necesario la adquisicion inicial
de franjas de interferencia, si no que implica la
superposicion de dos frentes de onda, donde a partir de
los hologramas y mediante un procesamiento a base de
ventanas de Fourier es factible recuperar la informacion
tanto de intensidad como de la fase. Sin embargo, las
franjas de interferencia resultantes de la demodulacion
de los hologramas pueden tener poca intensidad
viéndose afectado su posterior analisis. En este trabajo
se propone la combinacion de técnicas hologréficas,
filtros y el principio de superposicion para aumentar la
intensidad de las franjas, los resultados muestran que
utilizado el método de Fourier cotidiano en
combinacién con el teorema de superposicion es
posible obtener mayor intensidad entre los minimos y
maximos de las franjas.
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Introduction

The development of systems for the
measurement of physical variables has
applications in different industrial areas such as
automotive, naval, aerospace, biochemistry, and
even medicine (Huggins, 1992), (Aguado,
2017), (X.J., 2003).Technological advances
require that these devices present design and
operation advantages over every day industrial
instrumentation (Giallorenzi, 1982), so the
incorporation of devices with micro-scale
technology would meet the size and accessibility
requirements, however, these imply a
complicated construction and design process
(Chikovani, 2017).

The use of optical metrology for the
monitoring of different variables has had a great
boom in recent decades, among the optical
techniques highlighting the phase recovery of
two wave fronts through cross-correlation
techniques (Percival, 2009), (Yamaguchi, 1989
), diffraction and polarization (Marciel, 1995).
The first devices that make use of fiber optics as
a transducer system are based on the Sagnac
effect (Kurzych, 2016), Fabry-Perot and Mach-
Zehnder  (Lutang, 2017), among other
configurations, however, their construction
requires great stability in the system.

Digital  holographic  interferometry
(DHI), is a non-destructive, full-field optical
technique that is used in the measurement of
dynamic and static events, it is based on the
superposition of two wave fronts, but unlike an
interferometer it requires a correlation of two
holograms to determine the phase.

In addition to the accessibility of the
technique, another advantage that digital
holography presents over interferometry is that it
can work on rough surfaces, its design is
relatively simple and applicable to longitudinal
measurements (Saito, 1971). However, in the
process of demodulation of holograms, the
information contained in them can be affected by
noise originated by the same measuring
instruments, lenses, mirrors and sensor of the
CCD camera (Charge Coupled Device). In this
work, a technique to increase the intensity of the
interference fringes caused by the correlation of
two holograms is presented by superimposing
the same signals.
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In section 2, the optical system to obtain
holograms, in section 3, the numerical
principles, the phase estimation, the relationship
between a phase difference between two
holograms, the interference fringes and the
superposition method are shown for greater
intensity. In section 4, an experimental example
is developed, and the results are shown, and
finally in section 5 the conclusions of the work.

Experimental setup

Figure 1 shows the standard optical system, used
to obtain holograms in the measurement of
different variables, it is applied to measure
concentration of liquid substances, temperature
changes, among many others.

(b)
(¢)

(a) e Ly

(d)

(e)

Figure 1 Diagram of the optical system used in DHI, (a)
He-Ne 633nm laser, (b) Beam splitter cube 1, (c) Optical
fiber, (d) Mirror, (e) Beam splitter cube 2 and (f) CCD
camera

Source: Own Elaboration

Methods and development

Digital Holographic Interferometry is a widely
studied non-contact optical technique that works
with arrangements where the initial acquisition
of interference fringes is not necessary, it only
involves the superposition of two wave fronts,
where from the holograms obtained and by
means of in a Fourier window-based processing,
it is feasible to recover the information of both
the intensity and the phase of the wave fronts
from the same source (Kreis, 2005). The
intensity detected by the CCD sensor of each
image is Iy (x,y), according to equation (1).

In(xy) = [URYI* + [Up(x,y)1? +
Ur(x, ) Up(x,y) + Ur(x,y)Us(%,y) (1)

Ur(xy) = u(x,y) eXpicp(X.y)
UO (X; Y) = Ug (x, y) eXp—IZTI(chx+ Poyy) —
Uy (x,y) eXp_i‘Pl(XIY) @
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Ur(x,y) and Uy(x,y) are the reference
beam and the one passing through the object,
(x,y) denote the coordinates in the plane of the
hologram, (¢@xx, @y,y) describe the spatial
frequencies and * denotes the complex
conjugate,

Which results in:

IH(%y) = a(x,y) + c(x,y)e?™(@xx+eyy) 4
C*(X, y)e—iZTI((pXX-l- (PyY) (3)

Where:

xy) =u(xy)? +upxy)? Y
c(x,y) = u(xy) + up(x y)expl‘P(X»Y) (4)

Applying the Fourier Transform:

F{ly(x,y)} =1(u,v) = A(u,v) + C(u —f,v—
f,) +C(u+fev—1) (5)

A band-based filter is applied separating
one of the last two terms of equation (5), finally
obtaining the phase distribution.

Im[C(u—fy,v—fy)] (6)

@(x,y) + 2n(fx + fyy) = arctan Relo(ariv )]
1.1 Determination of phase with DHI.

To determine the phase changes, it is necessary
to capture a second hologram determined by:

L y) = [UrGxYI? + U (x, y)1? +

Ur(xy)Uo(x,y) + Ur(x,y)Ug (%,¥) (7
() (e {d)
(bJ) (c]) (d.)

Figure 2 Interference phase recovery process using DHI,
Source: Own Elaboration
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The Figure 2 describes the process of
recovery of the phase of two holograms with
different states, the deformation was induced in
the fiber optic arm shown in Figure 1, (a)
lxy) (@l Iy&xy) ., () Flaxy)}
(bl) F{II,-I(X' Y)} ’ (C) C(u - fX'V - fy) )
1) C'(u—f,v— fy), (d) e(xy) + 2n(fex +
fyy) y (d.1) @1 (xy) + 2m(fex + fyy), to obtain
a phase difference between the two states, the
reference state and the one that undergoes an
optical path change, it is considered that the
reference remains constant in the experiment,
Ur(%,y) = up(x,y)exp'®®¥) while the beam
passing through the optical fiber will exhibit a
phase shift, Uy (x,y) = u}(x, y)exp®1(¥),

Diferencia de fase entre dos hologramas

The pattern of interference fringes that is
characteristic between two states can be
calculated as a subtraction of two phases.

Ad, =@ xY) — @(x,y) (8)

For the study of dynamic events using
DHI, the process involves determining the phase
changes at each point of the induced
deformation, o;(x,y).

oi(x.y)

Figure 3 Phase difference between Iy (x,y) and I;(x,y)
Source: Own Elaboration

Method of enhancing fringes by superposition

In the region where the waves are superimposed,
the intensity varies between one point and
another of each of the signals, obtaining
minimums and maximums, giving rise to
constructive or destructive interferences and
given that the principle of superposition suggests
in general that when two or more waves coincide
in time and space, the resulting in a function is
the vector sum of the individual wave functions
(Buerbano, 2003).
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From the wave superposition theorem at
a point and considering that the resulting
equation must also comply with the wave
equation, an approximation can be made in the
behavior of the interference fringes with this
principle.

Given the:
@1(x,1) = fi(x + ct) )
P2(x, ) = f(x — ct) (10)
Pr(x,1) = @1(x, 1) + @2 (%, 1) (11)

a)

h)

Figure 4 Principle of superposition of two functions, (a)
with different amplitude ¢, (x,t) # @,(x,t), (b) with
equal amplitude @, (x,t) = @,(x,1)

Source: Own Elaboration

Figure 4 shows two examples of the
behavior of the superposition principle used in
this work, in (a) the increase in the amplitude of
the signal is shown with the algebraic sum of two
signals with different amplitude, while in (b) the
F1 and F2 signals have the same amplitude.

Fringes pattern demodulation

To determine the phase distribution, PSI phase
shift interferometry is a phase map unfolding
technique, where it records a series of
interferograms with phase differences, as shown
by equation (12). To carry out the phase
reconstruction process, in general, algorithms
with a combination of interferograms are
applied; the analysis can be done with n =
1,2,.. M interferograms (Schwider, 1983).

M
tang = Zn=1bnln (12)

M
Yn=1anln

With a, and by, as real coefficients.
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Results

For the analysis of the fringes resulting from the
phase difference between each hologram, its
profile is considered, see Figure 5.

Figure 5 Interference fringes originating from the phase
difference of two holograms
Source: Own Elaboration

Figure 6 shows the maximums and
minimums of the interference signal, a
polynomial approximation is carried out to
eliminate noise in the signal. The approximation
is used to implement the superposition theorem
and show that the amplitude in the intensity of
the fringes also increases.

Tntensidad (u.a.)

Perlll Eje s

Figure 6 Profile of interference fringes originating from
the phase difference of two holograms, with polynomial
approximation

Source: Own Elaboration

Perfl Fje s

Figure 7 Profile of interference fringes originating from
the phase difference of two holograms, with polynomial
approximation

Source: Own Elaboration
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Figure 7 shows the profile of the
interference fringes that were used to increase
the intensity in the interference fringes when

(pl(X! t) = @2 (X, t)

Figure 8 Interference fringes originating from the phase
difference of two holograms with twice their intensity
Source: Own Elaboration

Equation (12) is used to determine the
characteristic phase map of the interference
fringes. In Figure 9 the phase maps for the
original interference patterns are shown and
when their intensity is increased, the properties
are still preserved, which suggests that it is
feasible to increase the sharpness of the
interference patterns without altering their
behavior.

Fase (Rad)

Ejex
Figure 9 Phase maps of the interference fringes
Source: Own Elaboration

Conclusion

A simple method is presented for increasing the
intensity of interference fringes obtained
Holographic Interferometry by Digital, the
process shows the geometric distribution of the
interference fringes is not lost and it continues to
retain its same phase map. The proposed
intensity increase method is implemented in the
difference of holograms with high frequency,
where the quality of the fringes is affected, both
by the instruments and by the characteristics of
the same technique.
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