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Abstract
Holographic and Laser Speckle methods find increasing applications in diversified areas of Non-Destructive Testing due to their inherent high
sensitivity. Defects such as cracks, voids, debonding & delamination on the surface as well as in sub-surface can be detected. Since these methods
measure the deformation of an object under study in all the three dimensions under the influence of an external loading or service conditions,
they can also be used for quality control, as well as at the design stage. The laser speckle methods, in addition, use the developments in
electronic detection and processing (called TV Holography) and can be used in real-time quantitative evaluation. The paper provides a
comprehensive coverage of holographic and laser speckle methods for NDT and slope measurement using fiber optics based Shearography.
Specific applications for inspection of weldments, composite laminates etc. are presented.

wavefront scattered by the object with the reference
wavefront takes place. A recording is made on a high
resolution photographic plate. The developed plate, now
called a “Hologram”, when illuminated by the reference wave,
reconstructs the object wave. There are several recording
geometries such as in-line, off-axis, image plane, Fourier
Transform, reflection and rainbow holograms. The theory
behind the recording and reconstruction of object wavefront
is well documented [1,2].

2.1 Holographic Interferometry (HI)

While holography is used to obtain recreations of
beautiful 3-D scenes, most engineering applications of
holography make use of its ability to record slightly different
scenes and display the minute differences between them.
This technique is called Holographic Interferometry (HI). Here

1. Introduction

Holography is a two step process of recording a
wavefront and then reconstructing the wave [1]. While
Holography is often used to obtain the recreations of
beautiful 3-dimensional scenes, there are several engineering
applications, the most common and important one being
Holographic Non-Destructive Testing [2]. This is
accomplished with holographic interferometry, wherein
interferometry is carried out with holographically generated
wavefronts [3].

A speckle pattern is generated when an object with a
rough surface is illuminated with a highly coherent source of
light such as laser. Initially this speckle noise was considered
as the bane of holographers, until it was realized that these
speckles carry information about the surface that produce
them. Again, as in the case of holography, the combination
of interferometric concepts with speckle pattern correlation
gave rise to speckle interferometry [4]. The developments in
electronic detection and processing further added wings to
laser speckle methods giving rise to Electronic Speckle
Pattern Interferometry (ESPI), or “TV Holography” [5,6]. This
paper describes a brief outline of holographic and speckle
methods for Non-Destructive Testing applications, wherein
the deformations of an object under load are measured in a
non-contact way. Measurement of surface shapes using
contouring and derivatives of displacement using
Shearography are also presented.

2. Holography

The schematic for recording a hologram is shown in Fig.1.
The light from a laser is split into two beams. One beam
illuminates the object and the other beam is used as a
reference. At the recording plane, an interference of the

Fig. 1 : Experimental arrangement for recording a hologram.
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we deal with Interference of two waves of which atleast one
of the waves is generated holographically.

Methods of Holography Interferometry are classified as
(i) Real-time HI, (ii) Double-Exposure HI, and (iii) Time average
HI. In holographic interferometry, we record the holograms of
the two states of an object under test, one without loading
and one with loading. When such a doubly exposed hologram
is reconstructed, we see the object superposed with a fringe
pattern which depicts the deformation undergone by the
object due to loading. The theory behind the fringe formation
in HI is as follows [3]:

Let the O1 and O2 represent the undeformed and
deformed object waves, which are written as

O1(x,y) = |O(x,y)| exp[-i Φ(x,y)] (1)

O2(x,y) = |O(x,y)| exp[-i Φ(x,y) + δ] (2)

where δ is the phase change due to displacement or
deformation of the object. The intensity due to superposition
of these two waves is

I(x,y) = |O1(x,y) + O(x,y)|2

= O1O1* + O2O2*  + O1O2*  + O1*  O2

= I1+ I2 + 2I1I2 Cos δ (3)

where I1 and I2 are the intensities of O1 & O2. The Phase
Difference δ is given by

δ = (K2-K1).L (4)

where K2 is the observation vector, K1 is the illumination
vector and L is the displacement vector. Thus the evaluation
of the phase δ is gives the displacement. The fringes formed
represent contours of constant displacement.

2.2 Holographic Non-Destructive Testing (HNDT)

This powerful technique of Holographic interferometry, is
an invaluable aid in Engineering design, Quality Control and
Non-Destructive testing and Inspection. In HNDT, the object
under study is subjected a very small stress or excitation and
its behavior is studied using HI.

 The defects in the object can be spotted as an anomaly
in the otherwise regular fringe pattern. HNDT is a highly
sensitive, whole-field, non-contact technique and is
applicable to objects of any shape and size. The types of
excitation used for HNDT are mechanical, thermal, pneumatic
or vibrational. Defects such as cracks, voids, debonds,
delaminations, residual stress, imperfect fits, interior
irregularities, inclusions could be seen. HNDT is applied to
inspect the disbonds between the plies of an aircraft tyre,
delamination of the composite material of a helicopter rotor
blade, PCB inspection, rocket castings, pressure vessels, and
so on.

Use of double-pulsed laser makes HI more attractive for
study of transients and impact loads. Fig.2 shows the double
exposure hologram of a turbine blade subjected to an impact
loading (recorded using a double-pulsed Ruby laser).

Time average HI, wherein a hologram of a vibrating
object is recorded, provides information about the modes
and the vibration amplitudes at various points on the object.
Figs.3(a) and (b) show the time average holograms of a
rectangular plate vibrating at 1826 Hz and 5478 Hz, from
which the resonant mode patterns could be easily studied
[7]. In HNDT, this technique is used for study of vibrations
of machinery, car doors, engines and gear boxes and to
identify the points where they should be bolted to arrest the
vibration and noise.

Fig. 2 : Double-pulse hologram of a turbine blade impact loaded
with a small metallic ball.

Fig. 3 : (a) and (b) Time averaged hologram of a centrally
clamped plate at (0,0) and (1,0) mode when vibrated at
1826 Hz and 5478 Hz respectively

(a)

(b)
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3. Electronic Speckle Pattern Interferometry
(ESPI)

Recent holographic applications in engineering use a
video camera for image acquisition, which is coupled to a
computer image processing system. This is termed as TV
Holography, though technically called Electronic Speckle
Pattern Interferometry (ESPI). The technique makes use of
the speckle pattern produced when an object with a rough
surface is illuminated with a laser [4-6]. The correlation
between the speckle patterns, before and after an object is
deformed, are carried out using image processing techniques.

Figure 4 shows the schematic of an ESPI system. The
object is illuminated by the light from a laser and is imaged
by a CCD camera. An in-line reference beam, derived from the
same laser, is added at the image plane. The speckle
correlation is carried out by storing an image while the object
is in its initial state, and subtracting the subsequent frame
from this stored frame, displaying the difference on the
monitor. When the object is subjected to some loading or
excitation, the correlated areas appear black while the
uncorrelated areas would be bright, resulting in a fringe
pattern. As in HI, the fringes represent contours of constant
displacement of the object points.

The fringe formation in ESPI is well documented [4,5].
The intensity distributions I1(x,y) and 12(x,y) recorded before
and after the object displacement respectively can be written
as

I I(x,y) = a1
2 +a2

2 + 2a1a2 cos(ϕ) (5)

I2(x,y) = a1
2 +a2

2 + 2a1a2 cos(ϕ+δ) (6)

Fig. 4 : Experimental arrangement for ESPI

Fig. 5 : Measurement of Poisson’s ratio

Fig. 6 : (a) Delamination in a plate (b) Longitudinal crack in a
steel weldment

where a1 and a2 are the amplitudes of the object and reference
waves, δ is the phase difference between them and ϕ is the
additional phase change introduced due to the object
movement. The subtracted signal as displayed on the monitor
is given by,

I1 - I2 = 4 |a1a2 Sin[ϕ + (δ/2)] Sin (d/2)| (7)

Thus we find the brightness is modulated by a sine factor
of the phase. The brightness on the monitor is maximum
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Figure 7 shows the schematic of a fiber optic
Shearography system. A double image of the laser illuminated
object is made on the CCD camera. A small shear is introduced
between the two images by tilting one of the mirrors.
Incorporation of fiber optics makes the system very compact
and the technique applicable to objects at inaccessible
locations. Shearography is a very useful tool in experimental
stress analysis and NDT as well. With the use of phase
shifting techniques, the fringe patterns can also be
automatically processed by the computer to obtain
quantitative 3-dimensional plots [11].

Figure 8 shows the results of an NDT application of
Shearography to detect delamination in glass fiber reinforced
plastic (GFRP). The GFRP specimens were prepared with
unidirectional glass fiber mat and epoxy resin with and
without programmed defects. The defects were introduced
by placing a thin Teflon film of 10 mm diameter and thickness
0.23mm between the layers of glass fiber mat during the
lamination. Four layers of Glass fiber mat were used to make
the laminate. The specimens were made in the form of circular
diaphragm. The diaphragm was clamped along the edges and

Fig. 7 : Fiber Optic Shearography system

when δ = (2m +1)π and zero when δ = 2mπ, which produces
a fringe pattern on the monitor. The phase change δ is given
by equation [4], the same as in holography. Figure 5 shows
such an interferogram obtained by ESPI with a plate
subjected to four-point bending, from which the Poisson’s
ratio of the material of the plate could be calculated directly
from the smaller angle between the asymptotes of the
hyperbolic fringes [8]. Figure 6(a) shows the delamination
between two plates bonded together, while Fig. 6(b) shows
a longitudinal crack in a weldments [9].

4. Shearography

In Shearography, we generate correlation fringes which
are contours of constant slope of the out-of-plane
displacement of an object under study [10]. In this technique,
one speckle field is made to interfere with the same speckle
field, but sheared with respect to it. The subtractive
correlation of the speckle patterns of the deformed and
undeformed yields the derivatives of the displacement profile.
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Fig. 8 : Slope fringes obtained on a circular GFRP specimen which was (a) Defect free (b) Having a programmed delamination

loaded mechanically at the center. The optical configuration
of Fig. 8 was used, which is sensitive to the slope of the out-
of-plane displacement. Figure 8(a) shows the fringes obtained
with a defect-free specimen, while Fig. 8(b) shows the fringes
when a delamination was introduced between the third and
fourth layers. The defect site could be easily seen as a
localized fringe.

5. Conclusions

A comprehensive coverage of holography and laser
speckle methods in NDT has been discussed. The specialty
of these methods lies in the fact that they are highly
sensitive, non-contact, whole-field technique for dealing with
several engineering problems. A few applications to the Non-
Destructive Testing / Evaluation has been presented.
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