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Abstract 
"Non-Destructive Testing" refers to any method used to assess performance without harming the test 

object (NDT). Over the past quarter century, NDT has undergone unprecedented development and 

expansion. In terms of originality and progress, it is now considered to be among the most rapidly 

expanding technologies available. Holographic techniques were used in the continuing design, 

engineering, and testing of the assemblies shown, and they have shown to be the most efficient way to 

assess their crucial dynamic properties. The objectives of this study the methods of non-destructive 

holography for different structures. The basic idea behind holographic non-destructive testing is well 

known: the component being tested is exposed to a mechanical condition of stress that is equally 

distributed throughout its surface. 

 

Keywords: Non-destructive testing, holographic, interferometry, dynamic structure, digital, optic 

 

Introduction 
Non-Destructive Testing (NDT) refers to any inspection, test, or assessment that is 

conducted on a test item without causing any damage to the thing in order to identify the 

existence or absence of conditions or discontinuities that might compromise the object's 

utility or serviceability. Other properties of the test object, such as size, dimension, 

configuration, or structure (alloy content, hardness, grain size, etc.), can be measured using 

nondestructive testing. The most basic definition is an analysis done on an object of any size, 

shape, or substance to check for flaws and other defects, or to assess its overall quality. 

Similar terms, such as non-destructive inspection (NDI) and non-destructive evaluation 

(NDE), are also often used to refer to this method. Buildings, planes, and consumer goods 

may all seem infallible because of this technology, yet the typical individual has no idea it 

exists. It is true that NDT cannot ensure that failures will never occur, but it does play a 

crucial part in doing so. Even if NDT is performed correctly, other factors, such as poor 

design or inappropriate use, might still play a role in the failure. 

 

Methods of non-destructive holographic interferometry for the dynamic structural 

Holographic interferometry has been used to successfully describe the composition and 

behaviour of several kinds of stressed structures. These holographic programmes provide 

some of the best modal and dynamic analysis techniques currently on the market. Without 

inflicting any damage, the system detects and displays the vibrational modes, displacements, 

and motion geometry in real time. Studies of structures and processed materials are possible 

with very small amplitude stimulation, and the generated data may be used to improve the 

accuracy of mathematically derived structural models. Holographic interferometry is an 

effective resource for the initial design and development of novel materials like graphite-

epoxy fibre reinforced polymer matrix composites. This sort of material is being used more 

frequently in high-tech aerodynamic, automotive, and other highly mobile systems. These 

manifestations are indicative of a wide variety of structural stresses, including mechanical, 

thermal, and acoustic, that are caused by irregularities and defects that are otherwise hidden. 

Having this kind of information is often crucial for making decisions about mechanical 

configurations and designs, as well as operating conditions, for structures composed of 

complex manufactured materials. 
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Methods  

Holographic interferometry has a number of mature and 

well-established applications in several facets of structural 

research. New technological advancements in laser and 

holographic instruments have also significantly increased 

the value and utility of these analytical tools. Holography 

techniques known as "real-time" and "Multi-exposure" are 

the topics of this debate. The first phrase describes the 

superposition of an object's hologram over the actual thing 

when it is under a slight stress. This is done in order to see 

how small displacement variations impact the object's 

structure while stress is applied in real time. The second 

phrase refers to a pair of holograms that are often produced 

when the item being studied experiences some sort of 

differential stress in between exposures. Aspects of the 

geometry and size of stress-induced displacements in a 

structure are revealed by both procedures. Metal and epoxy-

matrix composite substrates are two examples of advanced 

material architectures that lend themselves nicely to this sort 

of testing. Very small strains and displacements can be 

induced in structures by applying mild mechanical, thermal, 

or acoustic stress without jeopardising the integrity of the 

structures. We then employ holographic techniques to 

inspect the structure and materials for any defects. A 

simplified diagram of the holographic system employed in 

this study is presented in Figure 1. The system includes a 

single-frequency, single-mode Argon-ion laser. "Instant 

holocameras" built of photo-thermoplastic were used to 

record holograms. Imagery of the holograms was recorded 

using a high-definition television camera and screen. 

Holograms at a wavelength of.5145 microns were made 

with controlled exposures to produce the high contrast ratios 

desired in the interferograms. A holographic plate was 

illuminated by a reference beam, while the object beam was 

directed towards the structure of interest. A hologram of the 

assembled composite structure might be taken at this setup 

in either real time or with several exposures. Holographic 

techniques were used for the purpose of studying the 

composition, behaviour, and mounting geometry of a 

graphite-epoxy composite part used in an experiment.  

 

 
 

Fig 1: Holographic interferometry system. 
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Fig 2: Graphite-epoxy composite structure assembly configuration. 

 

Holograms of the displacement patterns of created stress are 

used to precisely map the location and extent of 

nonuniformities, discontinuities, microcracks, and other 

structural faults in the volume and mounting of the 

composite material. These "roadmaps" may be compared to 

the requirements of the testing and production settings. This 

allows the optimal design, engineering, and most 

importantly, operational inspection to be determined based 

on the structure's real-world behaviour. The data obtained 

represent an assembly of a composite structure made from a 

polymer matrix. Mass loading, composite thickness, shape, 

as well as material density, homogeneity, and constraint, all 

have significant impacts on the resulting fringe patterns. We 

may expect the holographic fringes to clearly display any 

flaws, imperfections, or inconsistencies in the structural 

volume of the material.  

Procedure 

When the test composite structure assembly was placed and 

in a "undisturbed" state, a holographic exposure was made 

(isolated from any induced vibrations or stresses). The 

resulting real-time holographic picture that was overlaid was 

then shown on the monitor. As the composite structural 

assembly was strained, the interference fringes that were 

created mapped the displacements and geometries. The 

holographic pictures are examined in real-time while the 

fringe patterns are tuned to prevent rigid body motion, and 

the outcomes are recorded (imaged) in the areas of greatest 

significance. The whole motion geometries of the generated 

stresses in the assemblies may be precisely described by 

recording multi-exposure holograms that trace the distinct 

"before and after" behaviour. The holographic fringes' 

displacements' size is very tiny, making them nondestructive 

to the assembly being tested. Each fringe represents an 

isobar of displacement of one-half wavelength of the 

illuminating light in the real-time and multi-exposure 

holographic image. The displacement that results from this 

is 0.2573 microns (10.1 micro-inches). 

 

Results 

Primary fringe maps similar to those in Figure 3 are 

presented by the simplest holographic stress analysis of a 

homogenous, symmetrically placed composite structural 

assembly. These images depict holograms of the composite 

structure's highly strong simple bending and torsional 

geometries. The mechanically generated stresses resulting in 

these fringe patterns were created by the application of a 

very low intensity uniform force. There are no obvious 

structural flaws that might also cause the fringes to be 

warped or altered by constraints or mass loading effects. 

The bending of the structure is defined as a displacement 

phenomenon whose amplitude grows linearly from the 

mounting assembly of the component by the holographic 

fringe pattern seen in the first image. The second figure's 

fringe geometry shows a significant pattern of torsional 

displacement coupled with restraint at the mounting of the 

assembly. 

 

  
 

Fig 3: Fringe patterns showing simple bending and torsional geometries 

 

The effects of additional stress are illustrated in Figure 4. As 

displacement varies throughout the surface as a function of 

localised stress in the substrate, fringe geometries become 

increasingly complicated. It should be noted that mounting 

and material abnormalities can potentially alter this type of 

geometry. Changes in the substrate can also selectively alter 

bending and torsion patterns. Holograms with fundamental 

fringe geometries that have been altered by nonisotropic 
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mounting limitations are seen in Figure 5. The distortion 

describes how the structure is affected by non-uniform 

restraint and loading. The basic bending geometry in the 

first picture is mapped by a real-time hologram that depicts 

a strong stress gradient. Extreme restraint on the mounting 

assembly and significant displacements brought on by the 

component's free edge's direct mechanical stress may cause 

aberrant behaviour or even component breakdown. 

 

 
 

Fig 4: Holograms showing high stress gradient and differential loading effects. 
 

 
 

Fig 5: Included structural flaw. 

 

In the second example, we see a hologram with a fringe 

pattern that is characteristic of a very different loading 

situation from the one used to create the first. Stress is 

concentrated in the mounting area, as demonstrated by the 

circular fringes, which contrast dramatically with the lack of 

surrounding fringe continuity. There is more evidence that a 

restriction or aberrant mass loading is at play here. A 

catastrophic breakdown of a crucial component may follow 

from these actions.In Figure 5, we see a hologram of the 

composite part with the thermal stress artificially lowered. 

Fringe pattern distortions reveal budged imperfections in the 

composite substrate. This irregularity, although physically 

present in the composite, manifests as a topographical offset 

on the substrate. When these defects manifest as inclusions, 

trapped gas, delaminations, or anything else associated with 

the manufacturing process, they are easy to spot. Testing 

and adjusting the parts and, eventually, the production 

process might limit the occurrence of such material-related 

irregularities. Final structural analysis and development 

requires a direct comparison between the composite 

structure assembly's real configuration and the relevant 

displacement maps of the entire system of which it is a part. 

This comparison illustrates how the operational 

environment may really affect the complete mechanical 

system. Mechanical stability ensures that the assembly's 

components are stressed as little as possible when in use. 

 

NDT of composite plates by holographic Vibrometry 

Laminate composites and sandwich materials may be 

examined by using lamb waves, which interact with 

delaminations. Non-contact detection of Lamb waves 

induced in a structure was made possible with the 

introduction of scanning laser Doppler interferometric 

techniques. It was demonstrated that by utilising the local 

vibrational difference between a delaminated patch and the 

surrounding structure, defect maps could be created. To 

highlight local damage differences, time-domain laser 

Doppler measurements analysis techniques were developed. 

Among these, calculation of the local energy from temporal 

wave fields and spatial and temporal discrete Fourier 

transforms methods have demonstrated their effectiveness. 

However, scanning laser Doppler vibrometry is a time-

consuming method that prevents real-time observations with 

great spatial resolution. 
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Fig 6: Mach-Zehnder optical holographic interferometer 

 

Separating the main laser beam into two channels allows for 

greater flexibility. When the object is vibrating at an angular 

frequency of, the optical field is backscattered by it in the 

object channel, resulting in two modulation sidebands at 

small vibration amplitudes. As a result of two acousto-optic 

modulators, the frequency of the optical field in the 

reference channel may be changed. When the two optical 

beams collide, an interference pattern is produced, which is 

recorded by the camera's sensor array. Holographic 

rendering is a popular method for creating 3D visuals, and it 

often involves a mathematical formula to produce the final 

product. Fresnel lens transformation. The composite is a 

symmetric sandwich with 3/8"-thick aluminium honeycomb 

cells that are 2.5 cm thick. The skin is an epoxy resin-coated 

stack of woven carbon fibre plies measuring 1.1 mm thick 

and having a density of 1.7 g/cm3. The semi-analytical finite 

element (SAFE) approach is utilised to determine the 

dispersion relation of the first antisymmetric Lamb mode 

A0 using its standard mechanical characteristics, presented 

in Tab. I for one woven ply. Fig. 7 displays the plot of this 

dispersion relation. To cause a small-scale, imperceptible 

separation of the skin from the honeycomb, the composite 

was struck at 1 J on the monitoring side. A piezoelectric 

transducer was attached to the carbon/epoxy plate, as 

illustrated at the bottom of Fig. 8, in order to produce 

steady-state Lamb waves in the plate (a). A sinusoidal signal 

with a sweeping angular frequency ω is applied to the piezo 

disc, which has a 2 cm diameter. Holographic vibrometry 

uses resonant Lamb waves as a monitoring targe. 

 

 
 

Fig 7: Stiffness tensor components Cij of the composite material, 

in GPa. Plies are stacked along the out-of-plane direction z. 

By assuming a circular defect geometry, we are able to 

quantify the local delamination defect and demonstrate how 

altering the boundary conditions in the carbon fibre epoxy 

plate generates local resonances of anti-symmetric Lamb 

waves at low frequencies that are proportional to the defect 

size. Kinematics of flexural A0 Lamb waves in an isotropic 

plate are described by the Kirchhoff-Love equation. 

 

 
 

where z is the out-of-plane motion, ∇ is the gradient 

operator, h is the thickness of the plate, E is the young 

modulus of the material, ρ its density, and ν its Poisson’s 

ratio. In polar coordinates (r, θ), the harmonic solutions of 

eq.1 take the form z = Z (r, θ) exp(iωt), where i is the 

imaginary unit.  

 

 
 

Fig 8: Dispersion relation of the first antisymmetric Lamb mode 

(A0) in a 1.1 mm-thick carbon fiber epoxy plate 

 

The SAFE technique is used to numerically resolve the 

Rayleigh Lamb equation, resulting in the dots. In the low 

frequency approximation for a homogeneous and isotropic 

plate, the statement of the Rayleigh-Lamb equation looks 

like this: Eq. hk ≪ 1 (where h is the thickness of the plate 

and k is the wave vector) corresponds to the line (2). Lamb 

mode slowness curves at 17 kHz and 34.5 kHz were 

computed. 
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Fig 9: Direct image of the composite plate used for the experiment, illuminated with the green laser (a). Holographic images of the out-of-

plane vibration (b-f). Geometric vibration modes : (m, n) = (0, 1) at 17 kHz (c), (m, n) = (1, 1) at 27.7 kHz (d), (m, n) = (2, 1) at 34.5 kHz 

(e). Zone (1) corresponds to the delamination region, and zone (2) is a healthy region, 5 cm away from zone (1). 

 

The Rayleigh-Lamb dispersion relation of the A0 mode in 

the low frequency approximation is introduced to derive the 

steady-state solutions Z(r, θ) 

 

 
 

where k is the wave vector and cp = p E/ρ (1 − ν 2) is the 

speed at which longitudinal waves spread out on an 

isotropically thin plate. Because our material is anisotropic, 

the cp we have calculated cannot be used in this context. 

However, we demonstrate that the composite may be 

assumed to be a quasi-isotropic ply throughout the 

monitored frequency range, from 10 kHz to 60 kHz, for 

which cp can be evaluated by a fitting technique of 

dispersion relationships. The mechanical parameters of the 

plate were used to derive the slowness curves for the Lamb 

modes at 17 kHz and 34.5 kHz (stiffness tensor, thickness, 

angles between woven plies). The polar curves given in Fig. 

4.8 suggest that the material exhibits quasi-isotropic 

behaviour at these frequencies. After obtaining the values of 

the mechanical parameters, we fit the dispersion relation 

determined using the SAFE technique and reported in Fig. 2 

(dots) with Eq.2. This yields an equivalent velocity of cp = 

5150 m/s (plotted as a line). 

Figure 9 is a holographic representation of the amplitude of 

the out-of-plane vibration at various frequencies. 
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Narrowband detection's frequency was scanned between 10 

and 60 kHz so that vibrations could be tracked. Each 

photograph took half a second to capture completely. The 

delamination defect's vibration modes were assumed 

visually to be Fig. 9(c) corresponding to the mode (m, n) = 

(0, 1), (ii) Fig9(d) corresponding to the mode (m, n) = (1, 1), 

and (iii) Fig. 4.9(e) corresponding to the mode (m, n) = (0, 

1). (2, 1). In Fig. 9(b), we can see that two distinct sections, 

(1) in the delamination zone and (2) in a typically healthy 

part, have been marked off. Spectral vibration amplitudes 

are compared between the two regions in Fig. 10. We 

estimated the radius an of the damaged region using the 

resonance frequencies of the geometrical modes (0,1), (1,1), 

and (2,1), as given by Eq. 5. With the use of the given 

values for h and cp, we were able to calculate the values for 

a01, a11, and a21. These radii are all around the same size. 

We examined the lateral extension of the vibrating zone for 

the mode (m, n) = (0, 1) and the mode (m, n) = (2, 1), which 

demonstrate a strong signal-to-noise ratio, to verify this 

theoretical approach to delamination vibrations (Fig. 4). 

Images of the observed local out-of-plane amplitude (a) and 

the simulated solutions of the steady-state modes Z (b) for 

eigenvalues γ01 (c) & γ21 (d) were given in Figure 5. 

 

 
 

Fig 10: Local out-of-plane vibration amplitude versus excitation (and measurement) frequency ω/(2π) in the delamination region of the 

composite plate (blue line, region (1)), and 5 cm away from the region (red line, region (2)). Specific resonances of the delamination region 

corresponding to the spatial vibration modes (m, n) = (0, 1), (m, n) = (1, 1), and (m, n) = (2, 1) are highlighted by arrows. 

 

The peak highlighted by ∗ is an alternate (m, n) = (0, 1) 

mode assumed to be caused either by (i) anisotropy in the 

carbon epoxy plate and/or (ii) non-circular symmetry of the 

delamination defect. 

Both coefficients Am and Cm for each mode were estimated 

using the boundary condition Z(amn) = 0 and the maximum 

amplitude measured on the experimental data. Figures 11(e) 

and (f) compare calculated and measured vibration 

amplitude profiles and demonstrate good agreement for 

both. In order to identify delamination defects in sandwich-

type composite plates, we have established a wide-field, 

real-time structural health monitoring approach. Low 

frequency flexural waves were generated in the plate with 

the assistance of an ultrasonic actuator, and time-averaged 

heterodyne holography and a dual local oscillator were used 

to take non-contact vibrometric measurements. 
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Fig 11: Lateral extension of the vibrating region for the spatial vibration modes (m, n) = (0, 1) at 17 kHz and (m, n) = (2, 1) at 34.5 kHz. 

Holographic images of experimental results (a,b). Calculated modes (c,d). Profile of the out-of-plane amplitude along a line (e,f); blue : 

experiments, red : theoretical curve. 
 

Two optical modulation sidebands were sampled and 

utilised to calculate the amount of camera bandwidth 

vibration. At the frequency of the stimulation, it was found 

that flexural waves and delamination flaws in a sandwich 

composite plate with an aluminium honeycomb core were 

connected. Sweeping the excitation and detection 

frequencies allowed for the measurement of the vibration 

spectra in close proximity to and far away from the problem. 

Low-frequency resonances were seen locally in a composite 

plate, and the likely cause was the presence of local 

delaminations. The visible layer's mechanical characteristics 

and the flexural wave's first resonance frequency were used 

to determine the defect's magnitude. There is great 

agreement between the results of experimental study on the 

vibration frequency of a local delamination of the composite 

and its lateral expansion and the suggested analytical 

connection. 

 

Application of digital holography for nde of metallic 

tubes 

Digital holography has shown to be a powerful online 

inspection tool for non-destructive testing in a variety of 

scientific and technical disciplines. These include fluid 

mechanics, microscopy, profile measuring, 3D object 

recognition, deformation measurement, and vibration 

analysis. This method of holography typically entails 

capturing an optical field emanating from a lit object in a 

diffraction plane and numerically estimating the dispersion 

of the optical wave field in the reconstruction plane. During 

the process of numerical reconstruction, the digitally 

sampled hologram may be utilised to ascertain not only the 

intensity but also the phase information of the recorded 

wavefield. One of the most significant applications of digital 

holography is holographic interferometry, which is related 

to Holographic Non-Destructive Testing (HNDT). In 

HNDT, a very little tension or excitation is applied to the 

specimen via holographic interferometry. Measure the 

mechanical and thermal response of a component to its 

design environment using HNDT for a rapid, low-cost 

option to back up your design or simulation. Holographic 

nondestructive testing may detect and see micrometer-scale 

deformations through the use of fringe patterns. Artificial 

flaws in the material manifest as a visual inhomogeneity in 

the fringe pattern, which is a direct result of the surface's 

distortion. 

 

Digital holographic recording and Reconstruction  
In holography the entire optical wave field is recorded by 

coding the information with the help of a reference wave 

which is mutually coherent with the object wave field. The 

object wave field UO (x, y) scattered by the specimen to be 

evaluated is superposed to the reference wave field UR (x, 

y). The resulting intensity distribution H (x, y) recorded by 

the CCD/CMOS target is written as 

 

 (1) 

 

Here ‘*’ denotes complex conjugation and the spatial (x, y) 

coordinates are omitted for clarity. Equation [1] constitutes 

what is classically called the digital hologram. It includes 

three orders: the 0-order is composed of terms |Ur + U0|2 

commonly referred as DC; the +1 order is the term Ur*U0 

and the −1 order term UrU0 *is denoted as the twin image. 

Further optical reconstruction of the wave field is done 

numerically by pointwise multiplication of the recorded 
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hologram data with a numerical model of the reference 

wave and propagation of the resulting complex field. 

 (2) 

 

The Fresnel-Kirchoff integral, which is derived from the 

Fourier transform of the product of the transmittance and the 

quadratic phase factor, is used in the numerical 

reconstruction process to represent the complex amplitude 

of the diffracted wave field at the real picture plane. The 

intensity of the actual picture is determined by the complex 

amplitude's resultant modulus. 

 

Schematics of the holographic interferometer's optics 

Digital holograms are made by interferometrically mixing 

two waves, one representing the reference object and the 

other representing the item of interest, at the surface of a 

pixel matrix image sensor device (CCD/CMOS camera). 

The resulting holographic interference patterns are digitally 

sampled and stored by a CCD/CMOS camera, and the 

computer then utilises those samples to numerically 

reconstruct the image. Targeted by a sensor, the light field's 

amplitude and phase distributions are recorded as a 

microscopic interference pattern. Light grains and micro 

fringes both contribute to the microstructure of a digital 

hologram, although the latter is the more dominant 

component. Light grains reflecting off an object's surface 

are called "specks" because of their erratic nature. Digital 

holographic interferometry involves the digital capture and 

approximation of holograms representing the undeformed 

and deformed states of the object. Based on the method of 

gathering reference and object beams, two fundamental 

holographic interferometry layouts are constructed 

theoretically for capturing the wavefield at the object's 

surface. The object wave and the reference wave are 

decoupled in the initial setup by use of wavefront division. 

Figure 12 shows how this is done by directing the expanded 

laser beam partially onto the mirror and then onto the 

object's face. 

 

 
 

Fig 12: Wave front Division Hologram Construction 

 

Amplitude division hologram construction is the name given 

to the second arrangement in figure 13. In this 

configuration, the laser beam is divided into two coherent 

beams by a beam splitter and then enlarged by a 

conventional diverging lens. While the other beam 

immediately reaches the sensor target and creates the 

reference wave, the first beam lights the item. As a result, 

the reference wave and object wave are coherently 

combined, and their interferences are captured in the 

recording plane. 

 

 
 

Fig 13: Amplitude Division Hologram Construction 

 

Experimental details 

The schematic of holographic interferometry setup used for 

the static deformation experiment is shown in figure 14. 

 

 
 

Fig 14: Layout of experimental setup 

 

In this arrangement, a spatial filter assembly is used to 

expand and filter a narrow laser beam with a long enough 

coherence length that originates from a 532 nm diode-

pumped laser. The main components of the spatial filter 

assembly are a pinhole and a microscope objective lens. It 

serves three main purposes. Since the microscope objective 

used is typically a double concave lens, the first function is 

to diverge the laser beam. The second function is to remove 

noise on the holograms caused by dust and scratches on the 

optics, and the third function is to partially annihilate 

internal noise created in the laser cavity that travels with the 

beam. As a consequence, a plane mirror is positioned close 

by and the filtered beam that results is arranged to fall 

directly on the item. At the surface of the CMOS sensor, 

which is the hologram plane, the dispersed waves from the 

mirror and the object interact with one another. Figure 4.15 

depicts the test specimen, a holed metallic tube, which is 

thermally loaded using a heat blower apparatus. 
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Fig 15: Snap shot of test specimen 

 

Initial recording of a reference hologram is followed by the 

continuous recording of succeeding holograms under 

various static circumstances of the test object. In terms of 

the phase and amplitude variations brought on by the 

specimen, it is possible to deduce the modulations of 

holographic micro fringe patterns that are captured on the 

CMOS camera. Figure 16 shows a few photos of the 

holograms that were taken while they were being heated up. 

 

   
 

Fig 16: Snap shots of the captured holograms 
 

Using proprietary H-Digital holographic software, it is 

possible to numerically rebuild double exposure holographic 

fringe patterns from single exposure holograms. Subtracting 

the mathematically reconstructed intensities and phases of 

the undeformed and deformed object wavefronts, 

respectively, yields the intensity of the double exposure 

fringe patterns and equivalent interference phase. H 

Digital© environment shown in figure 17thuseliminates the 

requirement of a laser for reconstruction of holograms. 
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Fig 17: H-Digital © software environment 

 

Results and Discussions 

Figure 18 illustrates holographic interference fringes created 

by numerically reconstructing individual single exposure 

holograms under two exposures with a reference state. 

These fringe patterns represent contours of equal 

displacement brought about by the loading of the item. It is 

possible to estimate the displacement level to be about equal 

to λ/2 from the fringe spacing. 

 

 
 

Fig 18: Holographic fringes developed during thermal loading process 
 

The object's imperfection causes regional variations in the 

surface displacement, which in turn creates fringe anomalies 

in the normally uniformly fluctuating fringe pattern. The 

item shape and experimental set-up affect the fringe pattern, 

which is quite delicate. Thermal deformation phenomena 

begin to be produced during the heating up process due to 
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the temperature contrast that has arisen on the specimen's 

surface. It is understood that when heat is added, the fringe 

width gets smaller and smaller while the homogeneity is 

maintained. Since the expansion of the heated specimen has 

caused thermal deformation, which starts a rise in optical 

path difference, the thermal loading process results in a 

larger fringe density. Since the testing temperatures were so 

low, the outcome clearly shows that the metal tube with 

holes had been heated evenly and had no flaws noted. 

Holograms in classical holography cannot be improved once 

they are recorded and produced, therefore any flaw in the 

recording process will adversely affect the reconstruction of 

the hologram. The application of various image processing 

techniques on digital holograms to optimize the 

reconstructed pictures allows for the circumvention of this 

constraint in digital holography. Prior to the double 

exposure numerical reconstruction, the individual 

holograms are subjected to the Histogram Equalization (HE) 

approach to improve the overall brightness and contrast of 

the restored fringe pattern. The reconstructed picture in 

figure 19 can be seen to be approximately polluted with 

noisy flecks, despite the fact that the brightness has been 

raised overall. 

 

   
 

Fig 19: Effect of Histogram Equalization on holographic fringe contrast and brightness 

 

Conclusion 
Holographic interferometry, a potent method, is a crucial 

tool for engineering design, quality control, and non-

destructive testing and inspection. In HNDT, a very little 

stress or excitation is applied to the item being researched, 

and the behaviour is then observed using HI. The flaws in 

the item can be identified as a deviation from the normally 

occurring fringe pattern. HNDT is a whole-field, extremely 

sensitive, non-contact technology that may be used on 

objects of any size and form. HNDT can be excited 

mechanically, thermally, pneumatically, or vibratorily. It 

was possible to find flaws such inclusions, fractures, voids, 

debonds, voids, residual stress, improper fittings, and 

internal abnormalities. HNDT is used to check things like 

the separation of aviation tyre plies, the delamination of a 

helicopter rotor blade's composite material, PCB inspection, 

rocket castings, pressure vessels, and more. 
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