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Holography solves this by recording both amplitude and phase, which allows the original light waves to be reconstructed.
This technology is used across many fields. Engineers use holography to inspect structures and detect defec
touching them. Doctors use it for imaging tissues and cells. Modern AR/VR systems use holographic projections to create 
natural, eye
appli
2. Historical Background
The idea of holography began in 1947 when Dennis Gabor was trying to improve electron microscopes. At that time, the 
technology wasn’t practical because lasers 
holography possible.
Key milestones:

Recent years: AI, CGH, and quantum holography bring new capabilities
digital ones marks one of the biggest leaps in imaging technology.

Holography works in two steps:
3.1 Recording
A laser beam is split into two: object beam and reference beam.
on a recording medium and form an interference pattern.
3.2 Reconstruction
When the recorded pattern is illuminated with a reference beam, the light diffracts and recreates the original 
The result looks like a real 3D object floating in space.
holography actually reconstructs the wavefront, not just two images.

3.3
Different holograms serve different purposes:
S.N
1 

2 
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Holography solves this by recording both amplitude and phase, which allows the original light waves to be reconstructed.
This technology is used across many fields. Engineers use holography to inspect structures and detect defec
touching them. Doctors use it for imaging tissues and cells. Modern AR/VR systems use holographic projections to create 
natural, eye-friendly 3D visuals. With the support of today’s computing power, holography is moving closer to real
applications. 
. Historical Background

The idea of holography began in 1947 when Dennis Gabor was trying to improve electron microscopes. At that time, the 
technology wasn’t practical because lasers 
holography possible.
Key milestones: 

Year 
1947 
1960 
1970 
1980s–2000s

Recent years: AI, CGH, and quantum holography bring new capabilities
digital ones marks one of the biggest leaps in imaging technology.

Holography works in two steps:
1 Recording:

A laser beam is split into two: object beam and reference beam.
on a recording medium and form an interference pattern.

2 Reconstruction
When the recorded pattern is illuminated with a reference beam, the light diffracts and recreates the original 
The result looks like a real 3D object floating in space.
holography actually reconstructs the wavefront, not just two images.

3.3 Types of Holograms
Different holograms serve different purposes:

No Types 
 Transmission 

Holograms

 Reflection Holograms

 Digital Holograms
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. Historical Background 
The idea of holography began in 1947 when Dennis Gabor was trying to improve electron microscopes. At that time, the 
technology wasn’t practical because lasers 
holography possible. 

 
Milestone
Gabor introduces the concept of wave front reconstruction.
Laser invention enables proper hologram recording.
Off-

2000s Digital sensors and computers make digital holography possible.
Recent years: AI, CGH, and quantum holography bring new capabilities
digital ones marks one of the biggest leaps in imaging technology.

Holography works in two steps:
: 

A laser beam is split into two: object beam and reference beam.
on a recording medium and form an interference pattern.

2 Reconstruction: 
When the recorded pattern is illuminated with a reference beam, the light diffracts and recreates the original 
The result looks like a real 3D object floating in space.
holography actually reconstructs the wavefront, not just two images.

Types of Holograms 
Different holograms serve different purposes:

Transmission 
Holograms 

Reflection Holograms

Digital Holograms 
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The idea of holography began in 1947 when Dennis Gabor was trying to improve electron microscopes. At that time, the 
technology wasn’t practical because lasers 

Milestone 
Gabor introduces the concept of wave front reconstruction.
Laser invention enables proper hologram recording.

-axis and reflection holograms reduce noise and improve clarity.
Digital sensors and computers make digital holography possible.

Recent years: AI, CGH, and quantum holography bring new capabilities
digital ones marks one of the biggest leaps in imaging technology.

Holography works in two steps: 

A laser beam is split into two: object beam and reference beam.
on a recording medium and form an interference pattern.

When the recorded pattern is illuminated with a reference beam, the light diffracts and recreates the original 
The result looks like a real 3D object floating in space.
holography actually reconstructs the wavefront, not just two images.

Fig 2: Recording and Reconstructing of

Different holograms serve different purposes:
Purpose
A transmission holograms is one where the object and 
on recording medium from the same side.
beams in required directions.

Reflection Holograms Reflection holograms are only visible under white light.
are incident on the plate from opposite sides of plate.
The reconstructed object is then viewed from the same side of the plate as that where 
the re-constructing beam is incident.
Digital holograms is the processing of holograms with a digi
CCD camera or a similar device.
which can measure 3
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The idea of holography began in 1947 when Dennis Gabor was trying to improve electron microscopes. At that time, the 
technology wasn’t practical because lasers didn’t exist yet. The invention of the laser in 1960 changed everything and made 

Gabor introduces the concept of wave front reconstruction.
Laser invention enables proper hologram recording.

axis and reflection holograms reduce noise and improve clarity.
Digital sensors and computers make digital holography possible.

Recent years: AI, CGH, and quantum holography bring new capabilities
digital ones marks one of the biggest leaps in imaging technology.

3. METHODOLOGY

A laser beam is split into two: object beam and reference beam.
on a recording medium and form an interference pattern.

When the recorded pattern is illuminated with a reference beam, the light diffracts and recreates the original 
The result looks like a real 3D object floating in space.
holography actually reconstructs the wavefront, not just two images.

Recording and Reconstructing of

Different holograms serve different purposes: 
Purpose 
A transmission holograms is one where the object and 
on recording medium from the same side.
beams in required directions.
Reflection holograms are only visible under white light.

incident on the plate from opposite sides of plate.
The reconstructed object is then viewed from the same side of the plate as that where 
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Digital holograms is the processing of holograms with a digi
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This technology is used across many fields. Engineers use holography to inspect structures and detect defec
touching them. Doctors use it for imaging tissues and cells. Modern AR/VR systems use holographic projections to create 

friendly 3D visuals. With the support of today’s computing power, holography is moving closer to real

The idea of holography began in 1947 when Dennis Gabor was trying to improve electron microscopes. At that time, the 
didn’t exist yet. The invention of the laser in 1960 changed everything and made 

Gabor introduces the concept of wave front reconstruction.
Laser invention enables proper hologram recording.

axis and reflection holograms reduce noise and improve clarity.
Digital sensors and computers make digital holography possible.

Recent years: AI, CGH, and quantum holography bring new capabilities
digital ones marks one of the biggest leaps in imaging technology. 

METHODOLOGY

A laser beam is split into two: object beam and reference beam. The object beam reflects off the object.
on a recording medium and form an interference pattern. This pattern captures the full light information.

When the recorded pattern is illuminated with a reference beam, the light diffracts and recreates the original 
The result looks like a real 3D object floating in space. This is different from 3D glasses or stereoscopy because 
holography actually reconstructs the wavefront, not just two images. 

Recording and Reconstructing of

A transmission holograms is one where the object and 
on recording medium from the same side.
beams in required directions. 
Reflection holograms are only visible under white light.

incident on the plate from opposite sides of plate.
The reconstructed object is then viewed from the same side of the plate as that where 

constructing beam is incident.
Digital holograms is the processing of holograms with a digi
CCD camera or a similar device. The process involves numerically reconstructed data 

-D surface or optical thickness images.
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Laser invention enables proper hologram recording. 

axis and reflection holograms reduce noise and improve clarity.
Digital sensors and computers make digital holography possible.

Recent years: AI, CGH, and quantum holography bring new capabilities. The shift from traditional optica

METHODOLOGY 

The object beam reflects off the object.
This pattern captures the full light information.

When the recorded pattern is illuminated with a reference beam, the light diffracts and recreates the original 
This is different from 3D glasses or stereoscopy because 

 

Recording and Reconstructing of Hologra

A transmission holograms is one where the object and 
on recording medium from the same side. Several mirrors may be used to direct the 

Reflection holograms are only visible under white light.
incident on the plate from opposite sides of plate.

The reconstructed object is then viewed from the same side of the plate as that where 
constructing beam is incident. 

Digital holograms is the processing of holograms with a digi
The process involves numerically reconstructed data 

D surface or optical thickness images.
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The idea of holography began in 1947 when Dennis Gabor was trying to improve electron microscopes. At that time, the 
didn’t exist yet. The invention of the laser in 1960 changed everything and made 

Gabor introduces the concept of wave front reconstruction. 

axis and reflection holograms reduce noise and improve clarity. 
Digital sensors and computers make digital holography possible. 

The shift from traditional optica

The object beam reflects off the object.
This pattern captures the full light information.

When the recorded pattern is illuminated with a reference beam, the light diffracts and recreates the original 
This is different from 3D glasses or stereoscopy because 

olography. 
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Digital holograms is the processing of holograms with a digital sensor array, typically a 
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Holograms (CGH)

 Hybrid Holograms

4.1 Hologram Recording Process:
 Coherent Light Beam (Laser Source):The process starts with a coherent light beam, usually from a laser. Coherent light 

means all light waves move together, which is important for creating 
 Beam splitter
 Illumination beam (Object beam)
 Reference beam
 Illumination B

When this beam strikes the object, it reflects in many directions.
 Reference Beam:

hologram plate.
 Interference on Photographic Plate:

They interfere with each other, forming an interference pattern.
This pattern looks like random stripes or ripples but actually holds full 3D information.
4.2 Hologram Reconstruction Process
This is how the 3D im

 Reconstruction Beam
onto the developed holographic plate.

 Reconstructed Wavefronts
deflects the light to recreate the original object beam wavefronts.

 Viewer Sees a Virtual Image
 Since the light behaves just like the light ref

object. The object appears to float in space, even though it isn’t physically there.

Modern holography depends heavily on computation:
 Recording algorithms: Simulate interference patterns

does not exist physically 
 Reconstruction algorithms: 

wave propogation equations.
 CGH algorithms

optical setup is needed.
 Fourier-based hologram synthesis

generating holograms for spatial light 
 Phase-only holograms

amplitude. 
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Computer-Generated 
Holograms (CGH) 

Hybrid Holograms 

Hologram Recording Process:
Coherent Light Beam (Laser Source):The process starts with a coherent light beam, usually from a laser. Coherent light 
means all light waves move together, which is important for creating 
Beam splitter: The laser beam splits into two separate beams:
Illumination beam (Object beam)
Reference beam 
Illumination Beam: Object Beam:

this beam strikes the object, it reflects in many directions.
Reference Beam: The other part of the laser beam (reference beam) hits a mirror, which redirects it toward the 
hologram plate. 
Interference on Photographic Plate:

They interfere with each other, forming an interference pattern.
This pattern looks like random stripes or ripples but actually holds full 3D information.

Hologram Reconstruction Process
This is how the 3D image is viewed again from the hologram.

Reconstruction Beam: To see the hologram, a reconstruction beam (usually the same type of laser used before) shines 
onto the developed holographic plate.
Reconstructed Wavefronts
deflects the light to recreate the original object beam wavefronts.
Viewer Sees a Virtual Image
Since the light behaves just like the light ref

The object appears to float in space, even though it isn’t physically there.

Modern holography depends heavily on computation:
Recording algorithms: Simulate interference patterns
does not exist physically 
Reconstruction algorithms: 
wave propogation equations.
CGH algorithms: CGH algorithms

al setup is needed. Used for making synthetic holograms in hybrid 
based hologram synthesis

generating holograms for spatial light 
only holograms: This algorithm is used to modulate only the phase information 

 It is mostly used to convert a complex hologram into 
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Generated CGH created using numerical simulations
make Holographic Optical Elements(HOE) for scanning, splitting, focusing and as 
controlling laser light in many optical devices. 
Hybrid holograms are combination of both reflection hologram and transm
hologram.It produces more accurate and flexible 3
combination of any two holograms.
lasers, then

Hologram Recording Process: 
Coherent Light Beam (Laser Source):The process starts with a coherent light beam, usually from a laser. Coherent light 
means all light waves move together, which is important for creating 

The laser beam splits into two separate beams:
Illumination beam (Object beam) 

Object Beam: The illumination beam goes toward the object (like the cube shown in the diagram). 
this beam strikes the object, it reflects in many directions.

The other part of the laser beam (reference beam) hits a mirror, which redirects it toward the 

Interference on Photographic Plate: Both beams (object and refe
They interfere with each other, forming an interference pattern.
This pattern looks like random stripes or ripples but actually holds full 3D information.

Hologram Reconstruction Process
age is viewed again from the hologram.

To see the hologram, a reconstruction beam (usually the same type of laser used before) shines 
onto the developed holographic plate. 
Reconstructed Wavefronts: The reconstruction beam interacts
deflects the light to recreate the original object beam wavefronts.
Viewer Sees a Virtual Image: The viewer’s eyes receive the reconstructed wavefronts.
Since the light behaves just like the light ref

The object appears to float in space, even though it isn’t physically there.

Fig 3: Hologram Recording 
5. ALGORITHMS IN HOLO

Modern holography depends heavily on computation:
Recording algorithms: Simulate interference patterns
does not exist physically and to create syenthetic holograms for AR/VR.
Reconstruction algorithms: It recreates 3
wave propogation equations. 

: CGH algorithms generate holograms through mathematical computations
Used for making synthetic holograms in hybrid 

based hologram synthesis: This algorithms creates holograms 
generating holograms for spatial light 

This algorithm is used to modulate only the phase information 
It is mostly used to convert a complex hologram into 
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CGH created using numerical simulations
make Holographic Optical Elements(HOE) for scanning, splitting, focusing and as 
controlling laser light in many optical devices. 
Hybrid holograms are combination of both reflection hologram and transm
hologram.It produces more accurate and flexible 3
combination of any two holograms.
lasers, then reconstructed using algorithms, sensors or Spatial Light Modulators(SLMs).

4. EXPERIMENTAL SETUP

Coherent Light Beam (Laser Source):The process starts with a coherent light beam, usually from a laser. Coherent light 
means all light waves move together, which is important for creating 

The laser beam splits into two separate beams:

The illumination beam goes toward the object (like the cube shown in the diagram). 
this beam strikes the object, it reflects in many directions.

The other part of the laser beam (reference beam) hits a mirror, which redirects it toward the 

Both beams (object and refe
They interfere with each other, forming an interference pattern.
This pattern looks like random stripes or ripples but actually holds full 3D information.

Hologram Reconstruction Process 
age is viewed again from the hologram.

To see the hologram, a reconstruction beam (usually the same type of laser used before) shines 
 

The reconstruction beam interacts
deflects the light to recreate the original object beam wavefronts.

The viewer’s eyes receive the reconstructed wavefronts.
Since the light behaves just like the light reflected from the original object, the viewer sees a virtual 3D image of the 

The object appears to float in space, even though it isn’t physically there.

Fig 3: Hologram Recording 
. ALGORITHMS IN HOLO

Modern holography depends heavily on computation: 
Recording algorithms: Simulate interference patterns

and to create syenthetic holograms for AR/VR.
It recreates 3-D images from a recorded 

generate holograms through mathematical computations
Used for making synthetic holograms in hybrid 

This algorithms creates holograms 
generating holograms for spatial light modulators (SLMs).

This algorithm is used to modulate only the phase information 
It is mostly used to convert a complex hologram into 

IJIRIS: International Journal of Innovative Research in Information Security
                                        

                                                                                                                             

__________________________________________________________________________
Reserved         https://doi.org/10.26562/ijiris

CGH created using numerical simulations
make Holographic Optical Elements(HOE) for scanning, splitting, focusing and as 
controlling laser light in many optical devices. 
Hybrid holograms are combination of both reflection hologram and transm
hologram.It produces more accurate and flexible 3
combination of any two holograms.

reconstructed using algorithms, sensors or Spatial Light Modulators(SLMs).
 

. EXPERIMENTAL SETUP

Coherent Light Beam (Laser Source):The process starts with a coherent light beam, usually from a laser. Coherent light 
means all light waves move together, which is important for creating 

The laser beam splits into two separate beams: 

The illumination beam goes toward the object (like the cube shown in the diagram). 
this beam strikes the object, it reflects in many directions. 

The other part of the laser beam (reference beam) hits a mirror, which redirects it toward the 

Both beams (object and reference beam) meet at the photographic plate.
They interfere with each other, forming an interference pattern. 
This pattern looks like random stripes or ripples but actually holds full 3D information.

age is viewed again from the hologram. 
To see the hologram, a reconstruction beam (usually the same type of laser used before) shines 

The reconstruction beam interacts with the interference pattern.
deflects the light to recreate the original object beam wavefronts. 

The viewer’s eyes receive the reconstructed wavefronts.
lected from the original object, the viewer sees a virtual 3D image of the 

The object appears to float in space, even though it isn’t physically there.
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. ALGORITHMS IN HOLO

Recording algorithms: Simulate interference patterns between the object and reference wave.
and to create syenthetic holograms for AR/VR.

D images from a recorded 

generate holograms through mathematical computations
Used for making synthetic holograms in hybrid 

This algorithms creates holograms 
(SLMs). 

This algorithm is used to modulate only the phase information 
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CGH created using numerical simulations—no ph
make Holographic Optical Elements(HOE) for scanning, splitting, focusing and as 
controlling laser light in many optical devices.  
Hybrid holograms are combination of both reflection hologram and transm
hologram.It produces more accurate and flexible 3
combination of any two holograms. It aloows physical recording of holograms using 

reconstructed using algorithms, sensors or Spatial Light Modulators(SLMs).

. EXPERIMENTAL SETUP 

Coherent Light Beam (Laser Source):The process starts with a coherent light beam, usually from a laser. Coherent light 
means all light waves move together, which is important for creating interference patterns.

The illumination beam goes toward the object (like the cube shown in the diagram). 
 

The other part of the laser beam (reference beam) hits a mirror, which redirects it toward the 

rence beam) meet at the photographic plate.

This pattern looks like random stripes or ripples but actually holds full 3D information.

To see the hologram, a reconstruction beam (usually the same type of laser used before) shines 

with the interference pattern.
 

The viewer’s eyes receive the reconstructed wavefronts.
lected from the original object, the viewer sees a virtual 3D image of the 

The object appears to float in space, even though it isn’t physically there.

and reconstructing
. ALGORITHMS IN HOLOGRAPHY

the object and reference wave.
and to create syenthetic holograms for AR/VR. 

D images from a recorded digital hologram. This algorithm typically uses 

generate holograms through mathematical computations
Used for making synthetic holograms in hybrid optical

This algorithms creates holograms based on

This algorithm is used to modulate only the phase information 
It is mostly used to convert a complex hologram into a hologram where only phase is encoded.
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no physical object needed.It is used to 
make Holographic Optical Elements(HOE) for scanning, splitting, focusing and as 

Hybrid holograms are combination of both reflection hologram and transm
hologram.It produces more accurate and flexible 3-D visualizations as it as a 

It aloows physical recording of holograms using 
reconstructed using algorithms, sensors or Spatial Light Modulators(SLMs).

Coherent Light Beam (Laser Source):The process starts with a coherent light beam, usually from a laser. Coherent light 
interference patterns. 

The illumination beam goes toward the object (like the cube shown in the diagram). 

The other part of the laser beam (reference beam) hits a mirror, which redirects it toward the 

rence beam) meet at the photographic plate.

This pattern looks like random stripes or ripples but actually holds full 3D information. 

To see the hologram, a reconstruction beam (usually the same type of laser used before) shines 

with the interference pattern.

The viewer’s eyes receive the reconstructed wavefronts. 
lected from the original object, the viewer sees a virtual 3D image of the 

The object appears to float in space, even though it isn’t physically there. 

structing process 
GRAPHY 

the object and reference wave.

digital hologram. This algorithm typically uses 

generate holograms through mathematical computations
optical-digital holography.
based on Fourier optics

This algorithm is used to modulate only the phase information in many hybrid systems and not 
a hologram where only phase is encoded.
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The illumination beam goes toward the object (like the cube shown in the diagram). 
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rence beam) meet at the photographic plate.

To see the hologram, a reconstruction beam (usually the same type of laser used before) shines 

with the interference pattern. The hologram bends and 

lected from the original object, the viewer sees a virtual 3D image of the 

the object and reference wave. Used when the object 

digital hologram. This algorithm typically uses 

generate holograms through mathematical computations. No physical object or 
digital holography. 

Fourier optics. It is often used for 

in many hybrid systems and not 
a hologram where only phase is encoded.
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• Error diffusion algorithms: It is used for converting high-resolution holograms into lower-bit formats, such as 1-bit or 
2-bit, especially for low-cost displays. It distributes quantization errors to the neighborhood pixels. 

• Random phase methods: It is used to improve the quality of hologram and reduce some of the reconstruction 
artifacts. It avoids overlapping of diffraction orders and results in increased depth uniformity. 

 

5. ANALYSIS AND DISCUSSION 
Holography captures extremely fine detail because it records the entire wavefront. Its quality depends on the coherence 
of the laser, precision in alignment, the sensitivity of the recording medium, and the accuracy of digital reconstruction. 
Digital holography allows multi-layer imaging, real-time analysis, and automated processing. It plays a major role in 
engineering diagnostics, biological imaging, and advanced display technologies. 

6. APPLICATIONS, ADVANTAGES AND LIMITATIONS 
Here are several refined, title-ready options specifically focused on Applications, Advantages, and Limitations in Brain–
Computer Interfaces (BCI). 
 

Advantages Limitations Applications 
Produces highly realistic 3D images. Needs a stable, vibration-free 

environment. 
Medical: Imaging tissues and cells, surgical 
planning. 

Allows extremely high data storage 
capacity. 

Laser equipment is expensive. 
 

Engineering: Detecting cracks, 
monitoring vibrations, structural analysis. 

Non-contact and safe for sensitive 
samples. 

Requires precise optical 
alignment. 

AR/VR: Holographic displays, realistic 
simulations. 

Works for both microscopic and 
macroscopic detail. 

Real-time systems need powerful 
computation. 

Defense: Target  identification, remote 
sensing. 

Real-time viewing possible with digital 
systems. 

Digital holograms can be affected 
by noise. 

Data Storage: High-density holographic 
memory. 

7. CONCLUSION 
Holography stands out because it can record and rebuild complete light information. With progress in laser systems, digital 
computation, and AI, this field is becoming more practical and powerful. It has strong applications in engineering, medicine, 
entertainment, and communication, and it will continue to grow in the coming years. It will be easier for present your 
ideas through holography in more better way and also in the medical field to explain everything in an more efficient way. 
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