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Abstract - With the development of digital holography, the demand for holographic content has increased. Content 

creators apply their knowledge to the new medium but face the challenges of unknown technology. This study develops a 

novel test chart for the process of digital hologram creation using the context of stereoscopic image production. The 

development of a holographic test image is specially designed to illustrate some of the principal characteristics of digital 

holograms. Analogies are derived from the content creation principles of other types of digital stereograms, such as 3D 

cinema and multiview images. The objective of this study is to create a reference test chart as a sample for artistic and 

technological evaluation. This research aims to improve content creation for digital holograms. The increased quality of 

hologram content can eventually contribute to the wide acceptance and success of the technology. 
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1. Introduction 
Many new visualization methods are referred to as 

holograms, such as the overlaid 3D objects in an 

augmented relative head-mounted display (HMD)  [1], [2]  

or the reflection of a pepper's ghost effect in entertainment 

venues [3]. For disambiguation, this study only focuses on 

the type of hologram images representing light fields based 

on wavefronts, as described in the method of its inventor 

Denis Gabor [4] and practically applied with lasers by Yuri 

Denisyuk  [5]. New methods have been developed to 

create digital holograms based on images from multiple 

viewpoints to overcome the limitations in light-field 

capturing restricted to analogue objects. The pixels of 

these multiple points of view are decomposed, regrouped 

into large arrays, and recorded using digital holographic 

printers [6]. Consequently, almost any type of content can 

be visualized using the digital content creation process. 

These results are astonishing, and the latest generation of 

hologram printers can reach the field of view and 

resolution of analogue holograms [7]. However, since 

digital holograms are based on a multitude of viewpoints 

rather than an entire light field, some particular differences 

exist that must be addressed in the content creation 

process. This applies to hologram creation from images 

acquired by real cameras or rendered by virtual cameras 

using computer-generated imagery (CGI). The literature 

describes in detail the technical progress of digital 

hologram creation based on Hogels [6]. Research rarely 

addresses the constraints and challenges in digital 

hologram creation from the content creators' point of view. 

The novel approach of this paper is to view digital 

hologram content creation in the context of stereoscopy. 

Observing a digital hologram can be compared to watching 

different points of view of similar 3D display devices, such 

as lenticular or parallax barrier displays HMD, 3DTV, or 

3D cinema [8], [9]. The last three display types have been 

the subject of our recent research on stereoscopy in virtual 

reality. [10] This paper extends and applies a similar 

approach to digital holography. 

The visualization, as mentioned above, methods are 

based on the observer watching two distinct images 

simultaneously—one for the right eye and the other for the 

left eye. Even with multiple degrees of freedom [11] and 

without the aid of glasses, stereoscopic vision creates the 

impression of watching a 3D object. Therefore, 

stereoscopic vision principles can be applied. During the 

creation process, they create appealing content and avoid 

artefacts or even eye strain on the viewer [12]. 

The technical process for creating multiple-view images 

involves several parameters. This study addresses and 

identifies the essential characteristics of binocular vision. 

1.1. Image Plane 

Stereoscopic, lenticular, and digital holographic 

images are transplanar [13], which means that their image 

plane surface is invisible as opposed to planar images, 

such as paintings and photographs, which have a clearly 

identifiable surface and the image plane. However, even if 

the image plane is invisible, the image objects can be 

positioned at different depth levels inside the holographic 

image. When image points appear at the level of the image 

surface, the viewer sees zero parallax between the points 

on an image pair. Identifying the image planer during 

image creation is essential for adequately positioning the 

content inside the hologram. 

1.2. Frontmost Plane 

While creating and displaying 3D images, the space in 

front of the image plane is a very important parameter. 

Constraints resulting from the hologram printing method 

can enhance or reduce the number of distant objects that 

can emerge from the image screen. In stereoscopy, this is 

commonly referred to as a negative parallax. The effect 
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can vary significantly with the viewer's distance and 

viewing angles. It is a unique and popular feature of 3D 

movies and holograms [14]. 

 

1.3. Background Plane 

Symmetrically to the limiting parameters in the front 

plane of digital holograms, constraints are to be considered 

for the backplane. This parameter can significantly cause 

discomfort and eye strain in the 3D cinema if not 

adequately controlled. Smaller displays also face 

constraints owing to the eyes' technical features and human 

physiology [26]. Therefore, identifying the background 

plane is essential for creating a comfortable viewing 

experience. 

1.4. Identification of Viewpoints 

Human factors in stereoscopy have been subject to 

extensive research [16]. Average adult humans have a 

constant interpupillary distance of approximately 6.3 cm 

[17]. However, cameras do not necessarily correspond to 

the eyes during creation, and different parameters can be 

used. It is common practice in 3D cinema to shoot with 

smaller interaxial and anticipate the magnification of a 

large projection, which can be responsible for divergence 

and, as a result, eye strain for the audience. [18]  

In addition, the interaxial distance can be responsible 

for the perceived scale of 3D objects. Exaggerated 

interaxial distances can result in dwarfism, while reduced 

interaxial distances can make an object seem larger than in 

reality [19]. When watching a hologram, the content 

distance and viewing angle can also influence the 

viewpoint [20]. Figure 1 shows several viewing situations 

and their sizes. Figures 1a) and 1b) show the viewing of 

different-sized digital holograms from the same distance. 

Figures 1b) and 1c) show the different viewing angles 

when viewing different-sized digital holograms from the 

same distance. 

Therefore, anticipating and defining the viewing 

environment is crucial in the creation process of content 

for digital holograms. 

 

 

 
Fig. 1 Viewing situations 

 
Fig. 2 Stereoscopic test image for 3D cinema 

These parameters' optimal values and settings must be 

determined through practical experimentation. This study 

proposes developing and implementing a test chart for 

digital holographic content to identify and evaluate the 

parameters in a specific hologram. 

 

The following section describes the tools and methods 

used to produce the digital hologram reference test chart. 

 

2. Materials and Methods 
Creating a reference test chart is common practice 

when evaluating new recording or display devices. Figure 

2 shows an example of a stereoscopic test chart with two 

images used for commercial advertising production for a 

large 3D cinema venue. The purpose of the test content 

was to explore the optimum values for content creation and 

to create a safe technical framework for holographic 

content creation. 

 

Test charts can be created with many tools, from real 

camera images or calculated images using CGI. 

This study's primary tool for creating holographic test 

images was a 3D animation programme.  

 
Fig. 3 Scene with hologram frame and camera 
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Table 1. Scene Parameter Settings 

Parameter Description Value 

w hologram width 30 cm 

h hologram height 40 cm 

r camera distance 1 m 

alpha hologram viewing angle 120° 

phi horizontal field of view 22.6° 

C Convergence Axis origin 

n number of viewpoints 768 

 

A computer program provided the greatest precision and 

greater control of all parameters. This research used the 

free and open-source 3D modelling and animation 

software Blender [21]. The methods and tools used to 

create a holographic sample scene are described in the 

following subsections. 

2.1. Scene Creation 

In the first step, software was created to create a unified 

and normalized space. Figure 2 shows the schema of the 

principal elements of the 3D test scene. The following 

subsections describe the functions and values of these 

elements. 

2.1.1. Image Plane 

An image plane is an imaginary plane. The plane 

represents the plane at the centre of the resulting hologram; 

its width and height are defined by w and h, respectively. 

This plane is divided vertically by axis C. To simplify 

positioning in the scene, this axis crosses the origin of the 

coordinate system at the centre of the scene. A virtual 

camera is created to create a zero parallax for all pixels on 

axis C. The camera is set to have a field of view matching 

the height of the hologram frame. The virtual camera is 

positioned at a distance r from the centre of C. The camera 

is constrained to rotate around axis C with radius r on an 

arc defined by angle alpha. The maximum field of view 

determines the alpha that the hologram can reproduce and 

is a technical specification of the printer. 

 

Table 1 lists the parameters used in the setup. The 

width and height of the hologram are determined by the 

dimensions of the physical hologram plate used in the 

printer. Different sizes are available. To create an 

orthoscopic image, the camera distance should coincide 

with the hologram viewer distance [22]. The field of view 

is a constraint that matches the size of the hologram frame 

in a 3D scene. 

2.1.2. Frontmost Plane 

In stereoscopy, negative parallax indicates the extent 

to which a point or object is positioned in front of a screen 

plane. This difference in perspective creates the effect of 

objects coming out of the screen. In stereoscopic 3D 

images, the viewer always views two images. These two 

images are generally the same regardless of the viewer's 

position and follow the viewer's angle. The stereograms of 

hologram images behave differently. Since the perceived 

image pair for the left and right eyes changes with the 

viewer's position, the most extreme viewing angle limits 

the maximum negative parallax and the space available in 

front of the hologram. Figure 4 shows two points of view 

from the top. From viewpoint P1, one can see maximum 

negative parallax M1, while from viewpoint P2, one can 

see maximum negative parallax M2; the closer the 

viewpoint is to the hologram plane, the more it will be 

occluded by the opposite border and end of the image. In 

an extreme case, parts of the image can be visible to one 

eye and partially cut off in the other eye. In stereoscopy, 

this is referred to as window violation and can cause 

discomfort to the viewer [23]. 

2.1.3. Background Plane 

The background plane requires particular attention for 

the creation of digital holograms. In 3D cinema, this is 

often referred to as the background plane or far point. At 

infinity, far objects are seen by the viewer with eyes in 

parallel. Large magnifications can exaggerate the disparity 

on the screen and cause divergence in the eyes of the 

viewer. This occurrence is less likely on smaller screens, 

such as 3D televisions or holograms of similar sizes or 

less. These displays and images are generally observed at 

much closer distances [24]. 

Consequently, the viewer is not expecting to see 

infinity in the image of the size of a postcard. Seeing 

infinity with eyes in parallel would require a parallax of 

approximately 6.3 cm, which could exceed the size of the 

image itself. Stereovision is not equal to natural vision. 

This is because the Focus plane and convergence on an 

object are dissociated. The discomfort caused by the 

dissociation of vergence from accommodation increases 

the closeness of the image to the viewer [26]. Therefore, 

the maximum depth is not limited to infinity but the 

maximum tolerance of discomfort due to the vergence-

accommodation conflict. The acceptable disparity must lie 

within the comfort zone, which increases as the image 

moves further from the viewer. 

Figure 5 sketches three different viewing situations for 

far-away objects. Figure 5a) shows an oversized 

magnification of infinity, causing the viewer to diverge. 

This unnatural viewing experience can be responsible for 

pain and eye strain. Figure 5b) shows an object very far 

behind the image plane. The large difference between 

accommodation on the image plane and vergence far 

behind the image is beyond the comfort zone. Figure 5c) 

shows an image point behind the image plane. The point 

lies within the comfort zone and creates a comfortable 

viewing experience. 

 

Fig. 4 Negative parallax at two viewpoints 
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Fig. 5 Viewing situations for far-away objects 

 

To practical experiment with the occurrence and level 

of discomfort in the background, several objects are placed 

in the 3D scene: a far-textured tube surrounds the image at 

one metre. The columns and colour charts represent 

precise distances regarding the origin. Lines of 0.5 and 

0.25 text indicate distances of 50 cm and 25 cm behind the 

image plane, respectively. The further objects and their 

distances are listed in Table 2. 

2.1.4. Identification of Viewpoints 

The number of viewpoints for the perspective images 

shown in Table 1 corresponds to the spatial resolution 

provided by the hologram printer. Viewpoint identification 

is achieved by embedding a frame number inside each 

rendered perspective image. Figure 6 shows the numbers 

on the image plane with a high-contrast background. In the 

test image, the viewer should see two distinct images and 

observe a stereoscopic image. The pair of images the 

viewer sees depends on the viewing angle and the distance 

from the hologram image plane. Figure 1 illustrates the 

different viewing positions that result in different 

stereoscopic image pairs. 

 

2.2. Rendering and Export 

The final scene composition contains additional 

elements, such as colour charts, to verify the referenced 

colours and exposure. A head model is often used in 

reference charts to visualize skint textures and colours. 

Hair details can indicate the image results in a printed 

hologram. The floor was created as a chequerboard with 

10 cm × 10 cm tiles. Additional objects scanned with 

photogrammetry were placed 20 and 30 cm behind the 

image plane. Table 2 summarises the distances in the 

reference hologram images.  

Table 2. Reference objects and distances 

Object Distance 

head centre 0 cm origin 

numbers 0 cm origin 

doll left 30 cm 

doll right 20 cm 

0.25 text 25 cm 

0.5 text 50 cm 

1 text 100 cm 

centre colour chart 50 cm 

centre columns 100 cm 

 

 
a) 

 
b) 

Fig. 6  3D scene view: a) objects and b) with shader 

 

     
Fig. 7 Five sample viewpoints 
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The complete scene is recorded by one camera 

following a 1-m constraint with a target on the origin. A 

total viewing angle of 120° was achieved by an animation 

which rotated the camera from -60° to +60° on the 

horizontal plane. Figure 6 shows the complete scene setup. 

 

3. Results and Discussion   
The result of the method described in the previous 

section can be compared to a novel sample data set for 

digital holography. It is an image sequence of 768 

horizontal pictures in a portable network graphics file 

format (PNG) with 16 bits for the red, green, and blue 

channels. These represent the perspective views required 

to calculate the hogels to print a half-parallax hologram 

[25]. Figure 7 shows an excerpt of five images with 

viewing angles ranging from left to right. The image 

sequence number appeared at the bottom of the image. 

The sequence of perspective images allows for 

creating of digital holograms of different sizes and viewing 

distances. The printed holograms can be evaluated. The 

test image allows for practical observation and 

understanding of the available space for holographic 

hologram creation. The principal features of holographic 

test charts are based on human physiology and 

stereographic parameters. 

• Identification of the Image Plane 

• Identification of the frontmost plane for a given 

viewing angle 

• Identification of background plane for a given 

size and viewing distance 

 

The test image for digital holograms allows for 

evaluating the represented space. Difficulties observed in 

the foreground or background can be easily identified 

using precise metrics used for the parameters. A test chart 

can be used to determine the optimum viewing conditions 

and hologram size. It can also help evaluate the technical 

quality of the hologram printing process.  

The goal of creating a reference environment for the 

experimental evaluation of the principal stereoscopic 

parameters inside a digital hologram has been achieved. 

Evaluation and measurement of the same content 

printed on different hologram plates using different 

technologies and parameters can be part of future research.  

 

4. Conclusion 
Significant progress in holographic printing represents 

a breakthrough in creating digital holograms. The present 

study introduces a novel test image system for content 

creation for digital holography based on stereoscopic 

content creation. This test image can be compared to a 

sample data set for digital holography. This permits not 

only to assess a digital hologram printing technology but 

also to compare one technology with another. Given the 

technical features of holographic printers and the specific 

viewer positions of the observer, knowledge of the 

available image space is crucial for successfully creating 

holographic content. As in stereoscopic content, creators 

need to observe human physiognomy to avoid irritation or 

discomfort when viewing the image.  

This study proposes a test chart with clear parameters 

for developing holographic test images. The results allow 

content creators and holographic printers to assess the 

quality of the content and technology. This research aims 

to enable content creators to gain greater control over the 

creation process, improve the understanding of digital 

holograms, and increase the field of applications and 

propagation of holographic technology. 
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