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3D optical illusion as visualisation 
tools in spatial planning 
and development
Rafał Kaźmierczak  1 & Agnieszka Szczepańska  2*

Spatial planning and development use various visualisation methods. Technological advancements in 
visualisation techniques have allowed imaging to shift from 2 to 3D dimensions. 3D optical illusion, 
which converts information recorded in the digital form into a three-dimensional presentation, can 
be a new tool for presenting spatial development solutions. Since a optical illusion is a direct spatial 
presentation, it requires neither specialist preparation nor spatial imagination. For this reason, it can 
become an effective means of visual communication with the public in the area of spatial planning 
and development. This article shows an example of the imaging of a model element of spatial 
development (a building) using the 3D illusion technique. Collected opinions of the test group of 
viewers confirm the usefulness of this tool. The presented 3D visualisation effect evoked positive 
reactions among the viewers. The use of the hologram technique in spatial planning and development 
appears to be justified and is an interesting research trend.

Design solutions for future spatial development, contained in planning documents, are presented in a graphical 
form along with a supplementary description. The conceptualisation of spatial development forms as spatial 
images is an integral part of spatial planning. The graphical form of these documents has been evolving strongly 
over recent years, shifting from 2 to 3D. Technological advancements in visualisation techniques have been 
reflected in different forms of presenting design solutions. This is very important from the point of view of both 
an average viewer of planning documents and the local lawmakers, who find the classic ways of presentation 
difficult to receive. Not only does this apply to the final version of these documents but also to their drafts made 
available to the public as part of the public consultation process. Specialist terminology and designations are 
hardly comprehensible, and the future functions and guidelines for spatial development methods are difficult 
to imagine. This is undoubtedly influenced by the perceptual limitations arising from both the lack of specialist 
training in urban planning and architecture and the underdeveloped spatial imagination. This leads to the so-
called “paradox of participation”, which is defined by Ref.1, p. 125 as follows: “In early planning phases, when there 
is still sufficient room for decision-making, only a few citizens participate, while in late phases, when decisions 
can usually only be revised at great expense, a high level of public participation can be observed”. The reasons 
for this situation are attributed to the lack of clarity and the absence of concern due to a high level of abstraction.

Spatial planning is one of the areas that use the visualisation of spatial information. Difficulties with assimi-
lating the content of planning documents and properly understanding them can affect the involvement in the 
public consultation process which, consequently, has an effect on the way the surrounding space is developed 
and the resulting spatial order, and ultimately on the quality of life. It is therefore very important to present 
design concepts, proposed spatial solutions and the ways of spatial development in a clear and comprehensible 
manner so that they can be interpreted correctly and unambiguously. The ease of reception of this information 
can translate into the quality of local legislation, the quality of planning documents and greater involvement in 
the planning process.

3D optical illusion which converts information recorded in a digital form into a three-dimensional pres-
entation, can be a new tool for solving the problem of planning solution presentation clarity. This publication 
discusses and illustrates the possibilities of using this method for imaging the future state of spatial development. 
The article aims to show that 3D optical illusion presents spatial development elements in a manner that is clear 
and easy to receive directly. The model case presented in the article concerns a single-family residential building. 
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The authors theorise that this method of visualisation of the spatial development elements allows viewers to 
make a quick and unambiguous interpretation, which may consequently translate into the rationalisation of 
future decisions. To verify this thesis, the opinions of the test group were collected to evaluate image perception 
in particular 3D illusion techniques. This enabled the identification of the advantages and disadvantages of the 
proposed tool and the most beneficial solutions from the viewer’s perspective.

Literature review
Spatial imagination.  Spatial thinking is indispensable in everyday life because space is a fundamental cat-
egory of thought2, and spatial thinking plays a deep role in many aspects of human cognition. Spatial knowledge, 
spatial perception and spatial imagination play a crucial role in solving even the most ordinary, everyday issues3. 
The ability to think in images, to perceive the visible world accurately, and to reproduce it in the mind, is called 
spatial intelligence (one of the seven various types of intelligence)4–6.

Imagination is a mental process that enables the processing of imagery. As a rule, the division of imagery 
refers to the senses, e.g. auditory, visual and kinesthetic imaginations are distinguished on this basis7. Although 
imagery can relate to any sensual modality, visual imagery is much more common, as sight provides up to 90% 
of all sensations. This is why the characterisation of imagination in terms of imaginative operation forms refers 
most often to visual imagination, including spatial imagination8.

Spatial imagination is understood as the ability to create, in the mind, an image or a geometrical object that 
is consistent with its actual shape and location9. In a broader sense, spatial imagination is defined as “the ability 
that combines the ability to think innovatively to find new solutions with the ability to link the existing facts and 
phenomena”10, p. 30, while in a narrower (technical) sense, as “the ability to mentally manipulate, rotate, twist, 
or invert pictorially presented stimulus objects”11, p. 893. Spatial visualisation ability is also defined as a subset 
of spatial ability—one of the factors of human intelligence structure12, p. 1. A person can be said to have spatial 
imagination when he/she is able, based on a picture, model, or a description, to imagine, analyse and describe the 
shape and location of geometric objects9. However, this is not an ability that everybody has. Spatial imagination is 
an individual characteristic determined by many factors, e.g. cognitive development, spatial experiences, gender 
and aptitude12. Researchers dealing with this issue agree on the differentiation of imaginative functions depend-
ing on gender and educational profile. According to research, men have a better developed spatial imagination 
than women13. Dependence on the educational profile is also indicated, as technical education has an advantage 
over education in humanities in this respect. The male model is characterised in this regard by visual and spatial 
abilities, good manipulation of objects in space and efficient spatial thinking14.

Why is spatial imagination so important? In the case of spatial planning and development, it is primarily the 
visual senses that are incorporated into the imaginative process, and the reception of visual stimuli results in 
experiencing such sensations as a colour, size, or shape15. Graphics is a tool used to convey engineering infor-
mation, including in spatial and space-representing references. In spatial planning, information concerning a 
future spatial development (3D) is most often provided by means of visualisation on a plane (2D), supplemented 
with a description. Therefore, the viewer, when receiving and processing this information, must refer to spatial 
imagination. Since not everybody has this ability equally developed, only physical spatial models and modern 
forms of graphic presentations, including 3D illusion images, require no involvement of spatial imagination as 
they are themselves a spatial presentation16—virtual environments which are perceptually “real” even though the 
observer knows they are unreal17. The vision presented in this way is the most important for any kind of under-
standing of space18, because “..good storytelling can help to clarify the implications of different alternatives, and 
to build consensus by presenting particular desired or feared future developments in terms meaningful enough 
to be credible to non-specialists”19, p. 1353.

Modern visualisation methods.  It is our eyes and the brain that are responsible for spatial vision. Each 
eye sees images from a different angle, and the brain integrates them so that we interpret the image we see as spa-
tial. On this basis, the cerebral cortex generates one image in three dimensions. A three-dimensional (3D) image, 
commonly referred to as an image with a depth, allows us to spatially locate the objects we can see. A completely 
different situation occurs when we are looking at a flat monitor screen, a sheet of paper, or a photograph, as our 
brain knows that these images are two-dimensional (2D) and flat. Solutions to allow our senses to be deceived 
have been developed for many years.

Based on our knowledge of the mechanics of sight, we are able to deceive the eyes and the brain, which results 
in our perception of flat images as three-dimensional. In order to achieve a three-dimensional effect based on 
a flat view, a different image must be provided to each eye. Most 3D technologies are based on this assumption. 
Two basic paths can be distinguished in them, namely, learning how to see spatially with the help of images 
generated in a special way or using specialised glasses for this purpose20.

Since a realistic 3D presentation is much more appealing to amateurs21, new solutions are being sought in 
this regard. Therefore, with the development of computer visualisation techniques, they are being incorporated 
into the process of drawing up planning documents. This has resulted in the emergence of a new form of spa-
tial planning, referred to as e-planning using e-participation22. This concerns augmented reality—AR23–31 and 
virtual reality—VR32–41. These techniques are increasingly used in planning work to visualise the future states 
of spatial development. They are used to present various options of the transformations occurring in the space 
as part of public consultations. Another tool that can be used for this purpose is a 3D visualization colloquially 
called hologram42.

The definition of holography as a field of science and technology is widely known and most successfully 
reflected in the state standard of Russia43, which states that “holography is a branch of science and technology 
that studies the processes of recording, processing and reproducing information contained in in the parameters 
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of physically realizable or mathematically described waves, using the phenomena of interference and diffraction 
of optical reference and object waves, as well as the possibility of practical application of these processes”. Only 
interference registration and diffraction recovery processes give the physical effect that Dennis Gabor called 
holography (full recording)44. The same was confirmed by the work of other founders of this science—Denisyuk45 
and Leith and Upatnieks46. Lee et al.47, p. 10 defined a hologram as “an optical technology that records and 
reconstructs wavefronts of light analogously or digitally, and has exhibited potential for use in next‐generation 
imaging technology with various applications such as three‐dimensional holographic imaging and optical data 
storage”. Holographic technology allows to restore a wavefront that repeats the wavefront scattered by an object, 
with an accuracy of up to a wavelength, which cannot be obtained by any of the other methods of restoring 3D 
images. That is why holography is the basis of such a uniquely accurate measurement method as holographic 
interferometry. It is the ability to restore an image with an accuracy of fractions of a wavelength that is a unique 
property of holographic technologies, which can also be used to restore 3D images, which for the most part do 
not require such accuracy and can be restored by other methods.

From the point of view of these studies, the properties of the hologram are important: “holograms can repro-
duce very realistic three-dimensional (3D) images that satisfy all depth cues in the 3D perception of human 
vision without any special observation devices”48, p. 9087 and “holographic 3D display is thought to be the “holy 
grail” of 3D display technology because it is able to present truthfully a virtual window of a 3D real-world scene 
with all characteristics of real-world objects”49, p. 508. Because the hologram gives the possibility of creating 
the viewing environment conforming to a natural viewing condition50 the name hologram has been adapted to 
some 3D visualization optical illusion and now the “errors” in the language are embedded in society42. There-
fore, in the common understanding of holography is best known as a method of generating three-dimensional 
images. Both hologram technique and 3D optical illusion (commonly known as a hologram) are applied inter 
alia in education51–54; medicine55–58, biotechnological sciences and industry59–61, marketing62–65, microscopy66,67, 
protection equipment68,69, and holographic cinema, television70.

The development of modern technologies is the result of another technological transformation. The world 
is shifting from an analogue economy to industry 4.0. This term describes the technological and organisational 
transformation of companies which, thanks to new technologies, inter alia digitise their products and services. 
The main idea behind industry 4.0 involves integrating people, information technologies and digitally controlled 
machines through the Internet. The ongoing changes are possible thanks to artificial intelligence algorithms, 
the Internet of Things (IoT), the 5G networks under construction, or, in the future, 6G networks. It is the IoT 
that ensures the efficient flow of information and enables further dynamic development of new technologies 
based, inter alia, in virtual reality (VR) and augmented reality (AR), which allows the definition of the Internet 
of Senses (IoS) to be introduced. It is full automation that allows technology to interact with other senses of 
sight, hearing, taste and touch71.

The vision of the Internet of Senses is starting to come to fruition. One of its necessary steps is the generation 
of digital twins. The concept of a digital twin involves creating a virtual copy of a physical object and updating 
it in real-time. A digital twin is an exact representation of the features and behaviour of a physical object or a 
process72. The concept of digital twins can find its application in spatial planning. In addition to virtual real-
ity and augmented reality, it is 3D optical illusion that can also be used for the visualisation of digital spatial 
development models.

Methodology
To demonstrate the possibility of using 3D optical illusion to present the future condition of spatial development 
elements, the visualisation of a single-family residential building was performed using a variety of 3D illusion 
techniques. The results of 3D visualization were presented using different techniques and 25 students were asked 
to evaluate them.

Below, the basic phenomena related to the principles of operation of solutions available on the advertising 
market under the following colloquially names hologram: holographic pyramid, polarising filters and applied 
LED hologram, are described. The holographic pyramid and the LED hologram are based primarily on the 
optical illusion of the observer.

The portion of electromagnetic radiation perceived by the retina of the human eye is commonly referred 
to as light, and the science that studies this issue is called optics. The concept of a light ray is a fundamental 
concept related to geometrical optics and is explained as a very narrow beam of light. The most important physi-
cal phenomena related to light include diffraction, fluorescence, phosphorescence, interference, luminescence, 
reflection, wave polarisation, rectilinear propagation of waves, light scattering, dispersion, sonoluminescence, 
colour temperature, stereoscopic vision, colour rendering index, refraction and the photoelectric effect. As 
regards the principle of optical illusion operation, the most important is the theorem of rectilinear propagation 
of light, which describes the general principle of the direction of light propagation, light reflection and refraction, 
and its polarisation73. The first of the above-mentioned physical phenomena is primarily used for visualisations 
based, for example, on special pyramids that reflect the projected image. The physical phenomenon of polarisa-
tion also finds application in the practical use of polarising filters designed to absorb polarised light. Polarising 
filters are most commonly used in sunglasses. As far as holograms are concerned, such filters enable stereoscopic 
projections. By putting on special glasses with polarising filters, an effect of spatial immersion is obtained. The 
final technique uses a propeller rotating faster than the human eye can see, which enables the creation of a 3D 
image floating in the air.

Holographic pyramid.  The principle of displaying an object using a pyramid colloquially named holo-
graphic is very simple and based on the laws described in the previous section. The main components of the 
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pyramid include a projection screen (which can be mounted above the pyramid) and the pyramid itself, which 
is constructed from a thin transparent material (preferably 1 mm thick PET plastic). A logic diagram of the 
principle of pyramid operation is shown in Fig. 1.

When using the laws related to the virtual image formation in a plane mirror to construct the pyramid, a 
virtual, simple image of the same size is obtained. This is possible due to the fact that the mirror surface is per-
fectly flat and the rays of light incident on it also remain parallel after reflection. A virtual image is formed when 
the extensions of reflected rays intersect. This is why a faithfully represented image is obtained in a mirror. This 
phenomenon is illustrated in Fig. 1 in part ‘b’.

When creating a holographic pyramid, it should be noted that:

–	 The material used to construct the pyramid should be approx. 1 mm thick, as too thick a material will result in 
a double view. On a thick wall, a ray of light is subject to double refraction, which results in a blurred image.

–	 The inclination of the pyramid walls in relation to the projection screen must be the same. Different angles 
can make the object being displayed smaller or larger.

Polarising filters/3D glasses.  Anaglyph glasses use the oldest technique that allows a three-dimensional 
effect to be obtained. In this technique, a different image is delivered to each eye. Two superimposed images 
in two different colours (red and blue), slightly offset from each other, are generated on the monitor screen 
(Fig. 2a). The glasses have appropriately coloured lenses, one is red and the other blue. Each lens of the glasses 
blocks out blue or red light rays, and, thanks to this procedure, after putting the glasses on, each eye sees a differ-
ent photograph, which gives an impression of depth. Without the anaglyph glasses put on, an anaglyph photo-
graph looks like a blurred image. The limitation of this technique is the limited colour scheme74,75.

Another example of the glasses are passive 3D glasses. The principle of their operation is based on polarisation 
stereoscopy. In this case, two different images are delivered to the eyes as well but using a completely different 
method. In order to generate the three-dimensional effect, special monitors or two still projectors with polaris-
ing filters with the light polarisation directions perpendicular to each other are used (Fig. 2b). As a result, two 
horizontally positioned lines are polarised clockwise and anti-clockwise. The user’s glasses also have polarising 

Figure 1.   Components of a holographic pyramid (a) and the principle of virtual image formation in a plane 
mirror (b). Source own study.

Figure 2.   3D visualisations using the hologram technique: (a) anaglyph, (b) polarising filters, (c) 3D matrix. 
Source own study.
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filters installed, so that the eye receives images of the same resolution, offset from each other. A specially adjusted 
image is delivered to each eye. Using this method, a high-quality image that can also be viewed at different angles 
is obtained76.

A third example of 3D glasses are shutter glasses, also known as active glasses. In order to achieve the depth 
effect, it is necessary to synchronise liquid crystal shutter glasses, a powerful graphics card in a computer and a 
monitor with a high refresh rate (at least 120 Hz). The principle of operation involves displaying two different 
images alternately on the monitor screen at a very high frequency (120 times per second). The use of active glasses 
allows these images to be extracted and delivered individually to each eye. Synchronisation of the glasses with 
the display allows the left and right eye to be alternately dimmed so that the observer believes that he/she can see 
the image in 3D (Fig. 2c). This method produces a very realistic image with no colour limitations.

3D matrices.  One of the possibilities for spatial vision is also the use of special matrices that enable 3D 
vision without the need to wear special glasses. In this case, it is the monitor screen that displays a different image 
to each eye. These are usually autostereoscopic 3D TV sets, either equipped with two LCD matrices or displaying 
half the pixels for one eye and the other half the pixels for another eye. This is a complex technology whose main 
limitation is the small angle of view, and the required short distance between the observer and the monitor77,78.

LED hologram.  The principle of LED hologram operation is based on a rotating arm on which an LED strip 
is placed. Due to the rapid rotation of the arm (Fig. 3a), the human eye can see a complete object being displayed 
(Fig. 3b). Before displaying the object (or an animation with the object), the area of the film being displayed, 
which coincides with the LED strip length, needs to be defined. A part of the image or film being displayed is 
assigned to individual LEDs. A necessary factor for obtaining a 3D effect is the need for the object being dis-
played to move. A limitation of this display method is the correlation of the rotating arm and the positions of 
individual diodes with the animation being displayed. Another major limitation is the range of colours that can 
be displayed, which corresponds to the LED strip colours. In the final outcome, a streaky effect caused by the 
rotation of the hologram arm can be observed.

Statement.  Authors confirm that informed consent was obtained from all survey studies participants. Sur-
vey studies were carried out in accordance with relevant guidelines and regulations, in an anonymous manner 
such that the information cannot be traced back to the individual user. The survey studies were approved by 
Research Ethics Committee.

Results
When using the 3D visualisation technique described above, a single-family house, i.e. an element of spatial 
development, was imaged. The first imaging used the holographic pyramid technique. In order to display a 3D 
image, a visualisation of a single-family house was prepared in the first stage. The visualisation was a film show-
ing the object from the bird’s-eye perspective, with smooth transitions, rotations and different view perspectives. 
In order to display the object correctly, its proportions on the projection screen needed to be correctly selected. 
It should also be remembered that only the object itself should be displayed, preferably against a black or very 
dark background. The removal of background (e.g. the sky) better reveals the advantages of the presented object 
while enhancing the obtained depth effect.

The animation prepared in this way was displayed in four planes pointing with the top towards the centre of 
the monitor, which coincided with the pyramid top. Due to such a visualisation, the wall of the house was vis-
ible on each of the four pyramid walls. In this case, the mutual synchronisation of the four walls being displayed 
was very important, as it allowed the observer, moving around the platform with the holographic pyramid, to 
smoothly observe the object being shown. The results of the holographic pyramid use are provided in Fig. 4.

Another imaging of the same single-family house was prepared using the technology applying 3D glasses. 
To this end, the Holo-SDK environment was used (https://​www.​holo-​sdk.​com/—access on 26-10-2021). This 
is a holographic software development kit (SDK) which is compatible with every laptop and PC. The main 
idea behind the SDK is to display a hologram based on the tools and algorithms that track the viewer’s head 
position. In this way, the generated image is personalised and determined by the observer’s head position. This 

Figure 3.   Diagram of LED hologram operation: (a) LED hologram elements, (b) general operation diagram. 
Source own study.

https://www.holo-sdk.com/
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environment enables the rendering of objects as red-and-blue images for the Anaglyph 3D mode or in the side-
by-side format for both passive and active 3D displays. The Head-tracking 3D function enables real-time tracking 
of the user’s head position and rendering of scenes depending on the viewing angle. The observer obtains a 3D 
effect, and the image changes its positions during the observation. The final effect of the operation of this envi-
ronment is shown in Fig. 5. This solution uses separate colour coding for the left and the right eye. Combinations 
of blue and red are the most common for the anaglyph glasses, and these particular glasses were used. An image 
is displayed for the observer on a standard monitor, and after putting on the glasses, he/she obtains (depending 
on the position of the head) a 3D effect of the object.

Figure 5 shows the effect of head position in relation to the monitor and the resulting view. Leaning the head 
in any direction makes the object lean in the opposite direction. Hence, we obtain the effect of looking into what 
is happening on the side of the object while at the same time looking at the object as if it were a 3D spatial object. 
In addition to using the Anaglyph 3D visualisations, the Holo-SDK environment enables the use of both active 
and passing 3D solutions. In order to operate, these solutions require specialised monitors and glasses, which 
allows the observer’s sensations to be changed.

For the third visualisation of the building, an LED hologram was used. As previously mentioned, the operating 
principle of the device is based on a rotating arm on which an LED strip is placed (Fig. 6a,b). Due to the rapid 
rotation of the arm (Fig. 6e–h), the human eye can see a complete object being displayed (Fig. 6d). Before display-
ing an object or an animation with an object, the area of the film being displayed (which coincided with the LED 
strip length) was defined (Fig. 6c). During one epoch (t0) of image or film display, one square from the image on 
the photograph (Fig. 6d) is assigned to each single LED (Fig. 6i). In this way, knowing the location of the arm 
and the location of a single LED in relation to the image, the appropriate display colour can be assigned to the set 
time (ti) (Fig. 6j–l). The essence of clearly displaying an object is to properly prepare the input file for display. It 
is important to note that the object should be placed in the centre and that the background of the object should 
remain black. Adding motion animation, i.e. rotation and zooming, produces a spatial effect. The observer sees 
the object located in the air, and its motion creates a 3D effect. When an object animation is displayed on single 
LEDs, the assigned view from the animation will change depending on the moment of animation (Fig. 6m–p). 
Figure 6q,r show two photographs for different display times. The photograph captures and shows the location 
of the arm’s movement, but when the image is perceived by the organ of sight, the image is virtually complete.

Discussion and conclusions
In order to examine the trends related to the possibilities of presenting planned spatial solutions using three-
dimensional visualisation, the Web of Science database was analysed with respect to two keywords: Visualisation 
3D and Hologram 3D. In both cases, studies from the period of 1900–2021 were considered. When carrying out 
the literature review, the authors followed the “from the general to the specific” principle. For the term “Visuali-
sation 3D”, there were approx. 26,000 studies in the database, which contained 62,256 keywords, of which 4744 
keywords were accepted for the visualisation presented below (only those that appeared at least five times were 
left). Figure 7 shows the analysis of keywords in filtered studies for the keyword “Visualisation 3D”.

Figure 4.   Visualisation of a single-family house using a 3D holographic pyramid. Source own study.
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The overall analysis shows a strong link between 3D visualisation and simulation, virtual reality (VR), 
and augmented reality (AR). In this area, the most frequently appearing keyword according to the “Total link 
strength” criterion (total link strength attributes indicate, respectively, the number of links on an item with other 
items, and the total strength of the links of an item with other items) was visualisation (Table 1).

In the presented figure, the size of the label shows the greater weight of a keyword in the analysed publica-
tions. The colour of the element is determined by the cluster. The lines between labels correspond to the network 
of relationships, and the distances between the labels inform about the relatedness of the concepts. Detailed 
instructions for graphical interpretation are provided in the VOSviewer Manual79.

A similar compilation was performed for the keyword Hologram 3D. Approx. 2000 studies were analysed. 
All of the analysed studies contained 5129 keywords, of which 419 were selected for visualisation. A general map 
for the keywords is shown in Fig. 8.

In this area, the most common keywords were “digital holography” and “reconstruction” (Table 2).
Taking into account the two conducted analyses of scientific articles, keywords related to spatial planning and 

development as well as real estate appeared in a larger set searched for the keyword “Visualisation 3D” (Table 3). 
In the second dataset (the keyword searched for: “hologram 3D”), no similar keywords related to the area of 
spatial planning and development were found.

The conducted literature review shows that linking a “hologram” to spatial development is still a new issue. 
Descriptions concerning the use of a LED hologram and pyramid hologram for spatial development presentation 
are not found in the literature, and the authors believe that they may prove useful for visualising the proposed 
spatial development. This was confirmed by the feelings of 25 students who were presented the results of visuali-
sation prepared using different 3D visualization techniques and asked to evaluate them. According to them, the 
greatest value of a hologram is the direct, eyewitness observation that provides an immediate idea of the future 
condition of the space and the elements of its development. Until now, most people have associated holograms 
mainly with applications in advertisements and the entertainment industry. The respondents submitted the fol-
lowing opinions and comments:

–	 The reception of each of the selected technologies varied, yet at the same time, each observer stated clearly 
that it was a considerably better form of presentation than the classical 2D forms.

–	 All methods were attractive, with the LED technology-based method being the most highly rated.
–	 This was a completely new visualisation technique for them, not previously encountered in the areas of spatial 

planning and development.
–	 In order to intensify the experience, it was proposed to integrate the image and sound, which, according to 

the respondents, would further change the level of reception (stronger impact on the observer).

Figure 5.   Diagram of Holo-SDK operation from the observer’s perspective. Source own study.



8

Vol:.(1234567890)

Scientific Reports |        (2022) 12:15730  | https://doi.org/10.1038/s41598-022-20173-z

www.nature.com/scientificreports/

It should be stressed that, despite the unambiguously positive reception of the presented technologies, each 
of the described and applied methods for “tricking the mind” has its advantages and disadvantages. A holo-
graphic pyramid requires no additional equipment from the viewer. The size of the device can be regarded as a 
disadvantage, since the larger the pyramid, the larger the resulting image. In order to generate a spatial effect, 
animation in motion should be used, preferably without a background surrounding the object. This significantly 
limits the presentation of the surrounding space. At the same time, it is important to ensure that the hologram 
is positioned in a shaded area, as this will result in better reception of the image.

Similarly, when using an LED hologram, the unwanted elements of the background need to be removed. 
Moreover, to obtain a 3D effect, it is necessary for the object being displayed to be in motion. There are limitations 

Figure 6.   Visualisation of a single-family house in an LED FAN hologram: (a) LED FAN hologram; (b) 
direction of the arm’s rotation; (c) object display area; (d) the object being displayed with a network of squares; 
(e–h) animation of movement depending on the observation epoch; (i–l) object display logic; (m) legend; (n–p) 
single LEDs with different colours displayed; (q,r) different visualisation epochs. Source own study.
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to displaying an object in this case as well. When using a display technology, particular attention should be paid to 
the occupational health and safety (OHS) rules. The observer needs to maintain a safe distance from the rotating 
arm, which results in limitations related to the location of such an LED hologram in a room.

The major advantages of anaglyph glasses include a low price (widespread availability) and their compatibility 
with any display (computer, TV, tablet, smartphone) after the image processing. The disadvantages of this solu-
tion include unnatural colours (with red and turquoise colours showing through) and the somewhat unnatural 
3D effect. Alternatively, relatively inexpensive passive glasses can be used, but they are also characterised by not 
very good visual quality. A good, but the most expensive solution, are active glasses offering the possibility of 
receiving high-resolution images. In addition, these glasses require charging.

Surveys conducted on a group of respondents confirmed that the presented 3D visualisation techniques 
evoked positive emotions. Despite the above-mentioned limitations, it must be underlined that the 3D visu-
alisation effect evokes positive reactions among viewers and, what is very important, that the hologram tech-
nique requires no specialist training or well-developed spatial imagination. This results in a situation where 
everybody can be an active observer. This technique bridges the gap in imaginative capacity between women 
and men, between people with specialist training and laypeople, between people using modern technologies 
and those digitally excluded, etc. In a word, this is a way of 3D visualisation for everybody. It should be noted 
that the technique is still developing and that spatial planning and development must respond to technological 
advancements because future adults may not be able to read 2D visualisations. Given that no specialist train-
ing is required for this presentation method, it can be a very effective means of visual communication with the 

Figure 7.   Analysis of keywords using the VOSviewer program (Holo-SDK 1.0 in Unity, https://​www.​holo-​sdk.​
com/) for the keyword “Visualisation 3D”. Source own study.

Table 1.   The result of a keyword search for “Visualisation 3D”. Source own study.

Keyword Occurrences Total link strength

Visualisation 4481 14,767

Reconstruction 821 3430

3D 791 3101

System 683 2800

Model 624 2360

3D visualisation 1070 2345

Segmentation 550 2245

Virtual reality 878 2202

CT 457 2164

Simulation 652 2075

https://www.holo-sdk.com/
https://www.holo-sdk.com/
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public (rationalisation of decisions through an unambiguous reading of the visualisation, as there is no room 
for interpretation of the presented object).

In conclusion, the use of 3D optical illusion (colloquially called a hologram) in spatial planning and develop-
ment appears to be justified and is an interesting research trend.

Data availability
All data generated or analysed during this study are included in this published article.
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Figure 8.   Analysis of keywords in the VOSviewer program (Holo-SDK 1.0 in Unity, https://​www.​holo-​sdk.​
com/) for the keyword “Hologram 3D”. Source own study.

Table 2.   The result of keyword search for “Hologram 3D”. Source own study.

Keyword Occurrences Total link strength

Digital holography 349 1271

Reconstruction 223 925

Microscopy 160 656

Holography 183 649

System 122 599

Algorithm 83 405

Phase 84 404

Holographic display 91 400

Computer-generated holograms 94 384

Display 90 373

Table 3.   The result of keyword search for “Visualisation 3D” in the context of spatial planning and 
development. Source own study.

Keyword Occurrences Total link strength

Landscape 34 201

Landscape visualisation 21 106

Property 6 23

Planning 23 105

https://www.holo-sdk.com/
https://www.holo-sdk.com/


11

Vol.:(0123456789)

Scientific Reports |        (2022) 12:15730  | https://doi.org/10.1038/s41598-022-20173-z

www.nature.com/scientificreports/

References
	 1.	 Wolf, M., Söbke, H. & Wehking, F. Mixed reality media-enabled public participation in urban planning. In Augmented Reality and 

Virtual Reality (eds Jung, T. et al.) 125–138 (Springer, 2020).
	 2.	 National Research Council & Geographical Sciences Committee. Learning to Think Spatially (National Academies Press, 2005).
	 3.	 Report on The National Science Foundation Research Planning Workshop. http://​www.​princ​eton.​edu/​~jjg/​nsf_​report.​html (1997). 

Accessed  05 May 2022.
	 4.	 Boytchev, P., Chehlarova, T. & Sendova, E. Enhancing spatial imagination of young students by activities in 3D elica applications. 

In 36th Spring Conference of the Union of Bulgarian Mathematicians, 109–119. https://​eprin​ts.​soton.​ac.​uk/​47577/1/​Chris​tou_​
DALEST_​paper_​ICTMT8_​2007.​pdf (2007). Accessed 05 May 2022.

	 5.	 Gardner, H. E. Intelligence Reframed: Multiple Intelligences for the 21st Century (Hachette, 2000).
	 6.	 Gardner, H. Reflections on multiple intelligences: Myths and messages. Phi Delta Kappan 77, 200–200 (1995).
	 7.	 Lacey, S. & Lawson, R. Multisensory Imagery (Springer, 2013).
	 8.	 Iskierka, I. Kształtowanie wyobraźni przestrzennej poprzez modelowanie i animacje 3D. Dydaktyka Inform. 12, 197–202. https://​

doi.​org/​10.​15584/​di.​2017.​12.​23 (2017).
	 9.	 Sroka-Bizoń, E. & Terczyńska, M. Percepcja widzenia–jak kształtować wyobraźnię przestrzenną. In: A Report Presented at the 

Proceedings of 19th Conference Geometry Graphics Computer, 25–27 (2012).
	10.	 Dudzik P., Terczyńska E. & Tytkowski K. Wstępne założenia do testów sprawdzających predyspozycje geometryczne. In Proc. 24th 

Conference Geometry, Graphics, Computer (2017).
	11.	 McGee, M. G. Human spatial abilities: Psychometric studies and environmental, genetic, hormonal, and neurological influences. 

Psychol. Bull. 86(5), 889–918. https://​doi.​org/​10.​1037/​0033-​2909.​86.5.​889 (1979).
	12.	 Alias, M., Black, T. R. & Gray, D. E. Effect of instructions on spatial visualization ability in civil engineering students. Int. Educ. J. 

3(1), 1–12 (2002).
	13.	 Bednarek, H. & Olszewska, J. Sprawność przestrzennych operacji umysłowych a poprawność wnioskowania dedukcyjnego. Roczniki 

Psychol. 7(2), 63–79 (2004).
	14.	 Herman-Jeglińska, A. Różnice między kobietami a mężczyznami w zdolnościach poznawczych i organizacji funkcjonalnej mózgu: 

wpływ płci psychicznej. Przegląd Psychol. 42(1–2), 73–99 (1999).
	15.	 Jankowska, D. M. Eksperymentalne techniki pomiaru wyobraźni wizualnej i twórczej–potencjał aplikacyjny w badaniach peda-

gogicznych. Teraźniejszość Człowiek Edukacja 21(2), 103–124 (2017).
	16.	 Dworecki, Z., Fiszer, A., Łoboda, M. & Jakubowski, W. Dynamiczna wizualizacja wspomagająca rozwiązywanie wybranych 

zagadnień przestrzennych. J. Res. Appl. Agric. Eng. 57(2), 65–68 (2012).
	17.	 Wang, R. F. Between reality and imagination: When is spatial updating automatic? Percept. Psychophys. 66(1), 68–76. https://​doi.​

org/​10.​3758/​BF031​94862 (2004).
	18.	 Sroka-Bizoń, M. & Terczyńska, E. Perception of view—How to develop spatial imagination. J. Polish Soc. Geom. Eng. Graph. 25, 

19–26 (2013).
	19.	 Couclelis, H. “Where has the future gone?” Rethinking the role of integrated land-use models in spatial planning. Environ. Plan. 

A 37(8), 1353–1371. https://​doi.​org/​10.​1068/​a3785 (2005).
	20.	 Selkirk, K. Seeing and Believing: Examining the Role of Visualization Technology in Decision-Making About the Future. PhD The-

sis—Dissertation for the Degree Doctor of Philosophy. Arizona State University (2019).
	21.	 Kolecka, N. Integracja GIS i wirtualnej rzeczywistości do wizualizacji i eksploracji danych geograficznych. Archiwum Fotogrametrii, 

Kartografii i Teledetekcji 18, 241–250 (2008).
	22.	 Falco, E. Digital community planning. Int. J. E-Plann. Res. 5(2), 1–22. https://​doi.​org/​10.​4018/​IJEPR.​20160​40101 (2016).
	23.	 Allen, M., Regenbrecht, H. & Abbott, M. Smart-phone augmented reality for public participation in urban planning. In Proc. 23rd 

Australian Computer-Human Interaction Conference, 11–20. https://​doi.​org/​10.​1145/​20715​36.​20715​38 (2011).
	24.	 Broll, W. et al. Arthur A collaborative augmented environment for architectural design and urban planning. J. Virtual Reality 

Broadcast. https://​doi.​org/​10.​20385/​1860-​2037/1.​2004.1 (2004).
	25.	 Broschart, D. & Zeile, P. Architecture: Augmented reality in architecture and urban planning. In Peer Reviewed Proceedings of 

Digital Landscape Architecture 2015 (ed. Buhmann, E.) 111–118 (Anhalt University of Applied Sciences, 2015).
	26.	 Cirulis, A. & Brigmanis, K. B. 3D outdoor augmented reality for architecture and urban planning. Procedia Comput. Sci. 25, 71–79. 

https://​doi.​org/​10.​1016/j.​procs.​2013.​11.​009 (2013).
	27.	 Gnat, M., Leszek, K. & Olszewski, R. The use of geoinformation technology, augmented reality and gamification in the urban 

modeling process. In Proc. International Conference on Computational Science and Its Applications, 484–496. https://​doi.​org/​10.​
1007/​978-3-​319-​42108-7_​37 (Springer, 2016).

	28.	 Goudarznia, T., Pietsch, M. & Krug, R. Testing the effectiveness of augmented reality in the public participation process: A case 
study in the city of Bernburg. J. Dig. Landsc. Archit. 2, 244–251. https://​doi.​org/​10.​14627/​53762​9025 (2017).

	29.	 Imottesjo, H. & Kain, J. H. The Urban CoBuilder—A mobile augmented reality tool for crowd-sourced simulation of emergent 
urban development patterns: Requirements, prototyping and assessment. Comput. Environ. Urban Syst. 71, 120–130. https://​doi.​
org/​10.​1016/j.​compe​nvurb​sys.​2018.​05.​003 (2018).

	30.	 Phan, V. T. & Choo, S. Y. A combination of augmented reality and google earth’s facilities for urban planning in idea stage. Int. J. 
Comput. Appl. 4(3), 26–34. https://​doi.​org/​10.​5120/​809-​1149 (2010).

	31.	 Shen, J., Wu, Y. & Liu, H. Urban planning using augmented reality. J. Urban Plann. Dev. 127(3), 118–125. https://​doi.​org/​10.​1061/​
(ASCE)​0733-​9488(2001)​127:​3(118) (2001).

	32.	 Szczepańska, A., Kaźmierczak, R. & Myszkowska, M. Virtual reality as a tool for public consultations in spatial planning and urban 
design. Energies 14(19), 6046. https://​doi.​org/​10.​3390/​en141​96046 (2021).

	33.	 Abulrub, A. H. G., Budabuss, K., Mayer, P. & Williams, M. A. The 3D immersive virtual reality technology use for spatial planning 
and public acceptance. Procedia Soc. Behav. Sci. 75, 328–337. https://​doi.​org/​10.​1016/j.​sbspro.​2013.​04.​037 (2013).

	34.	 Al-Kodmany, K. Visualization tools and methods in community planning: From freehand sketches to virtual reality. J. Plan. Lit. 
17(2), 189–211. https://​doi.​org/​10.​1177/​08854​12027​62475​946 (2002).

	35.	 Heldal, I. Supporting participation in planning new roads by using virtual reality systems. Virtual Reality 11(2), 145–159. https://​
doi.​org/​10.​1007/​s10055-​006-​0061-3 (2007).

	36.	 Jamei, E., Mortimer, M., Seyedmahmoudian, M., Horan, B. & Stojcevski, A. Investigating the role of virtual reality in planning for 
sustainable smart cities. Sustainability 9(11), 2017. https://​doi.​org/​10.​3390/​su911​2006 (2006).

	37.	 Maffei, L., Masullo, M., Pascale, A., Ruggiero, G. & Romero, V. P. Immersive virtual reality in community planning: Acoustic and 
visual congruence of simulated vs real world. Sustain. Cities Soc. 27, 338–345. https://​doi.​org/​10.​1016/j.​scs.​2016.​06.​022 (2016).

	38.	 Simpson, D. M. Virtual reality and urban simulation in planning: A literature review and topical bibliography. J. Plan. Lit. 15(3), 
359–376. https://​doi.​org/​10.​1177/​08854​12012​20930​78 (2001).

	39.	 Sunesson, K. et al. Virtual reality as a new tool in the city planning process. Tsinghua Sci. Technol. 13(S1), 255–260. https://​doi.​
org/​10.​1016/​S1007-​0214(08)​70158-5 (2008).

	40.	 Stauskis, G. Development of methods and practices of virtual reality as a tool for participatory urban planning: A case study of 
Vilnius City as an example for improving environmental, social and energy sustainability. Energy Sustain. Soc. 4(1), 1–13. https://​
doi.​org/​10.​1186/​2192-​0567-4-7 (2014).

http://www.princeton.edu/~jjg/nsf_report.html
https://eprints.soton.ac.uk/47577/1/Christou_DALEST_paper_ICTMT8_2007.pdf
https://eprints.soton.ac.uk/47577/1/Christou_DALEST_paper_ICTMT8_2007.pdf
https://doi.org/10.15584/di.2017.12.23
https://doi.org/10.15584/di.2017.12.23
https://doi.org/10.1037/0033-2909.86.5.889
https://doi.org/10.3758/BF03194862
https://doi.org/10.3758/BF03194862
https://doi.org/10.1068/a3785
https://doi.org/10.4018/IJEPR.2016040101
https://doi.org/10.1145/2071536.2071538
https://doi.org/10.20385/1860-2037/1.2004.1
https://doi.org/10.1016/j.procs.2013.11.009
https://doi.org/10.1007/978-3-319-42108-7_37
https://doi.org/10.1007/978-3-319-42108-7_37
https://doi.org/10.14627/537629025
https://doi.org/10.1016/j.compenvurbsys.2018.05.003
https://doi.org/10.1016/j.compenvurbsys.2018.05.003
https://doi.org/10.5120/809-1149
https://doi.org/10.1061/(ASCE)0733-9488(2001)127:3(118)
https://doi.org/10.1061/(ASCE)0733-9488(2001)127:3(118)
https://doi.org/10.3390/en14196046
https://doi.org/10.1016/j.sbspro.2013.04.037
https://doi.org/10.1177/088541202762475946
https://doi.org/10.1007/s10055-006-0061-3
https://doi.org/10.1007/s10055-006-0061-3
https://doi.org/10.3390/su9112006
https://doi.org/10.1016/j.scs.2016.06.022
https://doi.org/10.1177/08854120122093078
https://doi.org/10.1016/S1007-0214(08)70158-5
https://doi.org/10.1016/S1007-0214(08)70158-5
https://doi.org/10.1186/2192-0567-4-7
https://doi.org/10.1186/2192-0567-4-7


12

Vol:.(1234567890)

Scientific Reports |        (2022) 12:15730  | https://doi.org/10.1038/s41598-022-20173-z

www.nature.com/scientificreports/

	41.	 Zeile, P. & Resch, B. Combining biosensing technology and virtual environments for improved urban planning. GI Forum 1, 
344–357. https://​doi.​org/​10.​1553/​gisci​ence2​018_​01_​s344 (2018).

	42.	 Trolinger, J. D. The language of holography. Light Adv. Manuf. 2(4), 473–481 (2021).
	43.	 Optics and Photonics. Holography. Part 1. Core Terms and Definitions. Classification. GOST R 59321.1-2021.
	44.	 Gabor, D. A new microscopic principle. Nature 161(4098), 777–778. https://​doi.​org/​10.​1038/​16177​7a0 (1948).
	45.	 Denisyuk, Y. N. & Alexandrova, L. M. My way in holography. Leonardo 25(5), 425–430 (1992).
	46.	 Leith, E. N. & Upatnieks, J. Wavefront reconstruction with diffused illumination and three-dimensional objects. Josa 54(11), 

1295–1301 (1964).
	47.	 Lee, G. Y., Sung, J. & Lee, B. Recent advances in metasurface hologram technologies. ETRI J. 41(1), 10–22. https://​doi.​org/​10.​4218/​

etrij.​2018-​0532 (2019).
	48.	 Wakunami, K. & Yamaguchi, M. Calculation for computer generated hologram using ray-sampling plane. Opt. Express 19(10), 

9086–9101. https://​doi.​org/​10.​1364/​OE.​19.​009086 (2011).
	49.	 Geng, J. Three-dimensional display technologies. Adv. Opt. Photonics 5(4), 456–535 (2013).
	50.	 Son, J. Y., Lee, H., Lee, B. R. & Lee, K. H. Holographic and light-field imaging as future 3-D displays. Proc. IEEE 105(5), 789–804. 

https://​doi.​org/​10.​1109/​JPROC.​2017.​26665​38 (2017).
	51.	 Ghuloum, H. 3D hologram technology in learning environment. In Informing Science & IT Education Conference, 693–704 (2010).
	52.	 Barkhaya, N. M. M. & Abd Halim, N. D. A review of application of 3D hologram in education: A meta-analysis. In IEEE 8th 

International Conference on Engineering Education (ICEED), 257–260. https://​doi.​org/​10.​1109/​ICEED.​2016.​78560​83 (2016).
	53.	 Kim, B. H., Jung, M. Y. & Kim, J. Development and application of 3D-hologram maker education materials for high school students 

in Korea. Adv. Sci. Lett. 24(3), 2114–2117. https://​doi.​org/​10.​1166/​asl.​2018.​11867 (2018).
	54.	 Ramachandiran, C. R., Chong, M. M. & Subramanian, P. 3D hologram in futuristic classroom: A review. Period. Eng. Nat. Sci. 7(2), 

580–586. https://​doi.​org/​10.​21533/​pen.​v7i2.​441 (2019).
	55.	 Saito, Y. et al. Intraoperative 3D hologram support with mixed reality techniques in liver surgery. Ann. Surg. 271(1), e4–e7. https://​

doi.​org/​10.​1097/​SLA.​00000​00000​003552 (2020).
	56.	 Kim, S. J. et al. Deep transfer learning-based hologram classification for molecular diagnostics. Sci. Rep. 8(1), 1–12. https://​doi.​

org/​10.​1038/​s41598-​018-​35274-x (2018).
	57.	 Than, M. H., Pham, M. M. & Pham, H. T. T. Pyramid hologram in projecting medical images. In International Conference on the 

Development of Biomedical Engineering in Vietnam (eds Toi, V. V. et al.) 421–426 (Springer, 2018).
	58.	 Mishra, S. Hologram, the future of medicine—From star wars to clinical imaging. Indian Heart J. 69(4), 566. https://​doi.​org/​10.​

1016/j.​ihj.​2017.​07.​017 (2017).
	59.	 Tian, F., Zhou, P., Lv, F., Song, R. & Li, Z. Three-dimensional holograph vector of atomic interaction field (3D-HoVAIF): A novel 

rotation–translation invariant 3D structure descriptor and its applications to peptides. J. Pept. Sci. 13(8), 549–566. https://​doi.​org/​
10.​1002/​psc.​892 (2007).

	60.	 Giang, H. N., Kinashi, K., Sakai, W. & Tsutsumi, N. Photorefractive response and real-time holographic application of a poly 
(4-(diphenylamino) benzyl acrylate)-based composite. Polym. J. 46(1), 59–66. https://​doi.​org/​10.​1038/​pj.​2013.​68 (2014).

	61.	 Tiro, D., Poturiović, A. & Buzadjija, N. The possibility of the hologram pyramid applying in the rapid prototyping. In 2015 4th 
Mediterranean Conference on Embedded Computing (MECO), 25–30. https://​doi.​org/​10.​1109/​MECO.​2015.​71819​07 (IEEE, 2015).

	62.	 Chin, H. & Kim, M. J. Converged study of influencing consumer factors on hologram media experience. J. Korea Converg. Soc. 
8(1), 149–154. https://​doi.​org/​10.​15207/​JKCS.​2017.8.​1.​149 (2017).

	63.	 Sadek, S. S. Dynamic hologram shows as a digital advertising entry for commercial centers. Int. Des. J. 9(1), 89–101. https://​doi.​
org/​10.​21608/​idj.​2019.​83609 (2019).

	64.	 Ramlie M. K. Developing a low cost 3D hologram for a new advertising medium in Klang Valley, Malaysia. In Proc. 6th International 
Conference on Social Sciences and Humanities, 530–535 (2017).

	65.	 Lai, S. Y., & Chen, B. H. Easy3D: A holographic advertising platform. In 2018 IEEE 7th global conference on Consumer Electronics 
(GCCE), 83–84. https://​doi.​org/​10.​1109/​GCCE.​2018.​85748​75 (IEEE, 2018).

	66.	 Cuche, E., Marquet, P. & Depeursinge, C. Simultaneous amplitude-contrast and quantitative phase-contrast microscopy by numeri-
cal reconstruction of Fresnel off-axis holograms. Appl. Opt. 38(34), 6994–7001. https://​doi.​org/​10.​1364/​AO.​38.​006994 (1999).

	67.	 Wu, Y. & Ozcan, A. Lensless digital holographic microscopy and its applications in biomedicine and environmental monitoring. 
Methods 136, 4–16. https://​doi.​org/​10.​1016/j.​ymeth.​2017.​08.​013 (2018).

	68.	 Bulanovs, A. & Bakanas, R. Use of computer-generated holograms in security hologram applications. Latvian J. Phys. Tech. Sci. 
53(5), 54–63. https://​doi.​org/​10.​1515/​lpts-​2016-​0036 (2016).

	69.	 Hartl, A., Arth, C. & Schmalstieg, D. AR-based hologram detection on security documents using a mobile phone. In International 
Symposium on Visual Computing, 335–346 (Springer, 2014).

	70.	 Shoydin, S. A. & Pazoev, A. L. Transmission of 3D holographic information via conventional communication channels and the 
possibility of multiplexing in the implementation of 3D hyperspectral images. Photonics 8(10), 448. https://​doi.​org/​10.​3390/​photo​
nics8​100448 (2021).

	71.	 Ericsson Consumer Lab. 10 Hot Consumer Trends 2030 Welcome to the Internet of the Senses. https://​www.​erics​son.​com/​en/​repor​
ts-​and-​papers/​consu​merlab/​repor​ts/​10-​hot-​consu​mer-​trends-​2030 (Ericsson, 2019) (Accessed 10 May 2021).

	72.	 Haag, S. & Anderl, R. Digital twin—Proof of concept. Manuf. Lett. 15, 64–66. https://​doi.​org/​10.​1016/j.​mfglet.​2018.​02.​006 (2018).
	73.	 Skorko, M. Fizyka: Podręcznik dla studentów wyższych technicznych studiów zawodowych dla pracujących (Państwowe Wydawnictwo 

Naukowe, 1981).
	74.	 Hammond, P. Some optical illusions!. 5 to 7 Educator 2007, 34. https://​doi.​org/​10.​12968/​ftse.​2007.6.​10.​28302 (2013).
	75.	 Brown, A. Seeing is believing: 3D illusions. Science in School 24, 29–35 (2012).
	76.	 Bryanton, R. Imagining the Tenth Dimension: A New Way of Thinking About Time, Space, and String Theory (Talking Dog Studios, 

2006).
	77.	 Kim, S. K., Yoon, K. H., Yoon, S. K. & Ju, H. Parallax barrier engineering for image quality improvement in an autostereoscopic 

3D display. Opt. Express 23(10), 13230–13244. https://​doi.​org/​10.​1364/​OE.​23.​013230 (2015).
	78.	 Lucente, M. The first 20 years of holographic video—And the next 20. In Proc. SMPTE 2nd Annual International Conference on 

Stereoscopic 3D for Media and Entertainment (2011).
	79.	 Van Eck, N. J. & Waltman, L. VOSviewer Manual 1–53 (Univeristeit Leiden, 2020).

Author contributions
Conceptualization, R.K. and A.S.; methodology, R.K. and A.S.; software, R.K..; validation, R.K. and A.S.; formal 
analysis, R.K. and A.S.; investigation, R.K. and A.S.; resources, R.K. and A.S.; data curation, R.K. and A.S.; writ-
ing—original draft preparation, R.K. and A.S.; writing—review and editing, R.K. and A.S.; visualization, R.K.; 
supervision, R.K..; project administration, A.S.

Competing interests 
The authors declare no competing interests.

https://doi.org/10.1553/giscience2018_01_s344
https://doi.org/10.1038/161777a0
https://doi.org/10.4218/etrij.2018-0532
https://doi.org/10.4218/etrij.2018-0532
https://doi.org/10.1364/OE.19.009086
https://doi.org/10.1109/JPROC.2017.2666538
https://doi.org/10.1109/ICEED.2016.7856083
https://doi.org/10.1166/asl.2018.11867
https://doi.org/10.21533/pen.v7i2.441
https://doi.org/10.1097/SLA.0000000000003552
https://doi.org/10.1097/SLA.0000000000003552
https://doi.org/10.1038/s41598-018-35274-x
https://doi.org/10.1038/s41598-018-35274-x
https://doi.org/10.1016/j.ihj.2017.07.017
https://doi.org/10.1016/j.ihj.2017.07.017
https://doi.org/10.1002/psc.892
https://doi.org/10.1002/psc.892
https://doi.org/10.1038/pj.2013.68
https://doi.org/10.1109/MECO.2015.7181907
https://doi.org/10.15207/JKCS.2017.8.1.149
https://doi.org/10.21608/idj.2019.83609
https://doi.org/10.21608/idj.2019.83609
https://doi.org/10.1109/GCCE.2018.8574875
https://doi.org/10.1364/AO.38.006994
https://doi.org/10.1016/j.ymeth.2017.08.013
https://doi.org/10.1515/lpts-2016-0036
https://doi.org/10.3390/photonics8100448
https://doi.org/10.3390/photonics8100448
https://www.ericsson.com/en/reports-and-papers/consumerlab/reports/10-hot-consumer-trends-2030
https://www.ericsson.com/en/reports-and-papers/consumerlab/reports/10-hot-consumer-trends-2030
https://doi.org/10.1016/j.mfglet.2018.02.006
https://doi.org/10.12968/ftse.2007.6.10.28302
https://doi.org/10.1364/OE.23.013230


13

Vol.:(0123456789)

Scientific Reports |        (2022) 12:15730  | https://doi.org/10.1038/s41598-022-20173-z

www.nature.com/scientificreports/

Additional information
Correspondence and requests for materials should be addressed to A.S.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2022

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	3D optical illusion as visualisation tools in spatial planning and development
	Literature review
	Spatial imagination. 
	Modern visualisation methods. 

	Methodology
	Holographic pyramid. 
	Polarising filters3D glasses. 
	3D matrices. 
	LED hologram. 
	Statement. 

	Results
	Discussion and conclusions
	References


