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ABSTRACT

It has been proven in many scientific studies that vision is the most important perceptual mechanism for humans.
Methods in visualizations focus on visual perception cues and data exchange based on the interaction between
humans and technological devices. Medical animations are becoming increasingly important with the
development of technology, and new methods in the field of three-dimensional imaging and display technologies
are developing rapidly. Medical professionals must be informed about these developments. These technological
innovations have emerged as pivotal instruments within the broader domain of medical communication, which
encompasses a diverse array of methods tailored to cater to the evolving needs of this expanding field. Three-
dimensional animations, in particular, have garnered significant attention from researchers within the medical
community due to their remarkable efficacy in conveying complex information. These animations have the
remarkable capacity to transcend physical boundaries, reaching viewers through a variety of devices, including
smartphones, tablets, television sets, and computers. Volumetric display technology, a significant innovation in
medical animation, is predicated on image and depth perception. This technology is poised to play a substantial
role in medical science. The investigative approach employed in this article is a descriptive analysis that leverages
qualitative research techniques. Through an examination of three-dimensional visualization applications in the
medical field from a descriptive analytical perspective, the study highlights the necessity of volumetric displays
capable of producing lifelike images. The objective is to introduce volumetric display technology to this domain
and to understand the effect of volumetric display technology for comfortable and effective presentation of
images obtained with medical visualizations to medical specialists, patients and their relatives, medical students,
and healthcare professionals.
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Introduction

Recent advancements in the medical field have been observed to be increasingly prevalent on
a global scale. Visual communication plays a pivotal role in the transfer of information within
the medical domain. It has been noted that the dissemination of information in crucial domains
such as education, patient communication, and surgical planning necessitates the utilization of
visual communication. Contemporary medical specialists have demonstrated a preference for
elucidating theoretical concepts through the medium of visualization. In the context of modern
medical education and practice, there is an increasing demand for more realistic and interactive
visualization solutions. In this context, medical professionals require visualization techniques to
inform decision-making processes in addressing specific medical challenges and to facilitate

T This study was produced from the art proficiency thesis titled “Display of Three-Dimensional Animations on Holographic Screens
(Volumetric Displays) in Medicine”.
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data analysis. Among these techniques, three-dimensional animations have gained prominence
as a prevalent form of visualization.

The presentation of three-dimensional visualizations is as crucial as their content. Traditional
displays, including televisions, mobile phones, and computers, are deeply integrated into daily
life. With technological advancements, various three-dimensional display technologies have
emerged, and researchers continuously explore new methods to enhance visual realism and
effectiveness. Modern three-dimensional display technologies provide significant benefits to
users, with augmented reality and virtual reality gaining increasing popularity. Among these,
volumetric displays, which generate holographic images with lifelike quality, are becoming more
widespread globally, despite still being relatively unfamiliar to the general public.

The objective of this study is threefold: first, to underscore the significance of three-dimensional
visualizations in the medical field, second, to emphasize the utility of three-dimensional
animations as a pivotal visual communication medium in medical contexts; and third, to
highlight the efficacy of volumetric display technology in providing a more effective and realistic
depiction of these animations. In the article, the issue of depth perception is initially addressed,
followed by a comparative analysis of various display types.

This research explores the most effective display technology for presenting three-dimensional
animations, with the aim of facilitating collaboration between medical professionals and
visualization researchers.

The problem of the study is to use volumetric display technology to present three-dimensional
animations more effectively and realistically to inform an audience, such as medical sector
employees, medical students, patients, and their relatives, to introduce this technology to the
target audience and to provide it to the literature.

In addition, the subject examined is limited to the importance of three-dimensional medical
visualizations in the medical field and the advantages of their presentation on volumetric
screens, which is a three-dimensional screen technology. In this axis, many books, scientific
studies, articles, and e-sources were researched in the process of writing the article, and a
qualitative research method was used.

In the context of the research topic, the significance of employing three-dimensional display
technology in the presentation of medical visualizations has been examined. Initially, the
discussion centers on three-dimensional depth cues, with numerous researchers asserting the
imperative of comprehending these cues to ensure the efficacy of the display. An examination
of the domains where medical animation is utilized underscores the necessity for such
animations. Thereafter, the interplay between three-dimensional visualizations and volumetric
display technology is investigated. Following this, a discussion of other three-dimensional
display technologies is provided, with an emphasis on the relationship between volumetric
displays and medical animations. The examination of two-dimensional and three-dimensional
display technologies aims to elucidate the distinctions and advantages between them. The
study concludes with a discussion of the necessity of volumetric displays in the medical field
and the relevance of such a field to medical professionals. The examination of depth cues and
usage areas in three-dimensional perception realistically incorporates guidelines for perceiving
images.

Study aim

The objective of this study is to evaluate the benefits of this visualization technique for
healthcare professionals, patients, patient relatives, and medical students. This evaluation will
consider the ability of medical animations to convey complex information effectively. The study
will also examine the use of three-dimensional animation, a visualization technique, in the
medical field. This research will investigate how depth perception and realistic imaging
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possibilities can transform medical communication. Finally, the study will reveal the importance
of disseminating volumetric display technology in medical science.

Method

Research design

The investigative approach employed in this article was developed as a descriptive analysis
using qualitative research techniques. By examining the purposes for which three-dimensional
visualization is used in the medical field with the descriptive analysis method, an attempt was
made to understand the need for volumetric displays that offer lifelike images. In this sense, the
basic function of depth perception in obtaining lifelike images is emphasized. Then, the use of
animations in the medical field is examined, and its importance is underscored. The article
further explains the most effective method of presenting three-dimensional medical
visualizations on volumetric displays that offer lifelike images by providing basic information
about imaging technologies, using comparative explanations, and providing examples.

Depth cues in three-dimensional perception

Three-dimensional display technologies are created by addressing the consequences of a series
of psychological and physical cues. These technologies enable the human brain to perceive two-
dimensional images in a three-dimensional world in a lifelike way. Depth cues are visual signals
that facilitate understanding of how these images are perceived. Geng explains that physical
cues are used to recognize objects, and psychological cues are used to create associations
(Figure 1).

“Computer graphics enhances our sense of three dimensions when viewing three-dimensional
objects. While an enhanced three-dimensional image may appear to have depth or volume, it is
still only two-dimensional due to the nature of two-dimensional viewing on a flat screen. The
human visual system needs both physical and psychological depth cues to recognize the third
dimension. Physical depth cues can only be introduced by actual three-dimensional objects;
two-dimensional images can evoke psychological cues” (Geng, 2013, p. 461).

Images reflected in two dimensions to the human eye create a three-dimensional perception
with some interpretations of the object seen. Zufiga and Orero express the association made
by the objects collected from the visual system to the brain as follows:

“The images formed on our retina are two-dimensional. All information about distance is
extracted from the image and the visual system. This information is collected and reconstructed
in the brain and allows the location of objects to be determined in the same way that the auditory
system can map the source of a sound” (Zufiiga, Orero, 2013, p. 17).

In their study, Blundell and Schwartz state that people working on imaging technologies should
have a good command of depth cues:

“Techniques that study three-dimensional imaging should explicitly incorporate knowledge of
depth cues, the visually based mechanisms by which we acquire depth information about the
surrounding environment. Understanding depth cues and the human visual system should form
a fundamental starting point for anyone working on and developing imaging system
technologies.” (Blundell and Schwarz, 2013, p.7).

Depth perception allows us to understand the position, distance, and interrelation of objects in
our environment. This process requires certain cues, called depth cues because the information
provided by our eyes alone is often not enough. Holliman underlines the importance of depth
cues in creating a quality system by stating that “defining the requirements for three-
dimensional imaging hardware and the images displayed on it is an important first step towards
creating a high-quality three-dimensional imaging system” (Holliman, 2017, p. 292).
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Depth cues provide an understanding of exactly where objects in the environment are located.
Figure 1 shows the classification of depth cues in terms of physiological cues.
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Figure 1 Classification of depth cues in terms of physiological cues (Geng, 2013, s. 462).

For example, trying to hold an object can confuse a person without depth perception. Interacting
with moving objects requires depth perception. For example, when a soccer player kicks a
moving ball, it is thanks to depth perception.

Physical Depth Cues Accommodation: Depth Cue is a cue that occurs when the eye changes
the curvature of the lens of the eye to focus on what it is looking at. When the eye tries to see a
nearby object, the lens muscles become rounded. When trying to see an object farther away,
the lens becomes flatter.

“Accommodation is the mechanism by which the human eye alters its optical power to hold
objects at different distances, creating a clear focus on the retina” (Reichelt & Haeusler, 2010,

p.2).

As these words imply, these contractions help the brain to estimate the distance of objects from
the person, allowing the perception of three-dimensional depth.

Convergence Depth Cue refers to the degree to which both eyes move toward each other when
looking at a particular object. The eyes rotate toward each other when focusing on a nearby
object; the closer the object, the greater the rotation of the eyes toward each other.

“When we look at a particular point of an object with both eyes, the angle made by the two axes
of vision is called the convergence angle. Obviously, the muscle tension to turn the pupils inward
a little to look at a point gives a cue for depth perception. This cue seen with both eyes is called
convergence” (Okoshi, 1976, p.49).

As a result, the brain perceives this movement of the eyes and interprets the distance of the
object based on this information.

Another clue, motion parallax, is when a moving person perceives objects as moving at different
speeds. Motion parallax plays a crucial role in depth perception. When we simultaneously
observe objects at varying distances, the perception that these objects move at different speeds
enables the brain to construct a sense of depth and distance. “The relative motion of images on
the retina caused by the movement of the observer or the translation of objects across the field
of view. For example, if an observer moves his head left and right while fixating on a distant
object, there is an inverse relationship between the distance of any closer (stationary) object
and the speed at which its image moves on the retina. In a more complex situation with many
objects in the field of view at different distances from the observer, a gradient of relative image
motion is produced on the retina during each movement of the head” (Rogers, 1979, p. 125).
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Binocular Parallax is a condition in which two eyes look at an object, and each eye perceives a
different image. This phenomenon allows the brain to perceive images from both eyes and
create a three-dimensional depth perception. “It is well known that the visual system can infer
the third dimension, depth, from various visual cues in retinal images. One of these cues is
binocular mismatch, which is the positional difference between two retinal projections of a given
point in space. This positional difference results from the fact that the two eyes are laterally
separated and therefore see the world from two slightly different perspectives” (Quian, 1997, p.
359).

Okoshi explains binocular parallax as follows;

“When an observer looks at a point on an object, the light rays originating from that point focus
on the centers of the retina in both eyes. Therefore, we can say that the two fovea centralis in
the eye pair give “corresponding positions” on the retina, and convergence is determined
according to these positions. However, light rays from points other than the point of gaze
(fixation point) are not always focused at the corresponding positions on the retina. This effect
is called binocular disparity or binocular parallax” (Okoshi, 1976, p. 51). With his words, he gives
the scientific definition of binocular parallax.
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Figure 2 Psychological depth cues from 2D monocular images. (Geng, 2013, s. 463).

Linear perspective, a hallmark of psychological depth, involves the creation of a three-
dimensional illusion on a two-dimensional surface through the consideration of distance, size,
and placement of objects in relation to one another. In essence, the visual perception of distant
objects in perspective is characterized by their diminutive size, while nearby objects are
perceived as substantial, converging towards a single point of escape. Geng elucidated this
phenomenon through the use of a train track illustration, which exemplifies the underlying
principle. "Linear perspective is the appearance of relative distance between three-dimensional
objects, such as the illusion of railroad tracks converging at a distant point on the horizon" (Geng,
2013, p. 462).

Occlusion, a psychological depth cue, plays a significant role in the process of depth perception.
This phenomenon occurs when one object partially obscures another, creating the perception
that the obstructing object is closer. Known as "occlusion,” this effect plays a fundamental role
in shaping the perception of a three-dimensional world. Blundell and Schwarz elucidate this
concept, stating, "An opaque object positioned between the observer and a second object
obscures at least a portion of the second object, rendering it invisible. This phenomenon enables
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the brain to interpret the partially obscured objects as being farther away than the intervening
ones (Blundell and Schwarz, 2013, p. 13).

Shading: Light falling on a surface is distributed according to the shape of that surface. Surfaces
where light is reflected appear brighter, while surfaces in the dark appear darker. This difference
helps us understand that an object is three-dimensional by observing its surface curves, ovality,
flatness, and other physical details. Geng: “The shading of one object on another provides strong
three-dimensional spatial relationship clues. Changes in intensity help the human brain infer the
surface shape and orientation of an object” (Geng, 2013, p. 462), drawing attention to the three-
dimensional perception created by shading on the human brain.

Texture depth cues are clues to how realistic an object looks. It helps to give a surface three
dimensions. Holliman: “The texture of objects of fixed size, such as pebbles or grass, will change
in size on the retina depending on the distance” (Holliman, 2017, p. 5), referring to the perception
that objects with texture will change size at the right distance.

Three-dimensional medical visualization and application areas

Many researchers cite the work of Leonardo Da Vinci as an example of medical visualizations.
However, it was only in the 1980s that it began to be treated as scientific research. Preim and
Bartz point out that scientific visualizations are a special field as follows:

“Medical visualization, or medical visualization for short, is a special field of scientific
visualization that established itself as a research area in the late 1980s. The roots of scientific
visualization are multifaceted; on the one hand, the long tradition of scientists displaying their
work in carefully crafted graphics laid the foundation for scientific visualization” (Preim and
Bartz, 2007, p. 1).

Medical visualization is the analysis, visualization, and examination of acquired image data to
address diagnostic and intervention planning issues. Three-dimensional images are created by
three-dimensional artists using specialized software, while scientists develop the technology
necessary for effective image presentation. In this context, the images viewed on modern
technological devices are considered a multidisciplinary process. As Pandey and Singh's (2019)
study notes, "Multimedia and three-dimensional animation is an emerging field in medical
education to enhance deeper understanding and spatial knowledge. This interesting technology
can be used in both horizontal and vertical integration of medical education" (Pandey & Singh,
2019, p. 481).

Figure 3 Thumb Sprain Surgery. Access: 20.11.2024, Web: https://trinityanimation.com/animation-
medical

In this process, Preim and Bartz addressed the application areas of medical visualization in four
different types: education, diagnosis, treatment planning, and support during surgery.

Use of medical visualization concept in education

Medical visualization in education offers medical students, healthcare professionals, and
researchers a powerful learning tool to understand better complex anatomical structures,
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biological processes, and disease mechanisms. Unlike two-dimensional drawings in traditional
textbooks, three-dimensional medical visualization technologies allow students to study the
human body in a more detailed and interactive way. “In particular, minimally invasive surgical
procedures require extensive training and interactive three-dimensional visualization plays an
important role in this training. Often, non-clinical data are used for educational purposes” (Preim
and Bartz, 2007, p. 3).

Figure 4 Use of medical visualization and holograms in education (Elmarash, Adrah ve Eljadi, 2021, s. 8)

As in Figure 4, Holoscope-i creates an image of the patient's anatomy based on CT and
ultrasound scans and allows the surgeon to examine this image with bare hands.

Diagnosis in medical visualization

Medical visualization and diagnosis refers to a medical field that uses medical imaging
techniques to examine structures inside the body and detect diseases. This process helps
doctors and radiologists diagnose diseases and plan treatment. Three-dimensional
visualizations make this process more effective and understandable. Zhou, Fan, and colleagues
explain the importance of three-dimensional visualization with the following example: “Medical
images are essential for modern medicine and are an important research topic in visualization.
However, medical professionals are often unaware of the many advanced three-dimensional
(3D) medical image visualization techniques that can enhance their capabilities in data analysis
and aid decision-making for specific medical problems. “(Zhou, Fan et al., 2007, p.4). As it can
be understood from these words of Zhou, Fan et al. draw attention to the importance of 3D
visualizations in analyzing medical images and obtaining diagnostic information. Visualizations
have a very important place in the medical field, and many physicians now use this method to
solve problems.

Treatment planning in medical visualization

Treatment planning is a process that leverages modern medical technologies to enhance
patients' understanding of their health status while enabling physicians to develop more
effective and personalized treatment strategies. This process involves the use of various
imaging techniques and software to provide a clearer visualization of patients’ anatomical
structures and pathological conditions. These technologies not only expedite diagnosis but also
facilitate more accurate treatment decisions. Three-dimensional modeling is employed to
represent the patient’'s organs requiring diagnosis. As Preim and Bartz explain,“Treatment
planningis interactive 3D visualizations of relevant anatomical and pathological structures can
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improve the planning of surgical interventions, radiation therapy, and minimally invasive
interventions. Spatial relationships between pathological lesions and vital structures at risk can
be better assessed with 3D visualizations” (Preim and Bartz, 2007, p. 4).

As can be understood from their words, three-dimensional visualizations are used as an
effective method in treatment planning.

Support of medical visualization in the surgical process

Three-dimensional visualization during surgery has been shown to facilitate a more controlled
approach to surgical operations, offering enhanced visual clarity, particularly in complex surgical
procedures, and assisting surgeons in making informed decisions. As noted by Preim and Bartz
(2007), "Medical visualization based on three-dimensional data is increasingly entering the
operating room. Images acquired before surgery and images during surgery are integrated to
provide support during an intervention. The necessity for flexible and intelligent displays in such
applications is underscored by the growing importance of three-dimensional medical
visualization, as highlighted by Preim and Bartz (2007, p. 4).

Figure 5 3D Heart medical visualization. Access: 20.11.2024, Web: https://smarttek.solutions/blog/3d-
modeling-in-medicine/

As illustrated in Figure 5, two-dimensional images are converted into three-dimensional images,
facilitating the creation of parallax images. These images enable physicians to thoroughly
comprehend all aspects of the procedure, aiding experts in treatment planning.

Introduction of technological medical devices

Every day, we witness a new development in the medical field. While experts continue to search
for new treatment methods for the treatment of many diseases, engineers are researching new
methods for new technological devices that will help physicians. Three-dimensional
visualization artists prepare visuals for these applications. For example, biomedical engineers
produce devices and technologies to help medical professionals in their diagnosis and
treatment processes. Kara, in her study on the past and present of biomedical engineering:

‘Biomedical engineers use mathematical arguments to model the human body. This allows
them to better understand body functions by interpreting clinical findings more accurately.
Biomedical engineers also design devices and systems that can collect information from the
body to diagnose diseases” (Kara, 2010, p. 1).

With his words, he conveyed the importance of this branch of engineering for medicine. Three-
dimensional visualizations are employed to promote these devices, which are designed by
engineers to be presented to other doctors at medical meetings. Many medical companies use
this method to promote their devices. Moreover, medical animations often include additional
elements, such as surgical instruments or tools in forensic animations represented as surface
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models (Preim & Meausche, 2020, p. 145). These new technological devices are used to inform
physicians at medical conferences.

Consequently, three-dimensional medical animations can be utilized in all medical processes,
benefiting experts. This study aims to introduce the screen types employed in the display of
three-dimensional animations. However, the presentation of these animations is as crucial as
their production. The presentation of three-dimensional animations using three-dimensional
display technologies enables physicians to obtain realistic images and facilitates more
controlled management of the process. Consequently, the subsequent stage was deemed to be
an opportune moment for the integration of three-dimensional display technologies.

Two dimensional and three-dimensional imaging technologies

The screens we use in daily life, such as televisions, telephones, and computer monitors, present
the image on only two axes. On these screens, some dots make up the image, and these dots
are called pixels. As Kale states in his work on television technology, “When the dots are small
enough, our eyes cannot fully select the dots, and we see the image as a whole, but when we
enlarge the same picture by increasing the dot size without increasing the number of dots, most
people will not be able to understand what is in the image. These dots that make up the image
are called pixels. A pixel consists of parts in blue, green, and red colors” (Kale, 2010, p. 81).
Monitors such as CRT, LCD, and Plasma are two-dimensional monitor technologies. As Rikabad
states, “The LCD is a two-dimensional electro-optical light modulator mounted in front of the
backlight. Light is modulated for each pixel by applying an electric field to a thin layer of Nematic
liquid crystal mounted between two polarized films (Rikabad, 2008, p. 2).

The advent of sophisticated technologies has given rise to a variety of three-dimensional display
types, which have gained traction across numerous disciplines. Virtual reality, augmented
reality, holographic displays, and volumetric displays have garnered significant popularity
among users. In their research on virtual reality, Malinowska et al. emphasize the importance of
new three-dimensional technologies, stating, "Today, studies using Virtual Reality (VR) are
gaining great popularity because VR is a better approximation of the ecological environment for
visual experiments than standard two-dimensional viewing environments" (Malinowska et al.,
2024, p. 01).

Many researchers have emphasized the importance of research on how to make two-
dimensional display screens more effective. Lisle et al. explains the importance of three-
dimensional display technologies with numerical data in their research on display technologies.
‘Over the years, many experiments have investigated perceptual problems in virtual
environments and display technologies. From 184 experiments, they synthesized the body of
work evaluating three-dimensional display technologies and found that three-dimensional
displays outperformed their two-dimensional counterparts in 75% of the experiments. For our
specific use case, three-dimensional displays outperformed two-dimensional displays in 57% of
depth perception studies” (Lisle Merenda et al., 2019, p. 2).

Likewise, holograms, which are also three-dimensional imaging technology, are used in many
fields today. This technology, which allows the viewer to see the image on the screen brightly,
i.e., 360 degrees, is encountered in many fields, such as education, marketing, museology, and
medicine. In their study on holograms, Elmahal and colleagues mentioned the difference
between holograms and traditional technologies by stating that “Three-dimensional imaging
technology has emerged as an advanced solution to solve problems in traditional methods of
viewing objects; it provides people with a more comprehensive view and description of things,
similar to the natural view of the human eye, three-dimensional objects are shown in simple
ways such as photography and video or in @ more complex way using new technologies”
(Elmahal et al., 2020, p. 91).
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Figure 6 Display of medical images on a conventional screen. Access: 07.03.2025
https://www.avalonholographics.com/news/trendhunter-3d-experiences-via-holographic-displays

Figure 7 Representation of medical images on volumetric displays. Access: 07.03.2025
https://www.avalonholographics.com/news/trendhunter-3d-experiences-via-holographic-displays

As seen in Figure 6, although the medical image presented is three-dimensional, the perception
of three dimensions is not as effective as in Figure 7 since the presentation is made on a two-
dimensional screen. In Image b, the perception of three-dimensional depth is felt more.

Three-dimensional display technologies in medical visualization

Numerous researchers have sought to develop the most user-friendly technology by utilizing
visual depth cues. Regardless of the quality of the three-dimensional images produced,
achieving parallax remains impossible when displayed on two-dimensional screens. Reichelt,
Haussler, and colleagues express the value and importance of three-dimensional display
technologies by stating that “Considering that we live in a communication society today where
information exchange is largely based on visual representation, it is surprising that most of the
screens we use for long hours a day for work or entertainment get along well with a two-
dimensional image” (Reichelt, Haussler et al., 2010, p. 1) and that three-dimensional technology
has become a necessity.

Studies on three-dimensional display technology go back a long way. British scientist Sir Charles
Wheatstone introduced stereoscopic image technology for the first time in 1838. This
technology enabled the viewer to perceive a three-dimensional image by combining
photographs taken from two different angles. Reichelt, Haussler, and colleagues evaluate the
history of the first research in this field as follows:

“Various technologies for visualizing three-dimensional scenes on screens have been
technologically demonstrated and innovated. Their developmental history dates back to the
Wheatstone stereoscope invented in 1838. These include the most common family of
stereoscopic and multiview displays, which are further developments of autostereoscopic and
super-multiview displays. Integrated imaging is another increasingly popular technology”
(Reichelt, Haussler, et al,, 2010, p. 1)
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In this study it is thought that the purpose of the study will be better understood by mentioning
the brief technical features of the display technology and giving examples. Reichelt, Haussler,
and colleagues examine the classification of three-dimensional display technology and explain
the difference between volumetric display technology and other displays.

Stereoscopic three-dimensional displays for binocular parallax provide distinct images for both
eyes, thereby creating a three-dimensional experience through the perception of depth. Lueder
(2012) explains that, due to the limitation of monocular vision, three-dimensional viewing is
typically facilitated by both eyes working in conjunction to provide each eye with an image of
the object. The images perceived by each eye are subject to variation, depending on the relative
positions of the eyes (Lueder, 2012, p. 1). This phenomenon forms the foundation of binocular
displays, which find application in virtual reality (VR) and augmented reality (AR) devices, as
illustrated in the accompanying image. Reichelt and Haussler discuss autostereoscopic
displays that do not necessitate the use of glasses: "When glasses (passive: anaglyph or
polarization; active: LCD shutter glasses) are required, the displays are called stereoscopic, while
autostereoscopic displays do not require distracting glasses" (Reichelt, Haussler, et al., 2010, p.
5). Visual 4 shows the VR Glasses Models.

Figure 8 VR eyeglass models (Pan, Xu ve Cambell, 2021, s.4)

Integrated display screens represent a significant technological advancement, enabling the
perception of three-dimensional images without the need for wearable devices. This technology
captures and reconstructs light fields, mimicking the way light reflects off objects in a three-
dimensional environment. The core principle of holographic displays lies in generating a sense
of depth by projecting three-dimensional images. As illustrated in Figure 5, holographic displays
achieve true three-dimensional displays by presenting the image to the viewer from multiple
angles, distinguishing them from conventional two-dimensional displays.

Figure 9 2D display and hologram in medical visualization (Qahtan ve Salih, 2017, s. 22).
Luader describes the technical characteristics of holographic displays as follows:

“Holography is an orientation-based coherent imaging technique in which a two-dimensional
scene can be reproduced from a two-dimensional display with a complex amplitude
transparency (amplitude and phase values). Holographic images reproduce the wavefield of the
three-dimensional scene in space by modulating coherent light, for example, with a spatial light
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modulator. Because of its superior capabilities, real-time holography is often considered the
ideal three-dimensional technique” (Lueder, 2012, p. 5).

Volumetric display technology is a type of display that allows two- or three-dimensional images
to be freely visible in a physical space. As Lueder explains, the images formed on volumetric
displays are equivalent to what actually exists.

“In true volumetric displays, every point of a scene is rendered at its true position in space, and
this can be accomplished by directing laser beams or layered images on moving displays or by
using focused or intersecting laser beams that create voxel-emitting dots through fluorescence
or scattering. In doing so, they provide a wide viewing range and accurate alignment cues. Swept
volume-type volumetric displays are probably the best known, where very rapidly rotating or
translating screens are illuminated with laser beams to create a translucent or contour image.
The advantage of such swept volume type volumetric displays is that they produce images in
real, but closed three-dimensional space and thus provide full and continuous motion parallax”
(Lueder, 2012, p. 5).

Unlike traditional displays, volumetric displays allow a viewer to see images with depth and
volume by looking at them from different angles. Like holographic displays, this technology
enhances the perception of three dimensions, but the main difference is that the images actually
appear to have a physical volume. Volumetric displays create objects that can be seen from
many angles and appear to exist in the real world.

Kumagai and Hayasaki argues “Without physical displays, the colors of graphics and aerial
images are valuable as representations of three-dimensional information for developing display
technology to bridge the gap between real objects and graphics. Color aerial volumetric graphics
are produced by creating voxels using acoustic addresses and laser addresses” (Kumagai and
Hayasaki, 2021, p. 1), underlining the difference in creating three-dimensional visuals by
mentioning the technical features of volumetric display technology.

Medical visualization, medicine and screen technologies

Medical visualizations are created by professionals specializing in this field to enhance and
expedite the communication of information to physicians, patients, their relatives, and
healthcare professionals. Throughout the process, visualization artists collaborate closely with
specialist physicians to ensure accuracy and clarity. In this regard, medical visualization
emerges as an interdisciplinary effort, integrating expertise from multiple domains.
Concurrently, advancements in engineering continue to drive the development of more effective
display technologies. By leveraging modern display systems, medical visualizations aim to
achieve the most efficient and impactful presentation methods. In this study, it is clearly
observed that three different disciplines interact with each other. In their research on three-
dimensional display technologies in medical imaging, Zhao, Wei, and colleagues refer to the
interaction of the three disciplines as follows: “The medical industry has been developing rapidly
in recent years. Medical imaging research is becoming a hot research topic. Image-guided
surgery technology requires higher imaging quality and better vision effects to help diagnose
diseases, which is the goal of many researchers' and doctors' work. However, traditional medical
equipment usually only provides two-dimensional screen images. In this case, the images lack
depth cues, so that the images lose the stereoscopic feel. However, three-dimensional display
technology can provide depth cues to make images present the stereoscopic feeling so that
doctors can accurately diagnose and treat the lesion location” (Zhao, Wei, et al., 2013, p.210).

This article specifically addresses the collaboration between art, medicine, and engineering.
Medical visualization is a valuable field that emerged as a result of the interaction of these three
disciplines. Nowadays, it has become a necessity to inform physicians, medical staff, medical
students, and even patients and their relatives.
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Volumetric display and examples of its use in the medical field

Volumetric displays are devices that make three-dimensional images appear as if suspended in
mid-air over a physical space. These displays provide highly innovative applications in medicine
and medical fields, as they allow objects to be seen from different angles. Today, many
innovative companies bring hologram technology to the areas where it is needed. The medical
field is one of the areas where hologram use is necessary. Photohologram, a hologram
technology company, offers volumetric displays in different fields. As can be seen in Figure 6,
the company offers instant access to patients and instant and realistic visuals in education to
their target audience on their website.

Figure 10 The use of volumetric displays developed by the brand called Photo Hologram in the medical
field, Access: 19.10.2024, (Healthcare & Education — Proto (protohologram.com)

John Wallace, technical editor of Laser Focus World magazine, describes a study conducted at
the Fraunhofer Institute for Telecommunications, Heinrich Hertz Institute (HHI), and Klinikum
rechts der Isar University Hospital as follows: “The tests showed that three-dimensional
systems used in medical technology, including advanced three-dimensional glasses and
displays, have benefits once believed to be purely theoretical; even experienced doctors can
benefit from the latest generation of three-dimensional devices. Traditionally, doctors have been
highly skeptical of three-dimensional displays, but in tests conducted throughout the study,
nearly 50 surgeons responded positively to 3D systems, both with and without glasses.”
(Wallace, 2013).

- -
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Figure 11 A surgeon rehearses stitching a wound without direct vision. Access 10.11.2024
https://www.laserfocusworld.com/detectors-imaging/article/16560705/study-shows-3d-display-
technology-benefits-surgeons

As in Figure 11, it is common for doctors to make use of three-dimensional images when
suturing a wound. Compared to two-dimensional images, three-dimensional images facilitate
the work of doctors during the operation process.

Given their ability to project volume-filling autostereoscopic images, these displays are seen in
fields as diverse as medical imaging, mechanical computer-aided design, and military
visualization. The term autostereoscopic is used here to describe a display feature that allows
observers to experience the three-dimensional effect without the need for any additional
glasses. Barry Blundell and Adam Schwarz, developers of the cathode ray sphere volumetric


https://protohologram.com/verticals/healthcare-education/
https://www.laserfocusworld.com/detectors-imaging/article/16560705/study-shows-3d-display-technology-benefits-surgeons
https://www.laserfocusworld.com/detectors-imaging/article/16560705/study-shows-3d-display-technology-benefits-surgeons
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display, explain, “A volumetric display device allows visible radiation to be generated, absorbed,
or scattered from a series of localized and defined regions within a physical volume” (Blundell
and Schwarz, 2013, p.12).

Volumetric display technologies are developing around the world every day. Important
companies are working on this technology abroad. However, the awareness of this technology
has not yet become widespread enough in our country.

Figure 12 Volumetric display called Locus, developed by a company called Nativia in Turkey.

In Figure 12, a brain image was created as an example on the volumetric display called Locus,
developed by a company called Nativia.

Conclusions

The present study initially focuses on visual depth perception, which is critical for ensuring that
the visuals created are perceived as real. Following the establishment of this background, the
study examines the areas in which three-dimensional medical visualizations are used and their
associated importance. Through the use of medical visualizations, artists are guided by subject
matter experts and create scientific information in alignment with visual references using
appropriate software. The resulting visuals can be utilized for a variety of purposes within the
medical field. The significance of medical visualization lies in its numerous advantages,
including the facilitation of data sharing among medical professionals, patient and family
education, and the organization of healthcare professionals. Artists create medical
visualizations using scientific knowledge provided by experts in the field. This study investigates
the screen technology employed to present the animations created. The research findings
indicate that to achieve the most comfortable display technology, sufficient visual depth
perception is essential. The study examined the merits of volumetric display technology, a
contemporary and advanced technique. Volumetric display technology has been observed to
have a more comfortable visual presentation compared to wearable technologies. Three-
dimensional displays have been found to be more effective than traditional display technologies.
This study concluded that experts in the medical field need medical visualization to share their
knowledge with the necessary target audience. As a result of all these, it has been seen that art,
medicine, and engineering sciences interact in line with the presentation of these medical
visualizations with volumetric displays. In addition, it is concluded that it will contribute to both
medical education and literature as a result of the need for physicians to be aware of current
technologies.

Author contribution rates

Tst Author: %70, 2nd Author: %30, contributed to the study.
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Arastirma Makalesi Acik Erisim

Ug boyutlu medikal gorsellestirme ¢alismalarinin volumetrik ekranda
gosterilmesi’

Eda Erkan?® Banu Bulduk Turkmen?3

2T0BB ETU Mimarlik ve Tasarim Fakiiltesi, Gorsel iletisim Tasarimi Bolimii, Ankara, Tiirkiye; ® Hacettepe Universitesi, Giizel
Sanatlar Fakiiltesi, Grafik Bollim, Ankara, Tiirkiye.

OZET

Gorme duyusunun insanlar icin en onemli algisal mekanizma oldugu bircok bilimsel ¢alismada kanitlanmistir.
Gorsellestirmelerdeki yontemler gorsel algi ipuglari ile insan ve teknolojik cihazlar arasindaki etkilesime dayanan
veri aligverisi Uzerine odaklanmaktadir. Medikal animasyonlar teknolojinin gelismesi ile her gegen gin daha da
Onem kazanmaktadir. Bununla birlikte U¢ boyutlu gortnttileme ve ekran teknolojileri alaninda yeni yontemler hizla
gelismektedir. Tip uzmanlarinin ise yasanan bu gelismelerden haberdar olmaya ihtiyaglar vardir. Medikal iletisim
olarak degerlendirilebilen bu noktada teknolojik yenilikler onemli birer ara¢ haline gelmistir. Giderek genisleyen
medikal iletisimin hedef kitlesi igin yeni ve farkli yéntemler ortaya gikmaktadir. Ug boyutlu animasyonlar medikal
alanda bilinen en etkili iletisim yontemlerinden biri olarak kullaniimaktadir. Ug boyutlu animasyonlarin karmasik
bilgileri aktarmada basarili bir yontem oldugu birgok bilim insaninin arastirmasina konu olmustur. Bu
animasyonlar akilli telefonlar, tabletler televizyon ve bilgisayar ekranlarindan izlenebilmektedir. Medikal
animasyonlari goruntu ve derinlik algisi temeline dayanarak onemli bir teknolojik yenilik olan volumetrik ekran
teknolojisin tip biliminde kullaniminin yayginlasmasi gerektigi distntlmektedir. Bu makalede belirlenen inceleme
yontemi, nitel aragtirma tekniklerinden betimsel analiz olarak gelistirilmistir. Ug boyutlu gérsellestirmenin medikal
alanda hangi amaglarla kullanildigi betimsel analiz yontemiyle incelenerek gercege yakin gorintiler sunan
volumetrik ekranlarin  var oldugu dusundlen ihtiyacin anlasiimasi saglanmaya calisiimistir.  Medikal
gorsellestirmeler ile elde edilen goruntilerin medikal uzmanlara hasta ve hasta yakinlarina tip 6grencilerine ve
saglik galisanlarina konforlu ve etkili sunumu igin volumetrik ekran teknolojisinin bu gevreye tanitiimasi ve etkisinin
anlasiimasinin saglanmasi hedeflenmektedir.

ANAHTAR KELIMELER

Hologram, volumetric display, ¢ boyutlu animasyon, medikal gorsellestirme, holografik display.
Giris

Medikal alandaki gelismeler diinya genelinde yukselen bir artis egilimi gostermektedir. Gorsel
iletisimin birgok alani tip dinyasinda bilgi aktarimini kolaylastirmada yardimci rol oynamaktadir.
Egitim, hasta iletisimi ve cerrahi planlama gibi bircok onemli alanda elde edilen bilgilerin gorsel
iletisim yolu ile aktarilmaya ihtiyaci oldugu gorulmektedir. Ginimuzde bir¢ok tip uzmaninin
teorik bilgileri gorsellestirme yolu ile anlatmayi tercih ettigi gortlmektedir. Modern tip egitiminde
ve uygulamalarinda, daha gergekgi ve etkilesimli gorsellestirme ¢ozumlerine ihtiyag
duyulmaktadir. Bu durumla birlikte tip uzmanlari veri analizi yaparken belirli tibbi sorunlar i¢in
karar alma surecine yol gosterici tibbi gorsellestirme tekniklerine ihtiyag duyarlar. Bu
tekniklerden biri olan Ug boyutlu animasyonlar giderek yayginlasan bir gorsellestirme turu olarak
karsimiza gikmaktadir.

T Bu calisma, “Tipta Ug Boyutlu Animasyonlarin Holografik Ekranlarda (Hacimsel Gostergeler) Goriintilenmesi” baslikli sanatta
yeterlik tezinden dretilmistir.
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Ug boyutlu gorsellestirmelerin sunumu da igerigi kadar énemli bir unsurdur. Gunlik hayatta TV,
cep telefonu ve bilgisayar ekrani gibi geleneksel ekranlar kullanilmaktadir. Teknolojinin
gelismesiyle birlikte gesitli ¢ boyutlu ekran teknolojileri gelistirilmis ve bilim insanlari daha
gercekci ve etkili bir gorsel deneyim sunmak amaciyla her gecen gun farkl yontemler
arastirmaktadir. Modern U¢ boyutlu ekran teknolojileri kullanicilara onemli avantajlar
sunmaktadir. Artinlmis gergeklik, sanal gergeklik gibi teknolojiler giderek populerlik
kazanmaktadir. Holografik imajlari gerce@e yakin goruntdler Ureterek sunan volumetrik ekranlar
ise bilinirligi az olmakla birlikte dunya genelinde gittikce yayginlasan bir teknoloji olarak
karsimiza gikmaktadir.

Bu ¢alismanin amaci, medikal sektorde kullanilan d¢ boyutlu gorsellestirmelerin onemine dikkat
cekmek, uc boyutlu animasyonlarin medikal alandaki bilgileri aktarmada kullanilan énemli bir
gorsel iletisim kanali oldugunun altini gcizmek ve bu animasyonlarin daha etkili ve gercekgi bir
sekilde sunulmasini  saglayarak volumetrik ekran teknolojisinin  kullanimmin  onemini
vurgulamaktir. Makalede oncelikle derinlik algisi konusuna deginilmekte ve diger ekran turlerini
inceleyerek karsilastirmali bir analiz gerceklestiriimektedir.

Bu arastirma kapsaminda, tip uzmanlari ile gorsellestirme arastirmacilari arasindaki boslugu
doldurmayi amaglayan U¢ boyutlu animasyonlarin en etkili ekran teknolojisi ile sunulmasi
uzerine bir inceleme yapmaktadir.

Galismanin problemi tg boyutlu animasyonlarin medikal sektor galisanlari, tip 6grencileri, hasta
ve hasta yakini gibi bir kitleyi bilgilendirmek amaciyla daha etkili ve gergekgci bir sekilde sunulmasi
icin volumetrik ekran teknolojisinin kullaniimasi, bu teknolojinin hedef kitlesine tanitiimasi ve
literatlre kazandiriimasini saglamak olarak belirlenmistir.

Ayrica incelenen konu Ug¢ boyutlu medikal gorsellestirmelerin medikal alandaki onemi ve Ug
boyutlu ekran teknolojisi olan volumetrik ekranlarda sunumunun avantajlarinin arastirimasi ile
sinirlandinimistir. Bu eksende makale yazim surecinde birgok kitap, bilimsel calisma, makale, e-
kaynak gibi alanlarda arastirma yapilmis ve yontem olarak nitel arastirma yontemi kullanilmistir.

Arastirma konusu kapsaminda medikal gorsellestirmelerin G¢ boyutlu ekran teknolojisi ile
sunumunun 6nemi arastiriimistir. ilk asamada ¢ boyutlu derinlik ipuglarina deginilmistir. Birgok
arastirmaci etkili bir ekran dretimi yapmak igin bu ipuglarinin anlasiimasinin gerekliligini
savunmaktadir. Medikal animasyonun kullanildigi alanlar incelenerek, bu animasyonlara duyulan
ihtiyac vurgulanmak istenmistir. Ardindan Uc¢ boyutlu gorsellestirmeler ve volumetrik ekran
teknolojisi arasindaki iliski incelenmistir. Daha sonra diger Ug¢ boyutlu ekran teknolojilerinden
bahsedilmis ve volumetrik ekranlar ile medikal animasyonlar arasindaki iliski Uzerine
durulmustur. iki boyutlu ve ¢ boyutlu ekran teknolojileri incelenerek arasindaki farklar ve
avantajlarin anlasiimasi irdelenmek istenmistir. Son olarak volumetrik ekranlarin medikal
alandaki gerekliligi ve tip uzmanlarinin bdyle bir alana ihtiyac duydugu sonucuna ulasilmistir. U
Boyutlu algilamada derinlik ipuclari ve kullanim alanlari incelendiginde goruntuleri gercege yakin
sekilde algilama ipuclarina yer verilmektedir.

Yontem

Aragtirmanin deseni

Bu makalede belirlenen inceleme yontemi, nitel arastirma tekniklerinden betimsel analiz olarak
gelistiriimistir. Ug boyutlu gorsellestirmenin medikal alanda hangi amacglarla kullanildigi betimsel
analiz yontemiyle incelenerek gergege yakin goruntuler sunan volumetrik ekranlara olan ihtiyacin
anlasiimasi saglanmaya calisiimistir. Bu anlamda derinlik algisinin gergege yakin gortntuler elde
etmedeki temel islevi Uzerinde durulmustur. Daha sonra animasyonlarin medikal alandaki
kullanimi irdelenerek oneminin alti gizilmistir. Gorunttleme teknolojileri ile ilgili temel bilgiler
verilerek U¢ boyutlu medikal gorsellestirmelerin gercege yakin goruntuler sunan volumetrik
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ekranlarda sunulmasinin en etkili yontem olabilecedi ormek ve kiyaslamali agiklamalar ile
anlatilmistir.

Ug boyutlu algilamada derinlik ipuglar

Ug Boyutlu ekran teknolojileri bir dizi psikolojik ve fiziksel ipucunun sonuglarini ele alarak
olusturulur. Beynimiz ¢ boyutlu bir dinyada elde edilen iki boyutlu goruntuleri ekran teknolojileri
sayesinde gercegde yakin bir sekilde algilayabilmektedir. Derinlik ipuclari, bu goruntulerin nasil
algiladigini anlamamiza yardimci olan gorsel sinyallerdir. Geng fiziksel ipuglarinin nesneleri
tanimak ve psikolojik ipuclarinin ise ¢agrisim yaparak u¢ boyutlu alglyr olusturdugunu su sekilde
dile getirir ve bunu bir sema ile ifade eder (Gorsel 1).

“Bilgisayar grafikleri, d¢c boyutlu nesneleri goruntilerken G¢ boyutlu hissiyatimizi gelistirir.
Geligtirilmis bir Ug boyutlu gortnty, derinlik veya hacme sahip gibi gortinse de duz bir ekranda
iki boyutlu gorintilemenin dogasi geregi, yine de yalnizca iki boyutludur. insan gorsel sisteminin
dguncu boyutu tanimasi icin hem fiziksel hem de psikolojik derinlik ipuglarina ihtiyaci vardir.
Fiziksel derinlik ipuglan yalnizca gergek u¢ boyutlu nesneler tarafindan tanitilabilir; psikolojik
ipuglari iki boyutlu gorintiler tarafindan gagristirilabilir’ (Geng, 2013, s. 461).

Insan gozine iki boyutlu olarak yansiyan gorintiler gorilen nesneye dair birtakim
anlamlandirmalar ile G¢ boyutlu algi olusur. Zuniga ve Orero gorsel sistemden beyne toplanan
nesnelerin yaptigr cagrisimi su sekilde dile getirir.

“Retinamizda olusan goruntdler iki boyutludur. Mesafeyle ilgili tim bilgiler goriintiden ve gorsel
sistemden cikarilir. Bu bilgiler beyinde toplanir ve yeniden yapilandirilir ve nesnelerin yerinin,
isitsel sistemin bir sesin kaynagdini haritalayabilmesiyle ayni sekilde belirlenmesine olanak tanir”
(Zuhiga, Orero, 2013, s. 17).

Blundell ve Schwartz yaptiklari ¢alismada gortntuleme teknolojileri Uzerinde galisan kisilerin
derinlik ipuglarina hakim olmasi gerektigini su sekilde ifade eder:

‘Uc boyutlu gorintileme calismasi teknikler, cevreleyen ortam hakkinda derinlik bilgisi
edindigimiz gorsel tabanl mekanizmalar olan derinlik ipuglarinin bilgisini agikga kapsamalidir.
Derinlik ipuglari ve insan gorsel sisteminin anlasilmasi, gortntuleme sistemi teknolojileri
Uzerinde galisan ve gelistiren herkes igin temel bir baslangig noktasi olusturmalidir” (Blundell ve
Schwarz, 2013, s.7).

Derinlik algisi, gevremizdeki nesnelerin konumunu, uzakligini ve birbirleriyle iliskisini anlamamiza
olanak tanir. Bu surecte derinlik ipuclari olarak adlandirilan belirli ipuclari gereklidir, cunkd tek
basina gozlerimizin sagladigi bilgi cogu zaman yeterli degildir. Holliman “G¢ boyutlu gortinttleme
donanimi ve bunlarda gosterilen goruntuler igin gereksinimleri tanimlamak, yuksek kaliteli bir G¢
boyutlu goriintileme sistemi olusturmaya yonelik nemli bir ilk adimdir” (Holliman, 2017, s. 292)
sozleriile derinlik ipuclarinin kaliteli bir sistem yaratmadaki oneminin altini gizmistir.

Derinlik ipuclar, ¢evredeki nesnelerin tam olarak nerede bulundugunu anlasiimasini saglar.
Gorsel 1'de derinlik ipuclarinin fizyolojik ipuglari agisindan siniflandirimasina iliskin gortintd yer
almaktadir.

Accommodation(Focus): |

*@ Varable focus control |
,,

-

. Convergence: |
7:@ eSS ?::f@ independent controlof |

1 .?— eye's viewing direction ‘:

| ; Motion Parallax: !
P nearby objects appearto |
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L e Binocular dispariy (Stercol: |
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aspects of the same objects |

Gorsel 1 Derinlik ipuclarinin fizyolojik ipuclari agisindan siniflandirmasi (Geng, 2013, s. 462)
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Ornegin: Bir nesneyi tutmaya galismak, derinlik algisi olmadan kisinin kafasini karistirabilir.
Hareket eden nesnelerle etkilesimde bulunmak icin derinlik algisi gerektirir. Ornegin bir
futbolcunun hareket halindeki topa vurmasi derinlik algisi sayesinde olur.

Fiziksel Derinlik ipuglar Akomodasyon Derinlik ipucu gdziin baktig yere odaklanmak igin goz
merceginin egriligini degistirmesiyle olusan bir ipucudur. Goz, yakindaki bir objeyi gormeye
calistiginda mercek kaslari yuvarlak hale gelir. Daha uzaginda bir objeyi gormeye calisirken ise
mercek daha duz bir hale gelir.

‘Akomodasyon, insan gozunun, nesneleri farkli mesafelerde tutmak icin optik gucunu
degistirdigi ve retinada net bir odak olusturdugu mekanizmadir.” (Reichelt ve Haeusler, 2010,
s.2).

Bu sozlerden de anlasilacagi gibi beynin objelerin kisiye olan mesafesini tahmin etmesine
yardimci olan bu kasilmalar t¢ boyutlu derinligin algilanmasini saglar.

Yakinsama Derinlik ipucu her iki gozin, belirli bir nesneye bakarken birbirine dogru hareket etme
derecesini ifade eder. Gozler, yakindaki bir nesneye odaklanirken birbirine dogru doner; nesne ne
kadar yakinsa gozlerin birbirine dogru donmesi de o kadar fazladir.

“Bir nesnenin belirli bir noktasina her iki gozle baktigimizda, iki gorts ekseninin yaptidi aclya
yakinsama agisi denir. Agikgasi, bir noktaya bakmak igin gozbebeklerini biraz igeriye dondtrmek
icin kas gerginligi derinlik algisiigin bir ipucu verir. Bu iki gozle gorulen ipucuna yakinsama denir”
(Okoshi, 1976, s.49).

Sonug olarak beyin, gozlerin bu hareketini algilar ve nesnenin uzakligini bu bilgiye dayanarak
yorumlar.

Bir diger ipucu olan hareket paralaksi hareket eden bir kisinin hareket esnasinda gordugu
objelerin farkli hizlarda hareket ediyormus gibi algilamasi durumudur. Hareket paralaksi, derinlik
algisinda onemli bir rol oynar. Gozlerimizle ayni anda farkli uzakliklardaki nesnelere baktigimizda,
bu nesnelerin farkli hizlarda hareket ediyor algisi yaratmasi beynimizin derinlik ve mesafe algisini
gelistirmesine yardimci olur. Geng “Gozlemcinin hareketinden veya nesnelerin gorus alani
boyunca otelenmesinden kaynaklanan retinadaki goruntilerin goreli hareketi. Ornegin, bir
gozlemci uzaktaki bir nesneyi sabitlerken basini sola ve sada hareket ettirirse, daha yakin (sabit)
herhangi bir nesnenin uzakhgi ile gortntusunun retinadaki hareket hizi arasinda ters bir iligki
vardir. Gozlemciden farkli uzakliklarda gorus alaninda bulunan birgok nesnenin oldugu daha
karmasik bir durumda, basin her hareketi sirasinda retinada goreli gorintu hareketinin bir
gradyani dretilir" (Rogers, 1979, s. 125) sozleri ile Ug boyutlu algida hareket paralaksinin dGnemini
aciklamaktadir.

Binokuler Paralaks ise; iki goz bir nesneye bakarken her gozin birbirinden daha farkli bir gorintu
algilamasina neden olan durum olarak ifade edilir. Bu olay, beynin her iki gozden gelen
goruntuleri algilayarak t¢ boyutlu bir derinlik algisi olusturmasini saglar. Quian “Gorsel sistemin
retinal goruntulerdeki cesitli gorsel ipuclarindan tgtnct boyut olan derinligi ¢ikarabildigi iyi
bilinmektedir. Bu ipuclarindan biri, uzaydaki belirli bir noktanin iki retinal izdisimu arasindaki
konumsal fark olan binokuler uyumsuzluktur. Bu konumsal fark, iki goztin yanal olarak ayriimis
olmasindan ve dolayisiyla dinyayi iki hafif farkli bakis acisindan gormesinden kaynaklanir.”
(Quian, 1997, s. 359) sozleri ile gergekteki ¢ boyutlu gorintilere bakildiginda binokdler
uyumsuzlugun etkisini degerlendirmistir.

Okoshi binokuler paralaks icin yaptigi aciklamaya gore;

“Bir gozlemci bir nesne Uzerindeki bir noktaya baktiginda, o noktadan kaynaklanan isik isinlari
her iki gozde de retinanin merkezlerine odaklanir. Bu nedenle, goz ciftindeki iki fovea centralis'in
retinada "karsilik gelen pozisyonlar” verdigini ve bu pozisyonlara gore yakinsamanin belirlendigini
soyleyebiliriz. Ancak, bakilan nokta (fiksasyon noktasi) digindaki noktalardan gelen isik isinlari
her zaman retinadaki karsilik gelen pozisyonlara odaklanmaz. Bu etkiye binokduler disparite veya
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binokdler paralaks denir” (Okoshi, 1976, s. 51). Sozleri ile binokdler paralaks hakkindaki bilimsel
tanimlamayi basitge yapmaktadir.
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Gorsel 2 2 boyutlu monokdler gorinttlerden psikolojik derinlik ipuglari. (Geng, 2013, s. 463).

Psikolojik derinlik ipuglarindan biri olan dogrusal perspektif nesnelerin birbiri ile olan uzakliklarini,
boyutlarini ve yerlesimlerini goz onunde bulundurarak, iki boyutlu bir yizeyde Ug¢ boyutlu bir
mekan yanilsamasi yaratmaya dayanir. En basit agiklamasiyla perspektifte gordigumuz daha
uzaktaki nesneler kiglk, daha yakin nesneler ise buyuktlr ve hepsi bir veya daha fazla kacis
noktasina dogru birlesir. Geng bu ipucunu tren raylar ornegini vererek su sekilde agiklamistir:
“Dogrusal perspektif, G¢ boyutlu nesneler arasindaki goreceli mesafenin gorintmuddr; ornegin
ufukta uzak bir noktada birlesen demir yolu raylari yanilsamasi” (Geng, 2013, s. 462).

Bir diger psikolojik derinlik ipucu olan oklizyon derinlik algisinda onemli bir yere sahiptir. Bir
nesne diger bir nesneyi kismen kapatiyorsa bu nesneyi daha yakin olarak algilariz bu olay,
"okltzyon" olarak adlandirilir ve G¢ boyutlu bir dinya algisi olusturmamiza yardimci olur. Blundell
ve Schwarz bu durumu su sekilde aciklar: “Gozlemci ile ikinci bir nesene arasina yerlestirilen
opak bir nesne, ikinci nesnenin en azindan bir kismini gorunmez hale getirecektir. Bu ipucu
sayesinde beyin, kismen kapatilmis nesneleri araya girenlerden daha uzakta olarak yorumlar”
(Blundell and Schwarz, 2013, s. 13).

Golgeleme Bir ylzeyin Uzerine dusen 1sik, 0 yuzeyin sekline gore dagilir. Isigin yansidigi yuzeyler
daha parlak goriinurken, karanlikta kalan yizeyler daha koyu gorinur. Bu fark, nesnenin yizey
egrilerini, ovalligini, dlzIGgunu ve diger fiziksel detaylarini gozlemleyerek o nesnenin t¢ boyutlu
bir yapida oldugunu anlamamiza yardimci olur. Geng: “Bir nesnenin diderine yaptig
golgelendirme, guclu Ug boyutlu mekansal iliski ipuclart verir. Yogunluktaki degisiklikler, insan
beyninin bir nesnenin ylzey seklini ve yonelimini gikarmasina yardimcei olur “(Geng, 2013, s. 462)
sozleriyle golgelemenin insan beyni Uzerinde olusturdugu t¢ boyutlu alglya dikkat gceker.

Doku derinligi ile ilgili ipuglari bir nesnenin ne kadar gergekgi gortndtgune dair ipuglandir. Bir
yUzeyin U¢ boyut kazanmasina yardimci olur. Holliman: “Cakil taslarn veya ¢imen gibi sabit
buyuklikteki nesnelerin dokusu, retinada mesafeye bagl olarak boyut olarak degisecektir”
(Holliman, 2017, s. 5) sozleri ile dokusu olan nesnelerin dogru mesafede boyut degistirecedi
algisina deginmistir.

Uc boyutlu medikal gorsellestirme ve kullanildig: alanlar

Medikal gorsellestirmeler igin bircok arastirmaci Leonardo Da Vincinin galismalarini ornek
gosterir. Ancak bilimsel bir arastirma olarak ele alinmasi 1980'lerde baslamistir. Preim ve Bartz
bilimsel gorsellestirmelerin 6zel bir alan olduguna su sekilde dikkat geker:

“Tipta gorsellestirme veya kisaca tibbi gorsellestirme, 1980'lerin sonlarinda bir arastirma alani
olarak kendini kanitlamis ozel bir bilimsel gorsellestirme alanidir. Bilimsel gorsellestirmenin
kokleri gok yonludur; bir yandan, galismalarini dikkatlice hazirlanmis grafiklerle gosteren bilim
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insanlarinin uzun gelenegi, bilimsel gorsellestirmenin temelini olusturmustur” (Preim ve Bartz,
2007,s. 7).

Medikal gorsellestirme, elde edilen gortntu verilerinin analiz edilmesi, gorsellestirilmesi ve
incelenmesiyle ilgilenir. Bir taninin sorunsallarina cevap aramak, bir midahaleyi planlamak igin
olusturulan senaryo hastanin sorunlu uzuvlarinin gorinimini olusturmaktir. Ug boyutlu
goruntdler belirli yazilmlar aracihgiyla G¢ boyut sanatcilar tarafindan olusturulur. Ancak bu
gorsellerin etkili sunulmasi igin gerek duyulan teknoloji bilim insanlari tarafindan gerceklestirilir.
Bu durumda izleyicinin modern teknolojik cihazlarda izledigi goruntuler multidisipliner bir strec
olarak degerlendirilir. Pandey ve Singh calismalarinda “Multimedya ve ¢ boyutlu animasyon, tip
egitiminde daha derin anlayisi ve mekansal bilgiyi gelistirmek i¢in ortaya ¢ikan bir alandir. Bu
ilging teknoloji, tip egitiminin hem yatay hem de dikey entegrasyonunda kullanilabilir” (Pandey ve
Singh, 2019, s. 481) sozleri ile g farkli disiplinin birlikteligine deginir.

Gorsel 3 Bagparmak Cikintisi Ameliyati. Erisim: 20.11.2024, Ag: https://trinityanimation.com/animation-
medical

Bu surecte Preim ve Bartz medikal gorsellestirmenin uygulama alanlarini egitim, tani, tedavi
planlamasl, ameliyat sirasinda destek olarak 4 fakli tirden ele almistir.

Medikal gorsellestirme kavraminin egitimde kullanimi

Egitimde medikal gorsellestirme, tip 6grencilerine, saglik profesyonellerine ve arastirmacilara
karmasik anatomik yapilari, biyolojik surecleri ve hastalik mekanizmalarini daha iyi anlamalari
icin guclu bir 6grenme araci sunar. Geleneksel ders kitaplarindaki iki boyutlu cizimlerin aksine,
dc boyutlu medikal gorsellestirme teknolojileri, 6grencilerin insan vicudunu daha ayrintili ve
etkilesimli bir sekilde incelemelerine olanak tanir. Preim ve Bartz gorsellestirme tekniklerinin
egitimdeki yerini ve ¢ boyutunun onemini “Ozellikle, minimal invaziv cerrahi prosedurleri
kapsamli egitim gerektirir ve bu egitimde etkilesimli d¢ boyutlu gorsellestirme onemli bir rol
oynar. Genellikle, klinik olmayan veriler egitim amagli kullanilir “(Preim ve Bartz, 2007, s. 3) sozleri
ile aciklamaktadir.

Gorsel 4 Egitimde medikal gorsellestirme ve hologram kullanimi (Elmarash, Adrah ve Eljadi, 2021, s. 8)
Erisim: 20.12.2024

Gorsel 4 ‘te oldugu gibi Holoscope-i, BT ve ultrason taramalarina dayanarak hastanin
anatomisinin  bir goruntustnu olusturmakta ve cerrahin bu goruntuyud ciplak elle
inceleyebilmesini saglamaktadir.


https://trinityanimation.com/animation-medical
https://trinityanimation.com/animation-medical
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Medikal gorsellestirmede tani

Medikal gorsellestirme ve tani, tibbi gortuntuleme teknikleri kullanarak vicut ici yapilari inceleme
ve hastaliklarin tespiti amaciyla yapilan bir tibbi alani ifade eder. Bu surec, doktorlarin ve
radyologlarin hastaliklara tani koymasina ve tedavi planlamasina yardimci olur. U¢ boyutlu
gorsellestirmeler bu sureci daha etkili ve anlasilir kilmaktadir. Zhou, Fan ve arkadaslar ozellikle
Uc¢ boyutlu gorsellestirmenin onemini verdigi ornekle aciklar:

“Tibbi gortntuler modern tip icin olmazsa olmazdir ve gorsellestirmede onemli bir arastirma
konusudur. Ancak, tip uzmanlar genellikle veri analizindeki yeteneklerini artirabilecek ve belirli
tibbi sorunlar igin karar alma surecine yardimci olabilecek birgok gelismis Uc boyutlu (3B) tibbi
goriintl gorsellestirme tekniginin farkinda degildir. “(Zhou, Fan ve digerleri, 2007, s.4).

Zhou, Fan ve arkadaslarinin bu sozlerinden de anlasilacagi gibi 3 boyutun medikal gorselleri
analiz edip tani koyabilecekleri bilgileri elde etme konusunda 3 boyutlu gorsellestirmelerin
onemine dikkat cekmistir. Gorseller medikal alanda oldukga onemli bir yere sahiptir ve artik
bircok hekim sorun ¢cozmede bu yontemden faydalanmaktadir.

Medikal gorsellestirmede tedavi planlamasi

Tedavi planlamasi modern tip teknolojilerinin kullanildigr ve hastalarin saglik durumlarini daha
iyl anlamalarina, doktorlarin ise daha etkili ve kisisellestiriimis tedavi planlari gelistirmelerine
yardimci olan bir surectir. Bu surecte farkli gortuntileme teknikleri ve yazilimlar kullanilarak
hastanin anatomik yapilari ve patolojik durumlari daha net bir sekilde gorsellestirilir. Bu teknikler,
tani surecini hizlandirnrken, tedaviye yonelik daha isabetli kararlar alinmasini saglar. Hastanin
tani konulmasi gereken organlari 3 boyutlu olarak modellenir. Preim ve Bartz in

“Tedavi planlamasi. ilgili anatomik ve patolojik yapilarin etkilesimli 3 boyutlu gorsellestirmeleri,
cerrahi mudahalelerin, radyasyon tedavisinin ve minimal invaziv middahalelerin planlanmasini
gelistirebilir. Patolojik lezyonlar ile risk altinda olan yasamsal yapilar arasindaki mekansal iligkiler
3 boyutlu gorsellestirmelerle daha iyi degerlendirilebilir” (Preim ve Bartz, 2007, s. 4).

Sozlerinden de anlasilacagr gibi Uu¢ boyutlu gorsellestirmeler tedavi planlamasinda etkili bir
yontem olarak kullaniimaktadir.

Medikal gorsellestirmenin ameliyat sirecine destegi

Ameliyat sirasinda Ug boyutlu gorsellestirme cerrahlarin operasyonlari daha kontrollu bir sekilde
yapmalarina yardimei olur. Ozellikle zorlu cerrahi islemlerde daha iyi bir net bir goris agisi sunar
ve cerrahlarin kararlarini kontrol etmesine yardimei olur. Preim ve Bartz “U¢ boyutlu verilere
dayali tibbi gorsellestirme, giderek daha sik olarak ameliyathaneye giriyor. Ameliyat oncesi
edinilen goruntuler ve ameliyat sirasindaki goruntuler, bir mtdahale sirasinda destek saglamak
icin entegre edilir. Bu tlir uygulamalar igin esnek ve akilli ekranlara ihtiyag vardir” (Preim ve Bartz,
2007, s.4) sozleriile lig boyutlu tibbi gorsellestirmenin giin gegtikge 6neminin artmakta oldugunu
vurgular ve ekran teknolojisinin de dneminin altini gizer.

Gorsel 5 3 Boyutlu kalp medikal gorsellestirme. Erigim: 20.11.2024, Ag:
https://smarttek.solutions/blog/3d-modeling-in-medicine/
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Gorsel S'te oldugu gibi iki boyutlu goruntdler t¢ boyutlu gorsellere donusturtlerek paralaks
goruntuler olusabilmesi sayesinde hekimlerin tim detaylara hakim olabilmesi sonucu tedavi
planlamasinda uzmanlar tarafindan kullaniimaktadir.

Teknolojik medikal cihazlarn tanrtiimasi

Medikal alanda her gin yeni bir gelismeye sahit olmaktayiz. Uzmanlar bir taraftan birgok
hastaligin tedavisi igin yeni tedavi yontemleri aramaya devam ederken, muhendisler hekimlere
yardimci olacak yeni teknolojik cihazlar igin yeni yontemler arastirmaktadir. U¢ boyutlu
gorsellestirme sanatgilari ise bu uygulamalar icin gorseller hazirlamaktadir. Ornegin biyomedikal
muhendisleri tip uzmanlarinin tani ve tedavi sureclerine yardimci olabilmek igin cihaz ve
teknolojiler uretirler. Kara, biyomedikal mUuhendisliginin gecmis ve bugununt arastirdigl
galismasinda:

‘Biyomedikal muhendisleri insan vicudunu modelleyebilmek icin matematiksel argtimanlar
kullanirlar. Boylece klinik bulgulari daha dogru yorumlayarak vicut fonksiyonlarini daha iyi
anlamaya imkan saglamis olurlar. Biyomedikal muhendisleri ayni zamanda hastaliklara tani
koyabilmek icin viicuttan bilgi toplayabilen cihaz ve sistemler tasarlarlar” (Kara, 2010, s. 1).

Sozleri ile bu muhendislik dalinin tip i¢in dnemini aktarmistir.

Mduhendislerin tasarladigi bu cihazlarin medikal toplantilarda diger doktorlara tanitimini
saglamak icin d¢ boyutlu gorsellestirmelerden faydalanilir. Bircok medikal firma cihazlarinin
tanitimi igin bu yonteme basvurmaktadir. “Dahasi, tibbi animasyonlar genellikle yiizey modelleri
olarak temsil edilen adli animasyonlardaki cerrahi aletler veya araglar gibi ek 6deler igerir” (Preim
ve Meausche, 2020, s. 145) sozleri ile medikal alandaki animasyonlardaki cerrahi arag ve
gereclere deginmistir. Bu yeni teknolojik cihazlar medikal konferanslarda hekimleri
bilgilendirmek i¢in kullanilmaktadir.

Sonug olarak t¢ boyutlu medikal animasyonlar butun medikal streclerde kullanilabilmektedir.
Uzmanlar bu animasyonlardan faydalanmaktadir. Bu ¢alismanin amaglarindan biri olan g
boyutlu animasyonlarin gosterimlerinde kullanilan ekran turlerinin tanitiimasi da onem
tasimaktadir. Ancak bu animasyonlarin yapimi kadar sunumu oldukca 6énem tasimaktadir. Ug
boyutlu animasyonlarin d¢ boyutlu ekran teknolojileri ile sunulmasi hekimlerin bu surecte
gercekgi goruntuler elde etmesini saglamakta ve sureci daha kontrolli yonetmesine yardimci
olmaktadir. Bu ylzden bir sonraki asamada Ug¢ boyutlu ekran teknolojilerinin tanitiimasinin uygun
olacagl dusunulmaustdr.

iki boyutlu ve ii¢ boyutlu gériintiileme teknolojileri

Gunluk hayatta kullandigimiz televizyon, telefon ve bilgisayar monitoru gibi ekranlar goruntuyu
sadece iki eksende sunmaktadir. Bu ekranlarda goruntiyu olusturan noktaciklar bulunmaktadir
ve bu noktalara pixel adi verilir. Televizyon teknolojisini anlattigi ¢calismasinda Kale'nin de dile
goruntlyu butun olarak gortriz ancak ayni resmi nokta sayisini artirmadan sadece nokta
boyutunu artirarak buyuttugumuzde cogu kisi goruntude ne oldugunu anlayamayacaktir.
Goruntuyu olusturan bu noktalara piksel adi verilir. Bir piksel mavi, yesil ve kirmizi renklerdeki
pargalardan olusur” (Kale, 2010, s. 81). CRT, LCD ve Plazma gibi monitorler iki boyutlu monitor
teknolojileri olarak karsimiza gikar. Rikabad'in da belirttigi Uzere “LCD, arka 1s1gin 6niine monte
edilmis iki boyutlu, elektro-optik bir 1sik modulatortdur. Isik, iki polarize film arasina monte
edilmis ince bir Nematik sivi kristal tabakasina bir elektrik alani uygulanarak her piksel icin
modiile edilir (Rikabad, 2008, s. 2).

Gelisen teknoloji ile brlikte ¢ boyutlu ekran gesitleri ortaya ¢ikmis ve birgok farkli alanda popdler
hale gelmistir. Sanal gergeklik, artiriimis gergeklik, holografik ekran ve volumetrik ekranlar ¢ok
fazla kullanici tarafindan tercih edilmektedir. Malinowska ve arkadaslari sanal gerceklik Uzerine
yaptiklar arastirmada “Ginimizde Sanal Gergeklik (VR) kullanan galismalar, VR'nin gorsel
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deneyler icin standart iki boyutlu gorunttleme ortamlarina gore ekolojik ortamin daha iyi bir
yaklasimi olmasi nedeniyle bliyik populerlik kazanmaktadir” (Malinowska vedigerleri, 2024, s.
01) sozleriile Gg boyutlu yeni teknolojilerin Gnemini vurgulamaktadir.

Bircok arastirmaci iki boyutlu goruntileme ekranlarinin daha etkili hale getirilebilecegi
konusunda yapilan arastirmalarin 6nemine deginmistir. Lisle ve arkadaslari ekran teknolojileri ile
ilgili yaptiklar arastirmada Ug¢ boyutlu ekran teknolojilerinin  6nemini sayisal verilerle
aciklamaktadir.  “Yillar boyunca, bircok deney sanal ortamlardaki ve goruntileme
teknolojilerindeki algisal sorunlari arastirdi. 184 deneyden Ug boyutlu gortntuleme teknolojilerini
degerlendiren calisma govdesini sentezled ve uU¢ boyutlu ekranlarin deneylerin %75'inde iki
boyutlu emsallerinden daha iyi performans gosterdigini buldular. Bizim 06zel kullanim
durumumuz igin, U¢ boyutlu ekranlar derinlik algisi galismalarinin %57'sinde iki boyutlu
ekranlardan daha iyi performans gosterdi” (Lisle Merenda ve digerleri, 2019, s. 2).

Ayni sekilde yine d¢ boyutlu gortnttleme teknolojisi olan hologramlar guninmuzde bircok
alanda kullaniimaktadir. izleyicinin ekrandaki gortintyl parlaks yani 360 derece gorilebilmesine
olan taniyan bu teknoloji egitim, pazarlama, muzecilik, medikal gibi bircok alanda karsimiza
cikmaktadir. ElImahal ve arkadasladi hologramlar ile ilgili yaptiklarn calismada “U¢ boyutlu
goruntuleme teknolojisi, nesneleri goruntilemenin geleneksel yontemlerindeki sorunlar ¢ozmek
icin gelismis bir ¢ozum olarak ortaya ¢ikmistir; insanlara, insan gozunun dogal gorinumune
benzer sekilde seylerin daha kapsamli bir gorunimund ve agiklamasini saglar, G¢ boyutlu
nesneler, fotograf ve video gibi basit yollarla veya yeni teknolojiler kullanilarak daha karmasik bir
sekilde gosterilir (Elmahal ve digerleri, 2020,s. 91) sozlerine yer vererek hologramlarin
geleneksel teknolojilerden farkinda deginmistir.

Gorsel 6 Medikal Gorlinttintn Klasik Ekranda Gosterimi. Erisim: 07.03.2025
https://www.avalonholographics.com/news/trendhunter-3d-experiences-via-holographic-displays

Gorsel 7 Displaying Medical Image on Volumetric Screen. Access: 07.03.2025
https://www.avalonholographics.com/news/trendhunter-3d-experiences-via-holographic-displays

Gorsel 6 'da goruldtgu uzere sunulan medikal gorsel U¢ boyutlu olsa da sunum iki boyutlu bir
ekranda yapildidi igin Ug boyut algisi Gorsel b'deki kadar etkili olmamaktadir. Gorsel 7'de U¢
boyutlu derinlik algisi daha fazla hissedilmektedir.


https://www.avalonholographics.com/news/trendhunter-3d-experiences-via-holographic-displays
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Medikal gorsellestirmede ii¢ boyutlu ekran teknolojileri

Bircok arastirmaci gorsel derinlik ipuclarini kullanarak insan i¢in en konforlu teknolojiye ulagsmak
igin calismislardir. Uretilen ti¢ boyutlu gorintler her ne kadar kaliteli olursa olsun eder sunulan
ekranlar iki boyutluysa paralaks goruntuyu elde etmek imkansizdir. Reichelt, Haussler ve ¢alisma
arkadaslari i¢ boyutlu ekran teknolojilerinin degerini ve dnemini “Gunudmuzde bilgi aligverisinin
buyuk olcude gorsel temsile dayandigi bir iletisim toplumunda yasadigimizi dustndugumduzde,
is veya eglence icin gunde uzun saatler kullandigimiz ekranlarin gogunun iki boyutlu bir
gorintlyle iyi geginmesi sasirticidir” (Reichelt, Haussler ve digerleri, 2010, s. 1) sozleri ile ifade
ederek Ug¢ boyutlu teknolojinin artik bir ihtiyag haline geldigini ifade eder.

Ug boyutlu ekran teknolojisi ile ilgili galigmalar gok eskilere dayanmaktadir. ingiliz bilim insani Sir
Charles Wheatstone 1838'de ilk kez stereoskopik goruntu teknolojisini tanitmistir. Bu teknoloji,
iki farkli acidan cekilmis fotograflarin bir araya getirilmesiyle izleyicinin G¢ boyutlu bir gortntu
algilamasini saglamistir. Reichelt, Haussler ve arkadaslari bu alandaki ilk arastirmalarin tarihini
su sekilde degerlendirir:

“Ekranlarda Uc¢ boyutlu sahneleri gorsellestirmek icin cesitli teknolojiler teknolojik olarak
gosterilmis ve yenilenmistir. Gelisimsel tarihleri 1838'de icat edilen Wheatstone stereoskobuna
kadar uzanir. Bunlar arasinda, otostereoskopik ve stper ¢oklu gorintd ekranlarinin daha da
gelistirilmis hali olan en yaygin stereoskopik ve goklu goruntu ekranlar ailesi yer alir. Entegre
gorintileme, giderek daha poptler hale gelen bir diger teknolojidir” (Reichelt, Haussler ve
digerleri, 2010, s. 1)

Bu calismada ekran teknolojinin kisa teknik ozelliklerinden bahsedilip ornekler verilerek
galismanin amacinin daha iyi anlasilacagr dusunulmektedir. Reichelt, Haussler ve c¢alisma
arkadaslari Uc¢ boyutlu ekran teknolojisi siniflandirmasi incelenerek volumetrik ekran
teknolojisinin diger ekranlardan farki agiklanmak istenmektedir.

Binokdler Paralaks icin Stereoskopik (¢ Boyutlu Gosterimler her iki goze ayri gorinti saglayan
ekranlardir. iki farkli gorinti olusturularak derinlik algisi yaratilir ve bu sayede ¢ boyutlu bir
deneyim saglanir. Lueder: “Bir goz yalnizca duzlemsel bir goruntua algilayabildiginden, G¢ boyutlu
gorunttleme genellikle her iki gozun is birligi yaparak her goze nesnenin bir gordntisunu
saglamasiyla elde edilir. Gozlerin ayni nesneden aldigi gortntuler, gozlerin farkli konumlarina
gore farkhdir” (Lueder, 2012, s. 1) sozleri ile binokdler ekranlarin temelini olusturan ipucunu
aclklar. Bu ekranlar, gorselde oldugu gibi 6zellikle sanal gergeklik (VR) ve artiriimis gergeklik (AR)
cihazlarinda kullanilir. Reichelt ve Haussler gozluk gerektirmeyen otostereoskopik ekranlar ile
ilgili: “Gozluk (pasif: anaglif veya polarizasyon; aktif: LCD deklansorli gozlikler) gerektiginde,
ekranlara stereoskopik denirken, otostereoskopik ekranlar rahatsiz edici gozlik gerektirmez.”
(Reichelt, Haussler ve digerleri, 2010, s. 5) sozleri ile teknik 6zelliklerinden bahsetmislerdir.
Gorsel 4'te VR Gozluk Modellerine yer verilmistir.

® T A

Gorsel 8 VR gozliik modelleri (Pan, Xu ve Cambell, 2021, s.4).

Entegre goruntuleme ekranlari ise giyilebilir cihazlar kullanmadan U¢ boyutlu goruntulerin
algilanmasini saglayan bir teknolojidir. Bu teknoloji, 1sik alanlarini yakalayip yeniden uretir ve 3
boyutlu dinyadaki nesnelerden yayilan 1sigin yansima seklini taklit eder. Holografik ekranlarin
temel prensibi Ug boyutlu gortntulerin yansitiimasi ile olusan derinlik hissi yaratmaktir. Gorsel
5'te oldugu gibi Holografik ekranlar goruntuyu izleyiciye farkl agilardan gostererek gergek bir tg
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boyutlu bir gosterim ortaya cikarir ve bu durum holografik ekranlar diger geleneksel iki boyutlu
ekranlardan ayirir.

Gorsel 9 2D display and hologram in medical visualization hologram (Qahtan ve Salih, 2017, s. 22).
Luader holografik ekranlarin teknik ozelliklerini su sekilde ifade eder.

"Holografi, karmasik bir genlik seffafligina (genlik ve faz degerleri) sahip, iki boyutlu bir ekrandan
iki boyutlu sahnenin yeniden Uretilebildigi yonlendirme tabanli tutarli bir goruntuleme teknigidir.
Holografik gortntuler, tutarl 1s1g1 module ederek, ornegin bir uzaysal isik modulatortyle, uzayda
tic boyutlu sahnenin dalga alanini yeniden olusturur. Ustiin yetenekleri nedeniyle, gercek zamanli
holografi genellikle ideal tig boyutlu teknigi olarak kabul edilir” (Lueder, 2012, s. 5).

Volumetrik ekran teknolojisi iki veya U¢ boyutlu goruntdlerin fiziksel bir alanda serbestce
gorulebilmesini saglayan ekran turtdur. Lueder’in acikladigi gibi volumetrik ekranlarda olusan
goruntuler gercekte var olanla es deger niteliktedir.

“Gergek hacimsel ekranlarda, bir sahnenin her noktasi uzaydaki ger¢ek konumunda olusturulur
ve bu, hareketli ekranlarda lazer isinlari veya katmanli goruntiler yonlendirerek veya floresan
veya sacllma yoluyla voksel yayan noktalar olusturan odaklanmis veya kesisen lazer isinlari
kullanarak gerceklestirilebilir. Bunu yaparken, genis bir goruntileme araligi ve dogru uyum
ipuclar saglarlar. Supurdlmus hacim tipi hacimsel ekranlar muhtemelen en iyi bilinenlerdir,
burada ¢ok hizli donen veya cevrilen ekranlar yari saydam veya kontur bir gortuntt olusturmak
icin lazer 1sinlariyla aydinlatilir. Bu tlr tarama tipi hacimsel ekranlarin avantaji, gergek, ancak
kapall U¢ boyutlu uzayda goruntld dretmeleri ve boylece tam ve surekli hareket paralaksi
sa@lamalaridir” (Lueder, 2012, s. 5).

Geleneksel ekranlarin aksine, volumetrik ekranlar bir izleyicinin farkli acilardan bakarak derinligi
ve hacmi olan goruntuleri gormesine imkan tanir. Bu teknoloji holografik ekranlar gibi G¢ boyut
algisini artinr ancak temel farki gordntdlerin gercekten fiziksel bir hacmi varmis gibi
gorunmesidir. Volumetrik ekranlar birgok acidan gorulebilen, gercek dinyada varmis gibi duran
nesneler olusturur.

Kumagai ve Hayasaki “Fiziksel ekranlar olmadan grafiklerin ve hava gordntdlerinin renkleri,
gercek nesneler ile grafikler arasindaki boslugu doldurmak icin gorintlleme teknolojisi
gelistirmek amaciyla U¢ boyutlu bilginin temsilleri olarak degerlidir. Renkli hava hacimsel
grafikleri, akustik adresler ve lazer adresleri kullanilarak vokseller olusturularak uUretilmistir”
(Kumagai ve Hayasaki, 2021, s. 1) sozleri ile volumetrik ekran teknolojisinin teknik 6zelliklerinden
bahsederek U¢ boyutlu gorselleri olusturmadaki farkinin altini gcizmektedir.

Medikal gorsellestirme, tip ve ekran teknolojileri iliskisi

Medikal gorsellestirmeler hekimlerin, hastalarin, hasta yakinlarinin, saglik c¢alisanlarinin
bilgilendirilmesini kolaylastirmak ve hizlandirmak amaci ile bu alanda uzmanlasmis profesyonel
kisiler tarafindan yapiimaktadir. Gorsellestirme sanatcisi calistigi stre¢ boyunca, konunun
uzmani hekim tarafindan bilgilendirilmektedir. Bu anlamda medikal gorsellestirmeler iki farkli
disiplinin etkilesimi ile saglanabilmektedir. Muhendislik alanindaki calismalar her gecen gun
daha etkili ekran teknolojileri icin calismaktadir. Medikal gorsellestirmeler ise en etkili sunum
yontemine ulasmak icin modern ekran teknolojilerini kullanmaktadir. Bu galismada Ug farkli
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disiplinin birbiri ile etkilesim halinde oldugu net bir sekilde gozlemlenmistir. Zhao, Wei ve ¢alisma
arkadaslari medikal gortntulemedeki U¢ boyutlu ekran teknolojileri hakkinda yaptiklari
arastirmada ug disiplinin birbiri ile etkilesimine su sekilde deginir:

“Tibbi endustri son yillarda hizla gelismektedir. Tibbi goruntileme arastirmasi sicak bir arastirma
konusu haline gelmektedir. Goruntu kilavuzlu cerrahi teknolojisi, birgok arastirmaci ve doktorun
calismasinin amaci olan hastaliklari teshis etmeye yardimci olmak icin daha ytksek
goruntidleme kalitesi ve daha iyi gorls etkisi gerektirir. Ancak, geleneksel tibbi ekipmanlar
genellikle yalnizca iki boyutlu ekran goruntileri saglar. Bu durumda, gortntuler derinlik
ipuclarindan yoksundur, boylece gortintller stereoskopik hissi kaybeder. Ancak, U¢ boyutlu
ekran teknolojisi, gorintilerin stereoskopik hissi sunmasini saglamak icin derinlik ipuclari
saglayabilir, boylece doktorlar lezyon yerini dogru bir sekilde teshis edebilir ve tedavi edebilir”
(Zhao, Wei ve digerleri, 2013, s.210).

Bu makale sanat, tip ve muhendislik bilimlerinin birlikte galismasi hususuna ozellikle deginir.
Medikal gorsellestirme bu d¢ disiplinin birbiri ile etkilesimi sonucu ortaya ¢ikan degerli bir alandir.
GuUnUmuzde hekim, saglik personeli, tip 6grencileri, hatta hasta ve hasta yakinlarini bilgilendirme
hususunda bir ihtiyag haline gelmistir.

Volumetrik ekran ve medikal alanda kullanimina ornekler

Volumetrik ekranlar d¢ boyutlu goruntulerin fiziksel bir alan tUzerinde havada asiliymis gibi
gorunmesini saglayan cihazlardir. Bu ekranlar, nesneleri farkli agilardan gorebilme imkani
sundugu icin tip ve medikal alanlarda oldukga yenilik¢i uygulamalar saglar. GUntumuzde birgok
yenilik¢i sirket hologram teknolojisini ihtiyag duyulan alanlarla bulusturmaktadir. Medikal alan
hologram kullanimin gerekli oldugu alanlardan birdir. Photohologram adl hologram teknolojileri
firmasi gelistirdikleri volumetrik ekranlari farkl alanlarda hizmete sunmaktadir. Gorsel 6'da
goruldugu Uzere firma hastalara aninda ulasim, egitimde anlik ve gergekgi gorsellerle egitim
olanagi sunduklari cihazlarini web sitelerinde hedef kitlesine sunmaktadir.

Gorsel 10 Photo Hologram adl marka tarafindan gelistirilen volumetrik ekranlarin tip alaninda kullanimi
Erisim: 19.10.2024, Web: Healthcare & Education — Proto (protohologram.com)

Laser Focus World dergisinin teknik editori John Wallace Fraunhofer Telekomunikasyon
Enstitusd, Heinrich Hertz Enstittst (HHI) ve Klinikum rechts der Isar Universite Hastanesi'nde
yapilan bir arastirmayi su sekilde anlatiyor:

“Testler, gelismis U¢ boyutlu gozlikler ve ekranlar da dahil olmak Uzere tibbi teknolojide
kullanilan Gg¢ boyutlu sistemlerinin, bir zamanlar tamamen teorik olduguna inanilan faydalari
oldugunu gosterdi; deneyimli doktorlar bile son nesil U¢ boyutlu cihazlardan faydalanabilir.
Geleneksel olarak, doktorlar G¢ boyutlu gortntilere oldukga sipheyle yaklagmislardir, ancak
calisma boyunca yapilan testlerde yaklasik 50 cerrah hem gozlikle hem de gozlikstz 3 boyutlu
sistemlere olumlu yanit verdi” (Wallace, 2013).


https://protohologram.com/verticals/healthcare-education/
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Gorsel 11 Bir cerrah, dogrudan goriis olmadan bir yarayi dikme provasi yapiyor. Erigsim: 10.11.2024
Ag: https://www.laserfocusworld.com/detectors-imaging/article/16560705/study-shows-3d-display-
technology-benefits-surgeons

Gorsel 11 ‘de oldugu gibi bir yarayl dikmeye calisan doktorlarin g boyutlu gorintulerden
yararlandigi sik sik rastlanir bir durumdur. Iki boyutlu goruntilere gore Ug boyutlu gorintiler
operasyon surecinde doktorlarin igini kolaylastirmaktadir.

Hacim dolduran otostereoskopik gorinttler yansitma yetenekleri goz onune alindiginda, bu
ekranlar tibbi gorunttleme, mekanik bilgisayar destekli tasarim ve askeri gorsellestirme gibi
cesitli alanlarda gorulmektedir. Burada, gozlemcilerin herhangi bir ek gozlige ihtiyag duymadan
u¢ boyutlu efekti deneyimlemelerini  saglayan bir ekran ozelligini tanimlamak igin
otostereoskopik terimi kullaniimaktadir. Katot i1sin kiresi hacimsel ekraninin gelistiricileri Barry
Blundell ve Adam Schwarz, "Bir hacimsel ekran aygiti, fiziksel bir hacim icindeki bir dizi
yerellestiriimis ve belirlenmis bolgeden gorinir radyasyonun Uretiimesine, emilmesine veya
sagilmasina izin verir” (Blundell ve Schwarz, 2013, s.12) seklinde agikliyor.

Volumetrik ekran teknolojileri dinya genelinde her guin gelismekte olan teknolojilerdir.
Yurtdisinda bu teknoloji Uzerine c¢alismalar yapan onemli sirketler bulunmaktadir. Ancak
ulkemizde bu teknolojinin bilinirligi henlz yeterince yayginlagsmamistir.

Gorsel 12 Turkiye'de Nativia Adli sirket tarafindan gelistirilen Locus adh volumetrik ekran.

Gorsel 12'de Nativia Adli sirket tarafindan gelistirilen Locus adli volumetrik ekranda bir beyin
gorseli ornek olarak olusturulmustur.

Sonug

Bu c¢alismada ilk olarak gorsel derinlik algisi Uzerinde durulmustur. Gorsel derinlik algisi,
olusturulan gorsellerin gergekmis gibi algilanmasi saglamaktadir. Bu arka plan olusturulduktan
sonra Ug¢ boyutlu medikal gorsellestirmelerin  kullanildigi alanlar incelenerek 6neminin
algilanmasi saglanmistir. Tibbi gorsellestirmeler aracilidi ile sanatgi konunun uzmani tarafindan
yonlendirilerek ve gorsel referanslar dogrultusunda bilimsel bilgileri uygun yazilimlar aracihgi ile
olusturmaktadir. Ortaya ¢ikan gorseller medikal alanda bircok farkli amac igin kullanilabilir.
Medikal gorsellestirme tip uzmanlari meslektaslarina elde ettikleri gincel verileri paylasmak,


https://www.laserfocusworld.com/detectors-imaging/article/16560705/study-shows-3d-display-technology-benefits-surgeons
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hasta ve hasta yakinini bilgilendirmek, saglik ¢alisanlarini organize etmek ve tip 6grencilerinin
egitim surecini kolaylastirmak gibi onemli avantajlara sahiptir. Medikal gorsellestirmeler
sanatcilar tarafindan konunun uzmanlarinin sagladigi bilimsel bilgiyi referans alarak olusturulur.
Bu galismada olusturulan animasyonlarin sunulacagi ekran teknolojisi arastiriimistir.  Yapilan
arastirmalarda en konforlu ekran teknolojisine ulagsmak icin gorsel derinlik algisi yeterliliginin
saglanmis olmasi gerektigi sonucuna ulasiimistir. Calisna modern ve guncel bir teknoloji olan
volumetrik ekran teknolojisinin avantajlarini arastirmistir. Volumetrik ekran teknolojisinin
giyilebilir teknolojilere kiyasla daha konforlu bir gérsel sunuma sahip oldugu gézlemlenmistir. U
boyutlu ekranlarin gercege yakin sundugu goruntuler geleneksel ekran teknolojilerindenden
daha etkili oldugu gorulmustur. Bu galisma medikal alandaki uzmanlarin bilgilerini gerekli hedef
kitle ile paylasmasi noktasinda medikal gorsellestirmeye ihtiya¢c duydugu sonucuna ulasmistir.
TUm bunlarin neticesinde bu medikal gorsellestirmelerin volumetrik ekranlar ile sunumu
dogrultusunda sanat, tip ve muhendislik bilimlerinin etkilesim halinde oldugu gordlmustur.
Ayrica hekimlerin guncel teknolojilerden haberdar olmasi gerekliligi neticesinde hem tip
egitimine hem de literature katki saglayacagl sonucuna varilir.

Yazar katk oranlari

Calismaya 1. Yazar %70, 2. Yazar %30 oraninda katki saglamistir.

Cikar catigsmasi beyani

“Uc Boyutlu Medikal Gorsellestirme Calismalarinin Volumetrik Ekranda Gosterilmesi” baslikli
makalemizin herhangi bir kurum, kurulus, kisi ile mali ¢ikar ¢catismasi yoktur.
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