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RESUMO 

A análise de imagens médicas 3D e das estruturas anatómicas contidas requer a visualização 

de qualquer perspectiva desejada. Apesar dos métodos convencionais utilizarem rato e 

teclado, pode ainda ser uma tarefa difícil, principalmente porque uma interface 2D é utilizada 

para interagir com um objecto 3D. Frequentemente os utilizadores esforçam-se por obter a 

orientação correcta para a imagem 3D, obtendo o resultado desejado após várias tentativas. 

Em cenários cirúrgicos, como os procedimentos se têm tornado progressivamente mais 

dependentes de sistemas de imagens digitais para navegação, referências, diagnóstico e 

documentação, há uma procura por melhores formas de interacção. O ambiente cirúrgico é 

exigente sendo que se levantam várias limitações aos utilizadores, maioritariamente devido a 

limites entre aspectos estéreis e não-estéreis que tipicamente caracterizam estes ambientes, 

forçando os médicos a interagir com o software de forma indirecta, o que pode resultar em 

erros e atrasos, levando a potenciais complicações médicas. Nós propomos uma interface 

espacial baseada em gestos para controlar a posição e a orientação de uma imagem 3D. 

Gestos das mãos e do corpo são directamente mapeados para movimentos 3D do volume, 

descartando a necessidade para uma interface física e requer apenas uma interface gráfica 

minimalista. O nosso objectivo é permitir uma manipulação de imagens 3D rápida e fácil, dando 

ao utilizador controlo do volume como se estivesse a interagir com um objecto físico. 

Resultados indicaram que com uma boa consciência espacial e familiaridade com controlos 

gestuais, estas técnicas são capazes de obter melhores resultados do que com rato e teclado. 

 

 

Palavras-chave: Imagens 3D, Kinect, Cirurgia, Interacção sem toque, Interface Espacial, 

Educação Anatómica 
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ABSTRACT 

Analyzing 3D medical images and the anatomical structures they contain, demands 

visualization from any desired perspective. Although conventional methods use mouse and 

keyboard based controls, it can still be a difficult task, mainly because a 2D interface is used to 

interact with a 3D object. Often users struggle to obtain the right orientation of a 3D image, only 

achieving the desired view after several attempts. When it comes to surgical scenarios, as 

procedures have become increasingly reliant on digital imaging systems for navigation, 

reference, diagnosis and documentation, there is a demand for improved interaction design. 

The surgical environment is demanding as several user experience limitations appear, mainly 

due to boundaries between sterile and non-sterile aspects that typically characterize such 

environments, forcing physicians to interact with the software in an indirect manner, which can 

result in miscommunications and delays, leading to potential medical complications. We 

propose a spatial interface based on touchless hand gestures to control the position and 

orientation of a 3D image. Hand gestures and body postures are directly mapped to 3D 

movements of the volume, discarding the need for a physical interface and require only a 

minimalistic graphics user interface. Our goal is to allow for an easy and rapid manipulation of 

3D images, giving the user control of the volume as if they were interacting with a real physical 

object. Results have indicated that with a good spatial awareness and familiarity with motion 

controls, this approach can yield better result then what is possible with a mouse. 

 

Keywords: 3D images, Kinect, Surgery, Touchless Interaction, Spatial Interface, Anatomical 

Education 
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CHAPTER I 

1 INTRODUCTION 

1.1 MOTIVATION 

Despite being able to move in three dimensions, volume manipulation is often difficult since most 

visualization systems use the traditional mouse and keyboard controls, which are limited to two 

dimensional movements. This lack of freedom in control often makes it difficult to obtain specific 

orientations of the volume, requiring more time to obtain the desired result or using more complex user 

interfaces and controls. 

When physicians analyze medical images, any relevant information or any conclusions made by them 

are then transmitted by a report consistent of their findings. This report is then used as a basis for 

planning treatment and surgery by other doctors, and their contents are of the upmost importance for 

patient care, so a thorough and comprehensive interpretation of the data is essential.  

With progressively better techniques available to represent volumes based on medical images 

it becomes increasingly important to have effective ways of exploring and analyzing that information 

(Mühler, Tietjen, Ritter, & Preim, 2010) 

Improvements in both machinery and techniques have led to increasingly better results when 

obtaining medical images (Polidais LLC, 2006), allowing  rendered volumes to become more accurate 

and valuable in both an educational and medical context (Yao, 2013) (Diepenbrock, Praßni, 

Lindemann, Bothe, & Ropinski, 2011),giving the users a better understanding of the volumes 

presented and a better visual awareness. 

Motion controls with movement tracking cameras have also become increasingly popular and 

dependable, such as the Kinect One and its use of Infra-Red depth cameras (Lachat, Macher, Mittet, 
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Landes, & Grussenmeyer, 2015), allowing us take advantage of three dimensional movements while 

avoiding the need to wear motion tracking equipment.  

This makes it easier for educational use and essential for clinical use inside of the operatory 

block, since equipment, movement and interaction are limited due to the need to maintain sterility 

boundaries, making touchless interactions a powerful alternative to traditional controls and the focus of 

several scientific research projects.  

Several methods and equipment have been developed to take advantage of three dimensional 

motion and gestures for interacting with volumes but they require either complex or cumbersome 

controls.  Interaction becomes even more complicated when the interface is heavily dependent on the 

window-icon-menu-pointer (WIMP) approach or requires a long sequence of actions to obtain a 

desired result. 

The use of custom hardware for obtaining better results is also limited by the costs associated 

with these devices, which makes them less viable for amateur or educational use, and cumbersome 

for professionals, were speed and ease of use are of critical importance.  

The surgeons, who need to maintain sterility in the surgical block during a procedure, are then 

forced to often rely on other personnel to explore and manipulate images in their stead, which comes 

with several drawbacks and potential complications (O’Hara et al., 2014). The limited equipment and 

movement allowed in a sterile environment, along with limited equipment the surgeon can wear, as to 

not limit their movement, are the main limitation to solving this problem.  

The main question raised by this thesis in then: Can Spatial User Interfaces (SUI) improve a 

users’ ability to manipulate and explored medical volumes, when compared to the traditional WIMP 

approach?  

New alternatives to the traditional volume manipulation approaches will be explored with the 

goal of moving towards touchless, three dimensional interaction with medical volumes, with the aid of 

depth cameras such as the Kinect and the use of Voxel Explorer, an application developed for 

manipulating volumes using SUI. 

The goal is to achieve this while maintaining asepsis during surgery and not limiting the 

surgeons’ ability to perform is functions by becoming too cumbersome or requiring complex 

movements. Furthermore, through the development of the application MirrorMe, we aim to explore the 

educational potential of these techniques, in order to provide users with no anatomical background an 

interactive tool for anatomical awareness and exploration, providing a better understanding of human 

anatomy. 
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1.2 THESIS STRUCTURE 

In this thesis, we will be focusing on the development, benefits and limitation of using a touchless 

tracking system for manipulating geometrical properties, such as position and orientation, of a 

volumetric representation of medical data. This thesis is structured to represent the natural evolution 

of ideas when implementing and searching for new techniques, as each new section focuses on 

solving the problems left behind by previous approaches and determining what are the major 

limitations that should be taken into account by future works. 

 

The next chapter will explore the State of the Art of volume manipulation and visualization, 

where the main setup found in hospitals and clinics is described along with the problems and 

limitations that result from the use of this setup. This next chapter also presents several definitions and 

background information that serve as a basis for both the work developed in this thesis and the related 

work by other entities, where they attempt to fix some shortcomings presented by the State of the Art, 

while discussing their own limitations and benefits.  

 

In Chapter 3 the methodology behind the work developed during this thesis is presented in an 

attempt to overcome the limitations presented by the state of the art and other works. The resources 

and setup are explained and justified, along with functionalities that were implemented in Voxel 

Explorer and MirrorMe. 

 

The layout and goals of the user tests are presented in Chapter 4, along with the objective results 

measured during the tests and the subjective results obtained from the surveys filled out by the test 

subjects. The subjective and objective results obtained during the tests are presented separately. This 

chapter also focuses on the professional opinion presented by several entities to which Voxel Explorer 

and MirrorMe were presented. 

 

Finally, Chapter 5 is dedicated to the discussion of the results obtained in Chapter 4, where the 

main benefits and shortcomings of the presented applications are highlighted. Possible future 

research subjects that can take advantage of the results obtained are presented and discussed before 

presenting the final conclusions of this thesis. 
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1.3 MAIN SCOPES AND OBJECTIVES 

The main objective of this thesis is to explore the capabilities of touchless interaction in the 

manipulation of medical images, the improvements it may present and the possible scenarios it can be 

applied to. To achieve this objective, a goal was set to develop an application that allows the 

manipulation of rendered volumes, based on real-life medical images obtained from patients, using the 

Kinect One depth camera capabilities. This thesis will require the use of several skills acquired during 

the Biomedical Engineering Course, and the use of new tools such as Unity3D and C# programming 

language, to accomplish several intermediate goals: 

 

- Use real-life images to render a volume based on accurate medical data 

 

- Create a minimalistic interface suited to interaction with motion controls. 

 

 

- Map three dimensional hand movement and gestures to functions and controls in virtual 

space. 

 

- Develop tools and techniques that are regularly present in volume rendering applications. 

 

- Evaluate user response and performance to the developed interface. 

 

- Obtain feedback from medical professionals. 

1.4 CONTRIBUTIONS 

The main contributions of this thesis to the Medical and Biomedical communities are: 

 

- New interactions techniques based on touchless, three dimensional movements, for volume 

manipulation. 

 

- Voxel Explorer, an application that allows for volume manipulation with a single depth sensor 

camera. 

 

- Volume manipulation approaches that are applicable in a dynamic and sterile environment. 

 

- MirrorMe, an application that allows for the touchless exploration of anatomical information, 

using the human body. 

1.5  LIST OF PUBLICATIONS 

Parreira, Pedro; Mendes, Ana Rita; Simões, Daniel Lopes; A. Jorge, Joaquim (2015), Design de 

Funções Transferência para Imagens Médicas 3D recorrendo a uma Interface baseada em Esboços, 

SciTecIN'15 - Ciências e Tecnologias da Interação, Coimbra, Portugal 
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CHAPTER II 

2 BACKGROUND 

In this chapter, the state of the art of the technology commonly employed in clinical practice will be 

explored, highlighting limitations associated with its use, along with a technical background that serves 

as a basis for this thesis and for the related work performed on this subject. 

 

2.1 STATE OF THE ART  

 

Visualization of medical images is a daily necessity in a clinical context, as it serves as an essential 

role in several medical procedures, from diagnostics to surgery, even in education as tool for students. 

Thus, a versatile and capable system for storing and viewing medical data is needed. 

 

 

 

Figure 1 - General structure of a PACS network. PACS clients can be any device with 

appropriate viewing software. 

 

The medical imaging system most commonly used in a clinical context is a Picture Archiving 

and Communication System (commonly known, and hereafter referred to, as PACS), which provides 

storage and visualization software that allows physicians to analyses, report on and archive a variety 

of medical images obtained from numerous medical imaging techniques. Typically, a PACS network 
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consists of a central PACS server, which stores a database containing the images, and of multiple 

clients that can retrieve and display these images on medical imaging software.  

While a single server can be used to store images (provided it is large and robust enough to 

handle the data), a number of devices can be used to access these images, provided they are 

outfitted with a suitable image viewer. In medical imaging, most images are stored in DICOM (Digital 

Imaging and Communications in Medicine) format, as the standard.  

The devices used to access these images are generally computer terminals, equipped with 

high resolution screens, a mouse and keyboard, which the physicians use on a regular basis. 

While scientific visualization typically deals with datasets that define structures in 3D space, 

image acquisition is done primarily, and more often, in slices. In most techniques, an image is 

captured as a slice along the body of the subject, human or otherwise, and subsequent images are 

acquired along the length of the region of interest. 

 

 

 

 

 

 

 

While the primary focus of most imaging software is the visualization of these slices as 2D 

images, reconstruction of a 3D model is often useful, but limited to the same set of controls, most 

commonly the mouse and keyboard. This means that the user is forced to manipulate volumes, a 

three dimensional object, while mouse input is only two-dimensional, forcing one to map 2D inputs as 

3D manipulations for several data-types and exploration techniques. 

 

 

 

Figure 2 - Images acquired in CT and MRI are 

usually displayed as slices of the patient’s 

body. 
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Figure 3 - Traditional WIMP display for volume rendering applications. Using Volview, 

version 3.4, from Kitware. (Volview, 2015)  

 

Measuring lengths, angles and adding labels are tools commonly employed in image 

visualization systems. When manipulating volumes, tools like clipping planes along canonical and 

arbitrary axis are also available, along with more elaborated and complex tools such as exploded 

views and cutting techniques. (Bruckner & Gröller, 2006)(Chi-Wing, Goh, & Ma, 2013) 

However, a lot of these very specific commands are hard to execute without 3D controls, 

requiring cumbersome and/or complex controls with the mouse, resulting in time consuming and 

difficult to accomplish tasks. 

 

 

2.2 PROBLEM STATEMENT 

 

With the increase in the number of functions available, and the complexity of these functions, user 

interfaces have become increasingly cluttered and difficult to navigate. The WIMP layout usually 

employed in traditional interfaces has served mouse inputs for a long time, but this approach has 

become less desirable as it can compromise user experience and performance (Teather, 2008). 

But user interface and controls are not the only limiting factor for interaction, since the context in 

which the software is used can also affect how well the user is capable performing a given task.  
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2.2.1 SURGICAL ENVIRONMENT 

 

Surgical procedures have become increasingly reliant on a range of digital imaging systems, but the 

need to maintain boundaries between sterile and non-sterile aspects of the surgical environment gives 

rise to numerous new challenges when the surgeon needs to interact with the images. Specifically, 

physical contact is limited due to the possibility of contamination by transfer of contaminated material 

to the sterile area, so input devices such as mouse, keyboard and even touch screen surfaces are of 

limited use in these environments. 

 

 

Figure 4 - Surgeon forced to interact with the image software away from the surgical 

table (O’Hara et al., 2014) 

 

 

These limitations are often the cause of difficulties for the surgical staff, since one of the main 

solutions is the aid of a second member of the surgical team to manipulate images at the surgeons’ 

request, even though this can interfere with the surgeons’ ability to interpret and analyze medical 

images. This can result in errors and inefficiencies, which in turn can result in medical complications, 

leaving patient and the staff at risk. 

The need for a more direct form of manipulating images has led some surgeons to flick their 

medical gowns over their hands to be able to use the mouse, since the interior of the gowns are non-

sterile, just like the mouse, allowing them to keep the mouse from touching any sterile surface such as 

the hands or the outside surface of the gown. This practice however is not free of risk, and while it 

may be justified for non-evasive procedures, it is unappropriated for more invasive ones.  

Furthermore, the surgeon is still required to move towards the image terminal, which also may result in 

delays and complications during surgery. (O’Hara et al., 2014) 
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2.2.2 INFORMATION ASYMMETRY 

 

In 1963, Stanford University professor Kenneth Arrow argued that the market for medical care is 

inherently flawed because of asymmetric information.(Matsushima et al., 1989) When confronted with 

a medical condition, the patients’ ability to understand the severity and extent of the problem heavily 

depends on the doctors’ ability to convey that information. The lack of formal or even informal 

education on the matter provides a great hindrance towards an effective communication, and since 

patients are often limited to the same medical images as their doctors, a visual interpretation of the 

problem is often difficult. 

The asymmetry of information between patients and their doctors is often an obstacle to an 

effective treatment. If a patient is unaware or incapable of understanding the extent of their condition, 

they may postpone or even refuse the necessary treatment, especially if such a treatment appears to 

be extreme.  

In other words, what a patient needs for informed decision making in using medical care is not 

just health information per se, but the ability to understand, interpret, and analyze the health 

information or medical knowledge (Lim, 2007). 

While the development of interaction techniques and image visualization may be of great 

value in a clinical environment, the ability to convey information effectively to a patient can change that 

patients’ perception of his situation, and effectively change their decision making.  

Whether the goal is to convey medical information to a patient during decision making or as an 

educational tool for students, research into new interaction technologies should take into account their 

potential application outside of the surgical scenario, such that less knowledgeable users may be able 

to use them as well. 

 

 

As a result of these problems and limitations, several systems have moved away from the 

traditional layout to better take advantage of new forms of interaction, especially when a third 

dimension of interaction is required. 

 

The question raised by this thesis is: Can Spatial User Interfaces (SUI) be, with the use of a 

single Kinect One camera, an improvement over traditional WIMP interfaces for volume manipulation? 

And, can this improvement lead to a better exploration and interpretation of medical data? 
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2.3 BACKGROUND DEFINITIONS  

 

This section serves as an introduction and exposition of terms and concepts that serve as a basis for 

this thesis and some of the related work presented.  

 

2.3.1 BIMANUAL GESTURAL INTERFACE 

 

When using motion controls for interaction purposes, one must take into account the nature of the 

interaction, and how to define how this interaction will be carried out. Specifically, when the user is 

required to use both hands as the source of interaction, we must determine how each hand will 

interact with the interface. 

In this regard, Yves Guiards’ work with the Kinematic Chain theory (Guiard, 1987) serves as a 

powerful basis for designing a bimanual system, along with several experimental studies on the 

subject of human computer interaction (Latulipe, 2006).  In his work, Guiard studied examples of real-

world human bimanual interactions and observed a difference in the work performed by the two 

hands, but in a structured manner. From these observations, some principles were defined and a 

model known as the “kinematic chain model” was created. In this model, the right hand operates in a 

spatial reference frame that is dependent of the left hand, and thus the left hand usually precedes the 

actions of the right hand, with both of them operating in different spatial and temporal scales of motion. 

Several other works have built upon Guiards’ contribution, with varying results. Ulinski (Ulinski, 

Wartell, Goolkasian, Suma, & Hodges, 2009) devised experiments that tests user performance under 

several instances of volumetric interaction, taking into account symmetry and synchronicity, and 

concluded that users feel a lower ease of use when using asynchronous or asymmetrical controls, 

although ease of use and performance both increased with user experience in all cases. 

Guimbreti`ere (Guimbretière, Martin, & Winograd, 2005) and Kabbashl (Kabbash, Buxton, & 

Sellen, 1994) have explored the benefits that can be obtained by using two-handed interaction, in 

merging command selection and direct manipulation, such as when the result resembles the action 

performed in everyday tasks. 

However, and as the previous authors also note, caution must be exercised when designing 

two-handed interfaces, since poor interaction techniques and metaphors may end up decreasing 

performance, suggesting that  techniques which assign independent subtasks to each hand are of 

these sort.  
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2.3.2 SYMMETRIC AND ASYMMETRIC HAND GESTURES  

 
Symmetric interactions are performed when the two hands contribute to a task in an equal manner, 

regardless of synchronicity. Alternatively, when each hand performs a different sub-task, the type of 

interaction is defined as asymmetric. 

 

A real-life example that contrasts these two cases could be the task of driving the car; if both 

hands are on the wheel, they are performing a symmetrical interaction with the car. However, if one 

hand is on the wheel while the other one is changing gears, the interaction will be asymmetrical.   

 
Guiards’ work has laid the foundation for several research projects and studies regarding 

asymmetric interactions (Kabbash et al., 1994) (Veit, Capobianco, & Bechmann, 2008) (Balakrishnan 

& Hinckley, 2000), while research in symmetrical interfaces is more limited and requires further study 

(Latulipe, 2006). Nevertheless, these studies have laid the foundation for bimanual interaction, upon 

which the majority of the research developed by this thesis and other related work has been built 

upon. 

 

 

 

2.3.3 SUI VS WIMP  

 
With a greater number of functionalities and objects available to the user, researchers have looked for 

an alternative to the traditional window-icon-menu-pointer (WIMP) interfaces, since these can become 

easily cluttered and difficult to navigate, turning their attention towards Spatial User Interfaces (SUI). 

A group of researchers at IBM Almaden Research Center have attempted to determine the 

effect in user performance of displaying icons using 3D representations and environments, when 

compared to the traditional 2D display (Dryer, Selker, Zhai, & Jose, 1998). They concluded that users 

would search for and acquire objects if they were displayed in 3D and in a realistic interface, rather 

than a regular 2D display. In fact, both the representation of objects in 3D and the realistic display 

contributed additively to improve user performance. 

The use of SUI has also shown to have a positive effect in enhancing user awareness and 

understanding (Lee, 2005) in a variety of environments in the real world. This can be of great benefit 

for educational applications, where a correct interpretation of the data and of the tasks at hand is 

necessary to assimilate information.   
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2.3.4 DEPTH SENSOR CAMERA 

 
While several movement tracking techniques have been developed to accurately track the position of 

bodies, the use of depth cameras has also been the focus of attention for its ease of use.  

The Kinect One is an accessory for Microsoft's Xbox One game console which contains an 

array of microphones, a depth camera using structured light, and a color camera. The Kinect is 

intended to be used as a touch-free game controller, tracking the body or bodies of players inside its 

field of view. 

Most cameras work by projecting 3D objects in real space onto a 2D image plane along 

straight lines going through the camera's optical plane of view, but the distance that a 3D point 

"travels" along its line of projection is lost in the 2D display.  

 

A 3D camera like the Kinect provides the missing bit of information by determining the 3D 

point's distance along its projection line.  By knowing a 2D pixel's projection line and a distance along 

that projection line, it is possible to project each pixel back into a 3D space, possibly reconstructing the 

original 3D object. 

The Kinect contains an active-sensing depth camera that uses a structured light approach 

(using an infrared LED laser and a micromirror array), which sends depth images of 512*424 pixels at 

a framerate of up to 30 frames per second with a field of view of 70 degrees horizontally and 60 

degrees vertically. (Lachat et al., 2015) 

Dedicated software uses a series of machine learning algorithms to map a series of joints to 

the object. The position and orientation of each joint is then saved as a variable at each frame, 

accessible via code and the Kinect’s SDK. This skeletal frame created by the Kinect is used as a basis 

for interaction in this thesis and many of other related works.  

 

 

 
Figure 5 - Kinect V2 Joint ID Map. This represents all of the joints and bodies detected 

by the Kinect (http://vvvv.org/documentation/kinect) 

http://en.wikipedia.org/wiki/Structured-light_3D_scanner
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Unfortunately, the Kinect itself also presents some disadvantages, since despite being able to 

determine the position of the bodies’ joints accurately, the position of each joint is determined with a 

fair amount of noise, making them difficult to use when precision is required. This limitation is 

especially noticeable when dealing with the orientation of each joint, where the results can be very 

unreliable. 

To use the Kinect, three major requirements are needed: Windows 8 (or above) operating 

system, Kinect SDK version 2 and a USB 3.0 port for connecting with the Kinect. Thus the setup need 

to operate the Kinect is limited to a computer terminal and the Kinect camera, along with the 

appropriate cables that are made available with the camera.  

 

 
 

Figure 6 - The Kinect setup consists of a Kinect camera and a PC running Windows 8 

and Kinect SDK 

 

2.3.5 EXPLORING VOLUMES IN AN EDUCATIONAL CONTEXT 

Volumetric representation and exploration of volumes in not only a valuable subject in a medical 

context, it is also important as a tool for education. 

Columbia University has developed an effort to implement a biomedical imaging informatics 

curriculum in the Department of Biomedical Informatics, in an attempt to train interdisciplinary experts 

to better take advantage of the data currently available, which as seen limited use due to its size, 

complexity and the need of individuals with knowledge of image processing, computer graphics, 3D 
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visualization, anatomy, cognitive psychology, computational linguistics and multimedia. (Imielinska & 

Molholt, 1996) 

 

However, other projects have been developed in smaller scales, such as a group of four 

students from the University of Calgary are at the head of a project that aims to bring to the stage a 

75-minute journey through the brain, combining scientific storytelling and the latest in computer 

volume visualization.  They aim to incorporate biomechanics and physiology to create interactive 

models of the human anatomy, adding life and health sciences to high end computer graphics, 

resulting in a powerful education tool. (Thibeault, 2014) 
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2.4 RELATED WORK 

  
Several works have taken advantage of motion capture techniques, using IR cameras or other 

peripherals, to improve interactivity and visualization of medical volumes in a three dimensional 

environments, resulting in numerous new approaches to solving this problem. 

One of these approaches is virtual reality, and while it has played a significant role in 

entertainment, several entities have focused on VR as a tool for business, such as Oblong (Oblong, 

2015) who take virtual reality technologies and use them to create innovative workspaces for a variety 

of goals. These technologies have become increasingly more common with technologies such as Real 

Sense (Intel, 2015), which comes with several Intel devices, making them more accessible and 

lowering the barrier of entry for people who are interested in them. 

Microsoft as attempted to use the HoloLens (Fingas, 2015) to visualize three dimensional 

medical data as a teaching tool for exploring anatomical structures, allowing users to see how each 

organ functions within the context of their immediate surroundings. The main goal of this approach 

would be to rely less on human cadavers and allow students to perform simulations in low stress 

environments with minimal consequences.  

Some have taken the idea further, using head mounted displays such as the Oculus Rift and 

Samsung Gear VR so that surgeons can oversee the operating theater from the eyes of the consulting 

surgeon (MedicalRealities, 2015). This type of approach gives users a greater sense of immersion and 

awareness of anatomical structures and environments, all while taking advantage of real life 

scenarios. 

However, with the use of these technologies, a great limitation is always present: interaction is 

limited to non-existent. While it may allow users to view the surgical block in a more immersive way, its 

use is similar to that of a video feed. Cumbersome and limited use shortens the applications if these 

technologies, even if they have the potential to be good educational tools. 

The growing presence of these technologies in the marketplace has led to several academic 

studies that aim to take advantage of them to increase their range of applications. 

 

A project developed by Marner (Marner, Smith, Walsh, & Thomas, 2014) tries to solve this issue 

by doing away with helmets or glasses, and instead taking advantage of spatial interfaces. Surfaces 

around the room are used as projection canvases to distribute and display information, turning the 

entire room into a workspace with the goal of obtaining a similar immersive effect as VR.  However, 

this requires previous knowledge of the environment and a considerable setup prior to use, making it 

difficult to implement under short notice or in dynamic environments.  

Some projects have tried to improve interactivity in VR environments, building on top of 

technologies such as the ones presented previously, which is the case with the Come Here project 

(Come Here, 2015) which has used the traditional VR helmets for visualization and an exterior camera 

that captures hand gestures and positions. This would allow users to manipulate and interact with 

volumes, without the need for peripherals to be held, resulting in a more natural way of interaction. But 
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the need to wear the VR helmet is still cumbersome and a noticeable limitation when the goal is ease 

of use or applications in a professional environment. 

 

Other studies have focused more on manipulation of data, aiming for specific and precise 

interactions with data sets, while not compromising on visual information and interpretation. Laha and 

Bowman (Laha & Bowman, 2013) have attempted to segment a data volume without the loss of 

context or distortion of the volume, associated with focusing on a point of interest. Thus, they aimed to 

implement a bimanual interaction based on the metaphor of cracking open a volume, aptly named 

Volume Cracker. 

  

 

Figure 7 - User inspecting a dataset with Volume Cracker. This setup requires two 

controllers and glasses for stereoscopic view. (Laha & Bowman, 2013) 

 

They achieved this by closing both of their hands (through the use of dedicated hardware) and 

separate both pieces of the volume, without any loss of data. The results were encouraging, with 

users reporting ease of use and quick learning of the tools. This type of interaction and controls would 

be extremely difficult with traditional controls, and obtaining similar results with mouse and keyboard 

would be considerably difficult. 

However, this type of interaction depends heavily on dedicated peripherals and hardware. This 

becomes limiting due to the costs associated with acquiring and utilizing this kind of setup. The 

cumbersome nature of the equipment necessary is also a major limitation, which complicates practical 

applications of this type of technology.  

Simpler approaches have been attempted, focusing easier ways of interacting with volumes 

without the need for complex or cumbersome peripherals. 
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As a way of making equipment less cumbersome, companies such as Gestureplux have 

created relatively small wrist bands that take advantage of EMG and accelerometers to interpret users’ 

movements and map them to commands. (Plux, 2015) 

This allows the physicians to operate software using simple hand gestures and no need for 

calibration for the users. However, the main limitation of this type of device is amount of freedom it 

conveys to the user. Since the users are limited to simple hand gestures, each gesture may only be 

used for a simple command, meaning that when more complex commands are required the user may 

need to use either a larger variety of gestures, which can become confusing for the user and less 

effective for the device, or they may need to employ a large number of gestures to obtain the desired 

result, turning navigation and analysis of images a timely and cumbersome task in either scenario. 

These limitations are extended to similar technologies that employ simple hand gestures, but 

do not track the position of the hands themselves, limiting the degrees of freedom available to the 

user. 

 

Noticing these faults, some systems have taken steps to move away from wearable 

equipment, while still making interaction with volumes as natural and fluid as possible, and several 

entities have given their contribution towards this goal.  

In his Masters’ thesis, Brendan Polley (Polley, 2014) has attempted to use simple hand 

gestures to interact with volumes generated from medical images with is project, Form and Function 

3D. A sensor placed underneath the hand can detect gestures, the hands position and orientation. 

While simpler and less obstructive, this setup still requires a dedicated space near the screen, making 

it necessary for the surgeon to move next to the screen to operate the images, making it less desirable 

for use during surgery. 

Smaller sensors may be used to make this approach more desirable, such as the Soli project 

from Google (Saul, 2015) which makes use of sonar to identify fine movement of the hands with no 

need to wear any equipment and the detector is a simple and small chip. Soli can be used for 

detecting more specific, finer movement of the hands when compared to the previous case, but still 

requires the use of custom hardware and must be interacted with at short distances. While it serves to 

solve some of the problems imposed by the surgical block, it may still become cumbersome. Further 

research concerning the applications of this technology is necessary, as it is still in early stages of use. 

  
Another way to track movement is by using depth cameras, such as the Kinect One (Kinect v2 

or simply Kinect). This gives us a very versatile tool for tracking body movement, since these cameras 

are able to adequately detect depth, movement and even detect and distinguish body parts of an 

individual.  

Thus far, this technology has been well explored in video games and similar interactive media, 

but its capabilities have also been used to explore ways of establishing new interfaces and improving 

interactivity with new mechanics, or simply finding new ways of using existing tools, looking at old 

problems from a new perspective and giving them a greater potential.  

The Kinect, unlike other technologies used for a similar purpose, has the advantage of being 

less costly, and more easily available, with some documentation readily available and an expensive 
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community of users. It also provides a way of interacting with elements inside a virtual environment 

when using VR equipment. 

Because of these advantages, several entities have taken advantage of the Kinect to further 

develop applications in a clinical environment. For example, the company Gestsure (Gestsure, 2015) 

has taken advantage of the Kinect to create an easy to use system that allows surgeons to interact 

with their image viewing software using simple hand gestures to explore image slices during surgery. 

Academically, these applications have been further explored, available in open-source systems (Gallo, 

2015).  

Microsoft itself has taken steps into similar applications (O’Hara et al., 2014), taking into 

account not only the needs of the physicians during surgery, but also the socio-technical concerns at 

play when designing this type of technology, giving further insight into the trials and tribulations inside 

the surgical block.  

Unfortunately, most of these projects focus on using the Kinects capabilities to simply emulate 

the standard mouse and keyboard controls, maintaining a WIMP framework and focusing on 

observing 2D slices. While some volume rendering is presented, manipulating volumes is still done 

using emulated 2D controls, not taking full advantage of the Kinects three dimensional controls.  

 

In the pursuit of an immersive and interactive environment for exploring volumetric 

representations of medical images, several technologies and techniques have been developed with 

different approaches and focuses, some on interaction, some on visualization, and others on 

practicality. It becomes important to take into account the benefits and shortcomings of each approach 

when developing a new application that shares the same subject matter and similar goals. 
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Table 1 - Summarized comparison of the benefits and limitations of some of the 

previously presented technologies. 

Technology Interaction 
Wearable 

Equipment 
Interface Pros Cons 

HoloLens, Samsung 

Gear VR 
None 

Dedicated 

Head Gear 
SUI 

Immersion and 

awareness 

High costs, 

cumbersome use and 

little to no interactivity. 

Spatial interfaces 
Touch and 

Motion 
None TUI 

Immersion and 

awareness with 

no cumbersome 

equipment. 

Difficult to implement 

under short notice or in 

dynamic environments 

Come here 
Touchless 

Motion 

Dedicated 

Head Gear 
SUI 

Manipulate and 

interact with 

volumes 

naturally, 

without the need 

for peripherals 

to be held 

The VR helmet is still 

cumbersome and a 

noticeable limitation. 

Refer to Hololens, 

Samsung Gear VR 

Volume cracker 
Motion 

Controllers 

Controllers 

and Head 

Gear 

SUI 
Ease of use and 

quick learning 

Cumbersome and 

expensive equipment 

Gestureplux 
Hand 

Movement 

Wrist 

Device 

Depends 

on 

Software 

Used 

Operate 

software using 

simple hand 

gestures 

More complex 

commands require the 

use of large variety of 

gestures 

Form and Function 

3D 
Touchless None 

WIMP or 

SUI 

Touchless 

detection of 

hand gestures, 

position and 

orientation 

Dedicated space near 

the screen and close 

interactions 

Soli project Touchless None 
WIMP 

and SUI 

Detects more 

specific, finer 

movement of the 

hands 

Must be interacted with 

at short distances. 

Early development. 

Gestsure Touchless None 
WIMP 

and SUI 

Interaction with 

image viewing 

software using 

simple hand 

gestures during 

surgery 

Simply emulates the 

standard mouse and 

keyboard controls. 

Focus on observing 2D 

slices. 
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Taking into account all the positive and negative aspects of the presented technologies, our 

platform needs to be able to take into account as many of the advantages presented as possible, 

while avoiding or mitigating unnecessary disadvantages that made other efforts less desirable.  Table 

2 presents a summary of these goals, which will serve as guidelines for the work developed in this 

thesis. 

 

 

Table 2 - Summary of the desiderata  

Desired Advantages 

Ease of use 

Quick learning 

User Awareness of Data 

Touchless detection 

Undesired Disadvantages 

Cumbersome 

Expensive 

Difficult to implement 

Exclusively interacted with at short distances 

Limited to 2D controls 
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CHAPTER III  

3  METHODOLOGY 

Taking into account the limitations evidenced in the previous chapter, the focus becomes to create a 

group of mechanics that reproduce the functions present in the traditional software, as these are 

essential for volume control and exploration, but implement these mechanics in a simple manner that 

takes advantage of the available technologies and resources of the Kinect. 

 

3.1 UNITY3D 

 

Unity3D was chosen as the platform for developing the application due to its low barrier to entry and 

extensive documentation library. Due to the lack of an extensive background in object programming 

and dealing with geometry in a virtual environment, Unity’s comprehensive environment and detailed 

tutorials were ideal for learning and developing the necessary skills needed for this thesis. The main 

language used was C#, due to its similarity to Java (a previously used language in the course) and 

numerous examples present online, which along with Unitys’ extensive library and documentation in C 

#serves as the main learning material. 

Most functions are based on the use of geometrical objects, such as planes, cubes and 

spheres, inside a virtual space.  

 

 

 

 

 

 

 

Figure 8 - Example of the workspace in Unity and the use of 

geometrical objects and scripts to implement functionalities  
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Positions and orientations of these objects are applied via scripts attached to each object. All 

displayed applications were developed using Unity version 5.1.2f1 and MonoDevelop, with earlier 

versions of the application using versions 5.0.0f4 and 4.6.2f1 of Unity. 

 

3.2 VOLUME DATA 

 

A stack of 2D medical images was used as the basis for the volume. Each image was converted from 

its original DICOM format to a bitmap format (.bmp), so that the data of the image may be read by 

Unity. The color of each pixel in each image was extracted and a three dimensional tensor was 

created to hold the color information, with the dimensions of the tensor being that of the intended 

resolution for the final rendered volume. The images used were 512x512 resolution, so down sampling 

was used when lower resolution were intended for the information contained in a single image, while 

up sampling was used when the resolution required along the axis that contained information from 

multiple slices was higher than the number of slices available, as was often the case. The information 

in the tensor was applied to a 3D Texture (class Texture3D) and applied to a material of a cube object 

in the virtual environment. This cube scaled according to the information from the images, such as 

length of the slice and the interval between them, as to give the volume the correct proportions.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 – Representation of 3D volume Data in a 3D array. 
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The volume was rendered using a Raymarching algorithm, with shaders accounting for depth 

and opacity. The scripts used for rendering and shading were obtained from forums in volume 

rendering in the Unity platform. These scripts were modified so that further functionalities may be 

implemented other than the ones currently present. 

 

3.3 KINECT IMPLEMENTATION 

 

Interaction with the application is done almost exclusively with the Kinect camera. The camera is 

positioned in front of the user, at approximately 1.5 meters, with the display behind the Kinect, on 

either a computer monitor or a 16 by 9 projection. In most cases, two computers were used: one 

connected to the Kinect and acquiring information from it, and one running the application and 

displaying it. 

Information from the Kinect sensor was obtained and computed using the Kinects SDK and the 

relevant variables obtained from the system. Position and orientation of the joints and the state of the 

hands was sent via a Local Wireless Network to the computer running the application. Both transmitter 

and receiver may be the same terminal.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The position of each joint, their rotations and the state of each hand were sent at each frame, 

and were obtained using a machine learning algorithm applied to the depth map obtained by the depth 

camera of the Kinect. The framerate of the camera is approximately 30 frames per second. 

Figure 10 - Setup with the Kinect and running the applications 
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To compensate for the noise present in the data provided by the Kinect, the orientation of 

each joint was estimated specifically for this scenario by computing three orthogonal axis based on the 

position of three adjacent joints. 

Aside from the position and orientation variables, two additional variables were also obtained: 

the left and right hand states. Hand states are variables that determine if each hand represents one of 

three predetermined positions: “lasso” (Figure 11, A)), “open” (Figure 11, B)) and “closed” (Figure 11, 

C)). 

Lasso – The hand is closed except for a single finger which points outwards. 

 Closed – The hand is closed in a fist. 

 Open – The hand is open, with all fingers pointing outwards, making a palm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This gives greater versatility in terms of controls without the need for complex movements or 

voice controls to switch between the types of interaction, since this can be done as fast as the users is 

capable of moving their fingers. Furthermore, the type of interaction can be changed independently of 

the hands position, but the hand does need to positioned as such that the camera is capable of 

distinguishing the hand gestures, thus positioning the fingers vertically when doing the “lasso” and 

“open” gestures advised for an effective interaction.  

With both the Kinect and its implementation in Unity, we now have a solid basis to develop our 

platform for touchless motion control. 

 

 

Figure 11 - Example of Hand Gestures: A) Lasso; B) Closed; C) Open 
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3.4 VOXEL EXPLORER 

 

Voxel Explorer is a platform whose goal is to allow the users to manipulate and explore volumes 

based on medical data, using three dimensional controls without the need for physical contact or the 

use of cumbersome or expensive tracking hardware. 

 

3.4.1 DISPLAY 

 

The main display of Voxel Explorer consists of the main volume (Figure 12, A)), a white panel at the 

bottom of the screen (Figure 12, B)) and a cube with colored axis at the lower left (Figure 12, C)), with 

two vertical panels displaying several buttons at each side if these menus are selected. A small text, 

indicating whether dragging rotation controls are being used or not, can be seen at the top of the 

screen. 

 

 

Figure 12 - Interface of Voxel Explorer with a volume displayed in the center. A) 

Volume; B) Display panel; C) Orientation Cube  

 

Interaction is done in an asymmetrical bimanual manner, were the left hand is used primarily 

for movement based controls, such as translation and rotation, while the right hand is used mainly for 

selecting function or commands. This is done to represent the metaphor of using a traditional game 

pad, a device designed to be simple and yet able to reproduce a large variety of interactive functions, 

most of which revolve around manipulating 3D objects in a 3D virtual world (Figure 13). 
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Figure 13 - The metaphor used in this thesis is that of a giant GameBoy, were the user 

(A) uses his hands similarity to how he would operate a giant game pad (B)  

 

Selecting a volume is done by manipulating it in any way, either by translation or rotation, with 

deselection being done by using the right finger (“lasso”).  Whether or not the volume is selected can 

be determined by the presence of a measure box, which will be discussed further on. Using the left 

hand the users may translate or rotate (“lasso” or “closed”, respectively) the volume or other objects, 

depending on the selected function. 

Interaction with the application however is largely limited to an invisible window surrounding 

the user. This window is defined as being centered on the joint that joins the spine and shoulders 

(referred to as spineshoulder, with ID 20, in Figure 3), with height determined as 1.5 times the length 

between the position of the head joint and the center point, and length determined as 1.5 times the 

length between each shoulder . When the users’ hands are positioned inside this window, two cursors 

appear on screen with positions relative to the positions of the corresponding hand; if the hands are 

outside the left or right bounds of the screen, but within the horizontal bounds, the side menus can be 

accessed and interacted with (Figure 14).  
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Figure 14 - Left and right menu of Voxel Explorer displayed, with the highlighted 

functions in Yellow  

 

This was done as a way of displaying the least necessary amount of buttons on screen unless 

the users’ intention is to interact with them. The button layout is maintained to retain a certain sense of 

familiarity with the users, who are most likely used to the traditional WIMP display instead of a more 

minimalistic approach. 

When the hands are positioned either above or below the bounds of the screen, interaction is 

limited to context sensitive commands, usually the reset of a volumes position.  

Selecting a function is done by accessing the side menus and selecting the desired function button. 

The height of the hand determines the button selected, which is highlighted in yellow, and selecting 

that button is done making a fist (“closed”) on the desired function for 2 continuous seconds (during 

which the button will appear red). 

The goal of this design is to allow the user to move with a certain degree of freedom, not 

requiring them to stay at a fixed location and forgoing the need for calibration. This way, the user may 

move freely within the frustum of the Kinect, or users may be swapped entirely, without loss of 

functionality, since the controls will always be adapted to the position and size of the user.  

 A list of the functionalities displayed in each menu is presented in Table 3. The left menu 

contains several functions related to manipulating the display of the volume and the right menu 

contains several functions that are applied over the volume, such as measurements and clipping. 
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Table 3- Display of the functionalities accessible in the main menus of Voxel explorer 

and a brief description 

Left Menu Right Menu 

Generate Volume 

 

Instantiates a new 

volume in the 

workspace. 

 

Tag on volume 

Places a cursor over 

the cube surrounding 

the volume 

Drag 

Toggles rotation 

controls between free 

rotation and dragging 

controls 

Tag on plane 

Places a cursor over 

the clipping plane 

applied to the volume 

Real Scale (Frame) 

 

Instantiates a frame 

surrounding the 

volume, which allows 

seeing it in real scale. 

 

Measure over volume 

Allows to measure a 

length over the cube 

surrounding the 

volume 

Window 

Adjusts the transfer 

function applied to the 

volume 

Measure over plane 

Allows to measure a 

length over the clipping 

plane applied to the 

volume 

Brightness 

Adjusts the 

brightness of the 

volume images 

Angle over volume 

Allows to measure an 

angle over the cube 

surrounding the 

volume 

Window reset 

Resets the transfer 

function to the default 

setting 

Angle over plane 

Allows to measure an 

angle over the clipping 

plane applied to the 

volume 

Brightness reset 

 

Resets the brightness 

to the default setting 
Clipping box 

 

Allows to clip the 

volume along the 

canonical axis 

 

Delete Target Volume 

Deletes the selected 

volume from the 

scene 

Clipping plane 

Allows to clip the 

volume along an 

arbitrary plane 

  

 What each function does is explained further on in this chapter, along with all interactions with 

the volume. 
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3.4.2 VOLUME MANIPULATION WITH HAND GESTURES 

 

Translation and rotation of the volume is possible when no function is selected to avoid conflict with 

other functionalities, and is done primarily with the left hand. 

When the user closes his left fist, the position of the hand is marked as the offset point. At 

every frame, a vector is computed from the offset point to the current position of the hand. This vector 

is then added to the position of the volume, and its rotation is changed so that it faces the new point. 

Before adding the directional vector, it is multiplied by an arbitrarily large number so that small 

variations in the hand position have a reduced effect on the rotation of the volume.  

To reset the offset position, the user can use the “open” status of the left hand and a new 

offset position will be determined when the user resumes the rotation. 

 

 

 

 

 

 

 

 

 

 

The user may also rotate the volume in a fashion similar to the traditional mouse controls. 

When the option is selected, the user may simply close their left fist and move it the x and y axis, the z 

axis being irrelevant, and the volume will rotate according to this movement. 

The purpose of this option is to compare the reaction of users to both methods of rotation, one 

of them being more familiar, and the new, more novel approach with the Kinect. 

In the lower left corner, a directional box is presented. This box serves a dual purpose, both as 

a source of information and an interaction tool. This box adapts the same rotation as the volume being 

manipulated, with each face of the cube indicating the face of the volume (A – anterior, R – right, L – 

Left, P – posterior, U – upper, L - Lower). The axis presented around the cube also allow the user to 

change the volumes rotation and position along each axis, since using each command over a certain 

axis limits movement to that axis. For example, the user tries to grab (“closed” state of the left hand) 

the z axis, the volume will only rotate and translate along that axis.  

Figure 15 - The movement of the hand creates a vector 

between the origin point and the current position. The 

direction of this vector is then applied to the volume . 
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This allows for a more fine control of the volume and the ability to obtain a specific orientation, 

not possible with the previous controls, and the axis along which the volume is being 

rotated/translated is displayed in red, while the axis that are not being interacted with are displayed in 

green. (Decle, 2011) 

To summarize the types of interaction with Voxel Explorer, a general display of the controls is 

present in Figure 16. 

 

 

 

Figure 16 - General display of the interaction controls with Voxel Explorer  

 

 

 

3.4.3 MEASURE BOX 

 

A wireframe box surrounding the volume is rendered “above” the volume in order to give the users a 

better perception of the volumes dimension. Each edge is divided into four segments, with the middle, 

longer line dividing the edge in half and two smaller lines dividing each half in quarters. This is done 

over each face of the box connected to the edge and the main goal is to give the user a better 

perception of the dimensions of the volume. The measure boxes proportions are the same as the 

volumes original proportions, independently of any transformations or functions applied to the data. 
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3.4.4 MEASURE LENGTHS, ANGLES AND APPLY TAGS 

Users have the ability to make measurements over the faces of the volume or over any of the clipping 

planes, canonical or free.  

After selecting the desired option a cursor appears, which can be moved in the x and y axis 

using the left hand “lasso” state. At each frame, a ray is casted forward and is checked for collision 

with either the plane or the box surrounding the limits of the volume. If there is no collision, the cross 

inside the cursor is displayed red, and you cannot make any measurements. If a collision is detected, 

the cross is moved to the point of collision and is displayed green.  At this point, measurements are 

possible and the measurement markers appear in the same position as the cross. To set a marker, the 

user needs to close the right hand (indicating the “closed” state of the hand). A wait period of two 

seconds is created after placing a marker, during which the right hand cannot interact, to avoid the 

unwanted placement of markers if the user leaves the right hand open too long. 

In order to measure lengths, two markers need to be set, and a line appears after the second 

marker is set, connecting the two, with the length of the measurement being displayed midway 

between both markers, in red letters.  This length is displayed in centimeters, since it’s the same order 

of magnitude as the volume displayed.  

Angles are determined in a similar fashion, utilizing three markers instead of two, with the 

measured angle appearing over the second marker. The angles are displayed in degrees and have 

red letters much like the display of lengths.  

Finally, the user may simply tag the volume, by placing a single marker. This is a single 

marker with no labels or lines. The main purpose of this tag is to mark positions of interest inside the 

volume and then being able to locate these positions in the volume from any perspective.   

All markers and lines are rendered “over” the volume, maintaining their relative position during 

translation and rotation, and are still visible independently of the clipping planes applied to the volume. 

 

3.4.5 CLIPPING BOX 

 

The users have the ability to clip the volume along a plane perpendicular to each axis. When the 

option is selected, the user may choose which plane to move by using the regular translation methods 

when a plane is selected. When the cursor is over a plane, that plane is highlighted in green, 

indicating it has been selected, and then highlighted in red when moved. A plane may be dropped by 

using the “open” state of the left hand.  

When the clipping box option is no longer selected, the clipping planes will maintain their 

relative position.   
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3.4.6 CLIPPING PLANE 

 

A clipping plane can be freely moved in three dimensions over the volume, with translation and 

rotation being done with the regular controls (left hand). Only the voxels of the volume above the plane 

are rendered, while voxels under the plane are not. A semi-transparent green norm vector is present 

over the plane in order to better distinguish between the area above and under the plane. Because of 

this, while freely rotating the plane, the norm vector has the same direction as the directional vector 

applied to the clipping plane. Another approach was attempted during development, were the left 

hands position and orientation would determine the position and orientation of the clipping plane, 

which was believed to be easier to use and would provide a better user experience. However, due to 

the amount of noise and difficulty in determining the orientation of the hand, this idea was abandoned 

and the previously presented controls were implemented.  

As with the canonical clipping planes, the relative position of the plane is maintained when 

moving the volume.  

Both forms of clipping are cumulative, which means that both canonical and free clipping can 

be applied to the volume simultaneously. Unlike the Clipping box function however, only a single plane 

may be used.  

 

3.4.7 BRIGHTNESS AND WINDOW 

 

A functionality that is commonly present in traditional software is the ability to easily change the 

brightness of the images presented. In some software, this change is done by simply clicking and 

dragging with the mouse, which changes a transfer function that controls the brightness attributed to 

each pixel, similarly to how the opacity functions work in this software.  

Thus, two functionalities were added, one to control the brightness (Brightness) and one to 

control the opacity (Window) of the function, both adjusted by moving the left hand with the “lasso” 

state left and right. 

A transfer function is a function that determines the optical properties of each voxel in a 

volume. Each voxel contains a value that serves as an input parameter for the function which is 

subsequently mapped to an output value. In this case, the input value is the intensity of the voxel 

(which is the same as the corresponding pixel in the original medical image), and the output is the 

opacity and the color mapped to that specific value, which is then attributed to the voxel. 

Moving the hand left can either lower the brightness of all voxels or move the step of the 

opacity function left, meaning that lower intensity voxels will be given full opacity. Moving the hand 

right, on the other hand, raises brightness and moves the step function right, and thus giving opacity 

only to higher intensity voxels. Voxels whose intensity are lower than that of the position of the step 

are fully transparent. 
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Figure 17 – Transfer function. All points below value P have output value 0 (fully 

transparent) while all values equal or higher than P have value 1 (fully opaque). The 

graph represented is a histogram, where each point represents the number of voxels 

with that intensity value. The grayscale bar below represents the color assigned to 

voxels with that intensity value.   

 

Both the Window and the Brightness options can be reset (using the Reset Window and Reset 

Brightness, respectively), returning both functions to their default state.  

 

3.4.8 FRAME 

 

To determine whether it would be beneficial to observe anatomical volumes in a realistic scale, a 

function was created so that once selected, a frame would appear centered on the screen with the 

same proportions. The user could then zoom in and out, and once the edges of the frame were close 

enough to the edges of the screen (less than a 10% difference, either in length or height, between the 

frame and the limits of the cameras frustum), it would turn red, indicating that the volume was 

approximately the same size as the real volume. While not entirely accurate it would allow for a close 

approximation.   

 

3.5 MIRRORME 

MirrorMe is an application designed to display anatomical information over the human body, giving 

users more interaction and awareness when exploring volumes and structures, with the purpose of 

creating a tool suitable for educational purposes. While other research projects have attempted to 

design similar applications (Navab, 2015) (Ruiz, 2015), their focus has been primarily in visualization 

of information, while MirrorMe focuses more on interaction. 
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3.5.1 MAIN DISPLAY 

 

The main scene in the MirrorMe application consists of a skeletal dummy, representing the human 

body whose movements are the same as the user. This dummy is divided into several segments of 

the body, heavily influenced by the skeletal body presented by the Kinect. Each joint of the dummy is 

positioned in the virtual space according to the position of each joint in real space determined by the 

Kinect, with each segment of the body positioned and oriented in relation to the relevant joints (for 

example, the right forearm is positioned and oriented by the right elbow and right shoulder joints). The 

camera used to render the dummy follows its movements so that the body is always centered on the 

screen, regardless of movement. 

 

 

 

 

Figure 18 - General display of the MirrorMe user interface 

 

 

There are three main panels being displayed: 

- A panel in the lower right corner, displaying the name of the body part highlighted by the user 

- A panel in the upper right corner, displaying instructions for the user 

- A panel on the left side of the screen, displaying information about the highlighted body part. 

The highlight panel only displays the name of a body part if one is selected, if none is selected, the 

panel will appear blank, and the left panel will not appear at all. 
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While in the main scene, the user may select a certain part of the body in order to obtain 

information related to it. To do this, the user can simply touch that part of their body with their right 

hand, and deselect it by raising their right palm for 2 seconds. While a body part is selected, 

information about that body part is presented on the left side of the screen.   

Contact is determined by the collision of objects within the virtual space, specifically between 

the right hand object and other objects in the body. Once a collision, the object the hand collided with 

is determined and the corresponding information displayed.   

The deselection option was created to avoid unwanted selections. Because collision is 

determined in the virtual space and not in real space, false selections would occur often, especially 

when users would drop their hand to the side and select the thigh accidentally. Because of this came 

the need to reduce ambiguity, even if at the cost of a smoother experience. 

 

3.5.2 VIEW ANATOMICAL VOLUMES 

 

When certain body parts are selected, the user may raise their left finger (left hand in the “lasso” state) 

to enter a new scene were a volume is displayed over the skeleton, following the movements of the 

user. The user may also move forward and backwards in order to change which transfer function to 

apply to the volume, with each transfer function revealing different features of the volume. Raising the 

left finger again returns the user to the main scene. 

 

 

 

Figure 19 - Volume of a human head with three filters applied when the user is in near 

(A), mid (B) and far (C) range of the Kinect  

 

The main purpose of this feature is to give users a better awareness of the anatomical 

structure being displayed, by giving them the larger context of the body, instead of just the isolated 

segment.  

 

 



54 

3.5.3 QUIZ 

The users can also participate in a quiz based on the information displayed in the main scene. Ten 

random questions are displayed, requiring the user to select a certain body part as the answer, 

submitting the answer by raising the left finger. The user has 15 seconds to answer each question, 

with a correct answer giving 10 points and wrong answers giving -5 points. 

The game ends when the user fails to answer a question in time, answers all 10 questions, or 

cancels the game by raining their left fist over their head. We expect a greater involvement and 

enthusiasm from users from the fact that they are using their body to answer these questions, instead 

of the traditional test or quiz format. 
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CHAPTER IV  

4 RESULTS 

4.1 USER PERFORMANCE TESTS 

 

To determine if Voxel Explorer can be a suitable alternative, or even improve upon traditional WIMP 

interfaces, three major aspects needed to be determined: 

1) Is the application capable of accomplishing the same basic and essential tasks as the 

traditional manipulation software? 

2) Can these tasks be accomplished in a similar or shorter time when compared to the traditional 

software? 

3) Can this setup provide a substantial benefit over mouse controls? 

 

To find the answer to these three major questions, user tests were designed to evaluate 

performance while executing several basic tasks, using both Voxel Explorer and traditional software. 

For the purpose of these tests, the volume rendering software VolView (Volview, 2015) was chosen 

because it possesses many of the functionalities commonly present in clinically used software. 

To evaluate users’ ability to translate and rotate volumes with each system, users were displayed 

an image of the present volume in a specific position and orientation. The users were asked to move 

the volume as to match the displayed position as close as they were capable, at which point a new 

image was presented. Users obtained the desired results using the mouse in Volview, and in Voxel 

Explorer users were asked to use both the free and drag rotation, which emulated mouse controls 

using the Kinect. The purpose of this set of tasks was to determine the effect that the Kinect would 

have on the performance of the users while using traditional techniques.  

A total of five images were presented per volume, with one volume serving as a training volume 

and two as task volumes, and the time necessary to complete each task was measured. The number 

of attempts a user needed to complete the task was determined for a subset of the user sample. The 

training volume for Volview was a human head obtained from CT images, obtained from Osirix image 

database (Osirix, 2015), under the name Brainix, while the volume for Voxel Explorer was obtained 

from Hospital Professor Doutor Fernando Fonseca, EPE. The volume for the first test consisted of 

a human thorax (CT) and for the second test a pelvic region (MRI), both made available by Hospital 

Professor Doutor Fernando Fonseca, EPE (more commonly known as Hospital Amadora-Sintra). 

All volumes from the Hospital where obtained anonymously, to protect the identity of the patients. 
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Figure 20 - Images for training, Test 1, Test 2 and Test3 in Volview (A, B and C, 

respectively) and Voxel Explorer (D, E and F, respectively ) 

  

To determine the number of attempts needed to obtain the desired result, a single attempt was 

counted at the beginning of each task, an a new attempt was added when: 1) the user would reset the 

position of the volume (except if this was performed at the very beginning of the task); 2) the user 

would move the volume randomly (such as wildly rotating the mouse or hands); 3) the user would lose 

control of the volumes’ rotation (either by accident or frustration) and would have to try again. 

To avoid bias of results caused by the order in which the tests were presented, the first test to 

be performed (Volview or Voxel Explorer) was randomized for each user, as was the order in which 

each image was presented during the tasks. 

After the rotation and translation of the volume, users were asked to clip the volume as to 

reveal a specific structure within, over which they would be asked to measure a distance, an angle 

and tag a specific point. The highlighted structures and the measurements were pre-determined to be 

simple and easily recognizable, so that users would not be limited by their knowledge (or lack thereof) 

of anatomy and physiology. 

Clipping tasks were performed in three different platforms. Due to considerable differences 

between clipping with Volview and Voxel Explorer, a third software was used, 3DVol, due to its 

similarity in controls to Voxel Explorer, while still using a mouse. Despite this, the Volview controls 

were still used as part of the tests. 

Finally, users were asked to experiment with MirrorMe and fill out a survey with their 

information and opinions on their experience with both applications. The contents of this survey are 

available as an Appendix to this thesis. 
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4.2 PARTICIPANTS 

 

Fifteen unpaid participants (13 male and 2 female) were recruited for these tests, with ages ranging 

from 20 to 24 years old (M =22.60; SD =1.27). Eight of the 15 participants had a Masters degree in 

Biomedical Engineering, with the remaining participants having a background in Informatics 

engineering. Two participants reported to be left handed. One user reported being experienced with 

motion controls, while the remainder of participants reported only basic knowledge of this technology. 

As expected, users without a biomedical background reported having no experience with medical 

images, while those who had experience reported is as basic, although one reported to have used 

medical images at a professional level.   

The biomedical students used for the tests were chosen due to their background in medical 

image analysis, while the remaining subjects were chosen with the intent of providing information 

about how users with no imagology background would respond to this kind of tasks, and weather a 

medical image background would produce a significant difference in the results or not. 

 

4.3 TASK RESULTS 

4.3.1 TIMED TASKS 

 

After a superficial analysis of the results, the immediate conclusion is that the times obtained in Voxel 

Explorer are similar to the results obtained in Volview.  
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Figure 21 - Comparison between completion times using Volview (Vol) and Voxel 

Explorer (VE) using both drag and free rotation 

 

With the first volume, we obtained an average completion time of (M=148.12; SD=53.10) for 

the first task with Volview, (M=186.64; SD=107.01) for free rotation on Voxel Explorer and (M=234.86; 

SD=142.33) for dragging controls.  

A paired t-test was performed to determine if the tasks performed in Voxel Explorer were 

substantially slower than Volview. While the free rotation controls were not substantially slower than 

Volview’s with a confidence level of 95%, the mean difference between Volview (M=148.12; 

SD=53.10) was substantially faster than VE Drag Rotation (M=234.86; SD=142.33); paired t(14)=3.12, 

two-tailed p=0.007, with a Confidence Interval (CI) of 95% of mean difference (28.95 156.10). 

However, the results for the second volume were more similar, with no statistically relevant differences 

between the results of each task. 

While the improvement in performance using VE Free Rotation between tests was not 

statistically relevant, failing a paired t-test with 95% Confidence Level (CL), there may still be a slight 

improvement of the results. 

This can indicate a learning curve present in the Voxel Explorer controls, which is to be 

expected due to the lack of familiarity with motion based controls reported by the majority of the users. 

However, the slight difference between the two tasks also shows that during the time the first task was 

performed, users seemed to gain a better grasp of the controls, improving their performance in the 

second test. 

Despite some suggestion of improvement in user performance, and no statistically relevant 

differences between performance in Voxel Explorer and Volview in the second test, there still seems 

to be little evidence of the benefits of Voxel Explorer.  
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When we look into how many attempts it takes for each user to obtain the desired results, we 

can get a better understanding of how the Voxel explorer controls improve upon the traditional 

controls. 

 

 

Figure 22 -Comparison between average times per attempt using Volview (Vol) and 

Voxel Explorer (VE) using both drag and free rotation  

 

From the results obtained, we can determine that during the first test, when using the free 

rotation in the Voxel Explorer platform, the mean time used in each attempt (M=11.69; SD=4.54) is 

significantly smaller than the time used in both the Volview attempts (M=19.38; SD=8.20), paired t(7) = 

5.52, two-tailed p=0.0006, with a CI of 99% of mean difference (3.35, 13.74).  

During the second test this trend is still visible, with attempts in Voxel Explorer (M=11.43; 

SD=4.89) being significantly faster than in Volview (M=17.08; SD=6.48), paired t(8) = 4.19, two-tailed 

p=0.004, with a C.I. of 99% of mean difference (1.93, 10.64), providing evidence that Voxel Explorer 

improves the time necessary for each attempt. 

 

Surprisingly, the amount of time used for each attempt with the dragging controls is not 

significantly different from the results obtained in Volview. This is mainly due to the fact that the 

dragging controls only allow for interaction with two degrees of freedom, similar to the use of the 

mouse controls, resulting in similar difficulties in both approaches.  
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Figure 23 - Average Number of attempts using Volview (Vol) and Voxel Explorer (VE) 

using both drag and free rotation 

 

This problem is worsened however by the fact that the number of attempts needed is slightly 

higher than for Volview, leading to a higher average time, mainly in the first task. As noticed 

previously, the time differences are less noticeable in the second task, which indicated that these 

controls are also influenced by user experience and training. 

Despite the considerable difference in the amount of time needed for each attempt, the time 

needed to complete the tasks in Voxel Explorer is still very similar to Volview. This is because of the 

number of attempts needed to complete each task, which are substantially higher in both the first and 

second task when compared to the Volview controls. This occurs mainly because of the lack of 

familiarity of the users with the Kinect controls, consequently resulting in a larger number of errors and 

less efficient methods of obtaining results. 

Ideally, and due to the way the controls work, the desired rotation of a volume could be 

obtained with a single attempt in Voxel Explorer, provided the user is familiar with the volume at hand. 

By reducing the amount of attempts and improving the time needed for each attempt, the user could 

obtain the desired orientation in a more efficient way than what is possible with mouse controls. We 

also took into account the background of each user and reviewed the results separately to help 

determine if these separate backgrounds have a positive or negative effect in user performance.  



61 

 

Figure 24 - Comparison between average completion times using Volview (Vol) and 

Voxel Explorer (VE) using both drag and free rotation. Times from users with a 

Biomedical background are displayed in Blue and users with Informatics background 

is displayed in Red. 

 

As we can observe from the results in Figure 24, users with a biomedical background 

performed worst in the first task, following the trend established by the general results presented 

previously, and obtained better and more consistent results during the second task. Users with no 

background in medical images however, but with a background in Informatics, obtained overall more 

consistent and slightly better results in both tasks, despite reporting no especial use of motion control 

devices. This may indicate that a visual culture of medical data may not be as influential as originally 

expected, and instead a spatial awareness is much more relevant to obtaining optimal results. 

Some users who relied too heavily in rotating the volume using the fixed axis faced substantial 

difficulties when trying to obtain the desired results. This is especially evident when observing task 

completion times, as they are substantially longer than both the other results in the same test and the 

overall mean. 
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Figure 25 - Completion times of two users. The Green user used the drag rotation and 

relied heavily on the use of the axis in the tasks marked with the Yellow arrows. The 

Blue user used the free rotation and relied heavily on the use of the axis in the tasks 

marked with the Red arrows 

 

A clear example of this can be observed in Figure 25, where two users over-relied on the fixed 

axis to rotate the volume. As a result, the time necessary to obtain the desired results was 

considerably higher than on the remaining tasks.  

While useful for small adjustments and movement, these controls are clearly not meant to be 

used as a main method for manipulating volumes, mainly due to the difficulty in selecting the desired 

axis with the Kinects’ lack of precision. 

When using clipping planes to identify structures and applying measurements over the 

volume, users performed better using the traditional software on all tasks. 
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Figure 26 - Average times obtained during both tests. A) Clipping Plane in 3DVol; B) 

Clipping Plane in Volview; C) Clipping Plane in Voxel Explorer; D) Distance measured 

in Volview; E) Distance measured in Voxel Explorer; F) Angles measured in Volview; 

G) Angles measured in Voxel Explorer; H) Apply Tags in Volview; I) Apply tags in 

Voxel Explorer. 

 

Tasks performed with Voxel Explorer took considerably longer when compared with times 

obtained with the traditional software, on all tasks and with both volumes. There was also no 

substantial improvement in performance between the first and second volume in any of the tasks 

using Voxel Explorer, which indicates that user experiences role in this case is either indifferent or 

insubstantial in the tests performed. While a slight improvement in user performance using Volview 

may be possible, the overall change was not substantial enough to be statistically significant, which 

may indicate again an insubstantial effect of user experience. 

One major hurdle noted during the execution of these tasks, which presents the main reason 

for users’ poor performance, was the Kinects lack of precision. While users were relatively quick to 

identify the structures of interest, they had some trouble selecting the desired slice or placing the 

markers in the correct position, thus increasing the time necessary to complete the task. 

There was no significant difference between users of different backgrounds, which was to be 

expected since the structures of interest had no anatomical significance that required specific 

background knowledge.  
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4.3.2 SURVEY RESULTS 

 

After the tasks were performed, users were asked to answer a survey about their experience with the 

platform.  

As an overall opinion, users preferred the use of motion controls for both rotation (60%) and 

translation (100%) of the volume over the traditional mouse controls. However, when asked about 

their preference over which application to use for measurements and applying tags, results were more 

mixed, with Volview being preferred for both (60% preference for tags and 73.3 % preference for 

measurements). When applying the clipping plane, users preferred Voxel Explorer (66.7 %) over the 

other applications (13.3% for Volview and 20% for 3DVol), reporting also better special awareness of 

the structures (M=3.27; SD=0.68; 1 – Useless and 4 – Very Useful) when compared to the slice views 

in Volview. 

 

When asked about the level of difficulty felt when performing translation and rotation, users felt 

no statistically significant difference between interfaces, as suggested by previous results. During the 

tests, users also considered that their movements were well interpreted by both the mouse (M=2.67; 

SD=0.79; 1 – Very Badly and 4 – Very Well) and the Kinect (M=2.93; SD=0.44; 1 – Very Badly and 4 – 

Very Well). These results suggest that differences in performance can be more confidently attributed 

to the design of the controls rather than the users’ inability to user them properly. 

 

The ability to rotate and translate a volume along a fixed, chosen axis was deemed useful by 

the users (M=2.8; SD=0.9; 1 – Useless and 4 – Very Useful) when compared to the lack of it in 

Volview, although one user deemed it as useless due to the fact that he/she forgot to use it during the 

tasks. However, users still had difficulty interacting with these axis (M= 2.13; SD=0.70; 1 – Very 

Difficult and 4 – Very Easy) due to the lack of precision with the Kinect. 

Volview was often referred to as having a complicated interface and button distribution 

(M=2.07; SD=0.57; 1 – Too Complicated and 4 – Too Simplistic) especially when compared to Voxel 

explorer (M=2.93; SD=0.25; 1 – Too Complicated and 4 – Too Simplistic). Opinions regarding the 

navigation of the menus of both interfaces was more diverse but generally positive. Although, some 

criticism was made to the fact that selecting a functionality in Voxel Explorer often meant taking 

attention away from the main workspace, and better feedback was required to avoid this. 

 

 

When asked about fatigue, users were mostly undisturbed by the physical strain of the tasks 

(M=2.87; SD=0.50; 1 – Very Tiring and 4 – Not Tiring) but did not regard it as unnoticeable. Each 

Voxel explorer task took around 30 minutes to complete (depending on user performance), which is 

substantially more than what surgeons or students would need. Despite the lack of empirical data on 

this matter, these results indicate that fatigue may not be a major concern when using these types of 

controls. Feedback obtained from the users in the surveys was mostly positive for voxel Explorer, in 

support or in spite of the task results.  
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4.3.3 MIRRORME 

 

Because of MirrorMe’s early stage of development, the questions in the survey focused more on the 

users overall experience with the tool, rather than their performance using it. 

Most users found that using their body as a canvas made it more compelling to explore information 

and interact with, but reported that the use of a more detailed volume would help to identify certain 

structures. Users also reported that they found it easier to learn many of the concepts presented 

thanks to the use of their body to locate the source of each piece of information. 

 The Kinects noisy tracking capabilities were the main focus of criticism from the users, 

resulting in jittery movements and imprecise controls when interacting with the body. 

 Overall, users had a mostly positive reaction to the application and found it to be a compelling 

and engaging way of exploring human anatomy. However, due to the stage of development and 

hardware limitation, some faults are still obvious and in need of improvement. Nevertheless, this initial 

reaction is a good indicator of the potential of this type of interaction. 

 

 

4.3.4 PROFESSIONAL OPINION 

 

Along with the user tests, the platform and its functionalities were also presented to the medical staff 

at Hospital Professor Doutor Fernando Fonseca for their professional opinion and feedback on the 

platform and its possible applications in a medical context. 

 Initial response from the physicians was positive and they supported the premise that this kind 

of application would be very useful during surgical procedures. But more importantly, they emphasized 

the importance of this kind of application in surgical preparation, since surgeons who do not specialize 

in medical images are often unable to read medical images effectively, which may cause inefficiencies 

during surgery. The ability to effectively and interactively explore the volume before-hand then 

becomes a valuable tool for surgeons to understand the situation at hand, as well as train interns as 

part of their education. 

 A number of suggestions were also presented that would, in their professional opinion, 

improve functionality and effectiveness: 

 

 - Highlight of areas of interest 

 

 - “Peeling” of layers  

 

 - Interactivity with the volume that simulates real tissue 
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 The platform was also showcased to representatives from The Center for Interdisciplinary 

Research Egas Moniz (CiiEM), which highlighted the importance of these tools for education 

purposes, such as showing structures of interest during class and exploring these with a set of 

interactive tools. Teachers, and students, would thus be able to understand and explore information in 

more effective ways and students specifically would be better prepared to deal with real life scenarios. 

 

 Members of a research group from the Institute of Biophysics and Biomedical Engineering 

(IBEB) of the Faculty of Science of the University of Lisbon also came in contact with Voxel 

Explorer and MirrorMe, and showed their interest in collaborating for research purposes. They 

highlighted MirrorMes’ potential as a tool for younger audiences, and praised Voxel Explorer for its 

applicability.  

 They further suggested possible applications and future research such as the use of Dynamic 

Imaging, where the volume is updated during the procedure with newly acquired images. This 

application, while interesting, presents several limitations that belong outside of the scope of this 

thesis. Other possibilities are the use of the Kinect, and similar motion tracking technologies, for 

surgical training, using motion controls for manipulating tools and structures to simulate surgical 

procedures.   

 While still brief, this discussion of future applications and improvements for Voxel Explorer and 

MirrorMe has opened up new possibilities and future collaborations with IBEB to develop new 

technologies and approaches.  
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CHAPTER V   

5 DISCUSSION AND CONCLUSIONS 

5.1 DISCUSSION 

 

The main question raised by this thesis was weather SUI could improve a users’ ability to manipulate 

medical volumes when compared to the traditional approach.  

While the task results may not reveal an immediate benefit for the use of Voxel Explorer when 

compared to the traditional software, a deeper analysis of the data reveals that the strength of this 

new approach is in the ability to perform the trial and error procedure often associated with these tasks 

at a much faster rate. This means that even if the user fails to obtain the desired orientation of the 

volume in a certain attempt, resetting the volume and attempting again is an easy and quick task to 

accomplish, even with limited training and exposure to the controls. 

As the tasks proceeded, users required less time to obtain the desired results, which shows that 

the short time they had with the platform was enough to gain experience enough to improve the 

outcome.  

Ideally, obtaining the desired orientation in Voxel Explorer can be done using a single motion of 

the hand, and thus a single attempt, while traditional tools don’t always allow for this type of efficiency, 

often requiring several movements because of the lack of degrees of freedom when using the mouse 

or touch controls. Thus, with enough practice, users may be able to obtain the desired orientation 

much faster than what is possible with the traditional software. 

 

The question then becomes how much training and familiarity is needed for the user to be able 

to perform these tasks in the most efficient manner possible. Further developments of this approach 

need to consider not only the background of the user regarding medical imaging but also their 

experience in controlling geometrical objects in a virtual space. Giving the proper instructions or an 

explicit and compressive tutorial in volume manipulation may yield greater improvements rather than a 

proper interpretation of the medical data itself. That being said, the ability to correctly identify and 

understand the content of the images displayed is not dismissible, since the lack of which may lead to 

the users being momentarily “lost” when manipulation volumes, which had been observed during the 

tests. 

If the correct way of using these controls is properly conveyed to, and learnt by, the users, then 

one of the main hurdles of this type of controls can be then overcome. 

 

 

The biggest shortcomings of this technique were, as demonstrated by the results of the tests 

performed: 
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-  Lack of familiarity with the controls 

 

- Imprecise controls with the Kinect 

 

 

A lot of errors and complications when using movement controls can be attributed to the lack 

of precision of the Kinect. This imprecision comes in two forms: measurement imprecision and gesture 

recognition. When using gestures, if the hands are positioned too close to each other, or if they are 

positioned close to the center of the body, the Kinect will often be unable to recognize the gesture 

presented.  

 

 

Figure 27 - Comparison between the Kinects ability to detect hand gestures in two 

situations. When the hand is placed far from the body (A) the Kinect can detect the 

hand gesture correctly (Blue circle in B). When the hand is placed near the body (C), 

the Kinect doesn’t recognize the gesture (D).  

 

Recognizing the correct gesture also requires the camera to be placed in the correct position 

when relative to the user, so that the gesture performed is in clear view of the camera or otherwise 

gestures can be misinterpreted. 

 



69 

 

Figure 28 - When the hand is pointing directly to the camera (A) the Kinect often 

misinterprets the hand as "Closed" (Red circle in B) 

 

Despite the corrections made to compensate for the noise in orientation vectors, the results 

are still affected by noise and some movements are still misrepresented in extremities. For example, 

should the user raise is head in MirrorMe, the volume would do a 180º degree turn. Despite this, the 

results are good for the application at hand and there were no significant problems during the display 

of the application during tests.   

To avoid unwanted interaction with the volume, some corrections have been made to controls 

to improve performance. The main correction was that in order to translate and rotate the volume, the 

cursor on the screen has to be placed above the volume for movement to begin (the dragging rotation 

controls where not changed). This does not interfere with the established control scheme and prevents 

users from accidentally rotating the volume or changing its position.  

Kinects imprecise detection of movement is also one of the main reasons why users 

performed worst when making measurements and using clipping planes. Users would often take 

longer to be able to place the makers on the indicated position, usually settling for a close 

approximation of the spot. Similarly, when applying clipping planes, users would often lose some 

seconds trying to place the plane in the correct position.  

While this difference is only of a few seconds, it shows that when using the Kinect the results 

are much less reliable. This is a bigger problem than what may seem at first, and certainly needs to be 

the focus of attention in future studies, since the ability to correctly and precisely obtain measurements 

is of great importance for physicians, especially during preparation for surgery.   

To correct this however, may not be as simple as applying a filter to the data received by the 

Kinect, since the noise associated with these measurements comes from two different sources: the 

users’ involuntary movements and the Kinects own measurement errors. Both of these create 

obstacles that make it difficult to obtain an accurate and precise representation of the users’ 

movements and new methods for obtaining measurements may be necessary. Similarly, better ways 

of exploring slices may be necessary if signal correction for hand movements proves to be insufficient.  

 

These solutions however must take into account the context in which they are applied, since 

tasks that require complex gestures may be unfeasible in a surgical environment. 
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These changes also need to take into account possible changes in the interface. While users 

recognized that the interface of Voxel Explorer was in fact simple and easy to understand when 

compared with the traditional software, they noted a lack of clear feedback when selecting some 

functionalities or difficulty in the selection itself. While considered minor problems by the users 

themselves, they can become troublesome when several tools need to be used in succession or if the 

tool used becomes too complex. If the interface becomes too cluttered or doesn’t provide a good 

experience and results for the users, they may become discouraged from using it. 

Other limitations of the platform are the display of the volumes themselves. Due to the 

limitations of the developer, volume rendering was done using Unity’s 3D Textures and a rendering 

algorithm mostly derivative from other algorithms and applications. As such, several visual artefacts 

can be visible in the rendered volume when a large number of voxels is present, which can be 

problematic when a detailed analysis of the volume is required.  The use of 3D Textures also created 

other problems that limited the ability to implement tools and visual effects. 

 

 

Figure 29 - In certain perspectives, it can become difficult to distinguish details in the 

volume due to artefacts and confusion generated by the position of the Dimension 

box, as seen in the centre of the image. 

 

Examples of this are the Dimension box and measurement objects. Because of the properties 

of the volume rendering it was difficult to display the volume “inside” the box, and this it had to be 

rendered “in front of” the volume.  This may cause some confusion when viewing the volume and as a 

result not only limit the usefulness of the box itself but also create visual noise that difficult the study of 

the structures. Measurement markers have a similar issue, as they appear “in front of” the volume and 

box, and thus also contribute to a lesser experience.   

Performance, while not the main concern when dealing with static images, may also be a limitation. 

The application presented ran with code that was not optimized and ran very poorly in desktops with 

limited graphical capabilities (Ram: 4.00GB; VRAM: 1696MB; Processor: 2.40GHz). However, when 

running on more capable hardware (Ram: 8.00GB; VRAM: 6362MB; Processor: 3.3GHz), the 
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application performed without any noticeable shortcomings. However, the application did, 

occasionally, lose connection with the Kinect, but the connection was quickly reestablished.  

Users’ initial response to the new type of interface was largely positive, mainly because of the 

novelty of the Kinect, since several users couldn´t resist gesticulating in front of the camera when first 

exposed to it. This level of enthusiasm is very beneficial for education tools as it generates a greater 

level of involvement from the users. 

While it may be met with some resistance due to unfamiliarity with the system, initial response 

from medical professionals has also been fairly positive which demonstrates a good level of 

acceptance from medical staff and their willingness to use this technology as an alternative to the 

standard, provided it can obtain the desired results.  

To achieve this however, further steps into development need to have a greater involvement 

of the medical staff, especially from surgeons and teachers, to determine the best way to implement 

the desired tools. Specifically, this interface needs to be tested in surgical environments to determine 

how functionalities perform, since user tests performed during this thesis took place in closed, 

controlled environments outside of the surgical context, which limits the quality of the feedback 

obtained.  

While there are still some limitations that need to be explored regarding this interface, its 

usefulness seems to be apparent and with the appropriate improvements, can be a powerful and 

useful tool for doctors and students alike. 
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5.2 FUTURE WORK 

 

5.2.1 VOXEL EXPLORER 

The work presented leaves room for both improvements and new study subjects. Finding new ways to 

explain and teach the rotation controls to users is perhaps the most obvious way of improving task 

performance, but better feedback and other ways of applying tools may be studied as well to improve 

interaction with the volume data. Before this can be done however, Voxel Explorer needs to be tested 

in a surgical environment so that the results in user performance can be properly evaluated, as well as 

highlight limitations that may be specific to that environment, such as improved tracking algorithms to 

avoid misinterpretation of the intended user when surgeons and nurses move in front of the Kinect. 

Other improvements include importing DICOM files directly into the software instead of importing 

images, increasing the amount of information available, and expanding the number of test subjects 

with no biomedical background to further study how the controls can be improved.  

 

5.2.2 MIRRORME 

 

MirrorMe, despite its initial positive response, is still in the very early stages of development. Better 

volume rendering, interaction and display of the interface is needed and involvement from teacher with 

a medical background would be beneficial to determine the best way of presenting anatomical 

information to users. 

Once properly developed, MirrorMe could then be taken to museums and schools to determine 

how audiences would react to this applications and how to further improve upon it.  

 

 

5.2.3 NEW FUNCTION INTERFACE 

 

As discussed by Guimbretière (Guimbretière et al., 2005), the effectiveness of an interface heavily 

depends on the interaction metaphor used, not just the equipment, and they presented evidence of 

benefits gained by mixing command selection and direct manipulation, with both two-handed and one-

handed techniques, such as Toolglass and FlowMenu respectively. These techniques, if applied to 

Voxel Tips, may further reduce the need for the traditional button display, moving away from the WIMP 

approach to interface design, and improve function selection and feedback, two limitations exposed by 

the users. 
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Also, new rendering techniques and algorithms are advisable, as they may provide developers 

better ways of implementing both existing and new tools. Since volume exploration is a highly visual 

task, having a detailed volume is of great importance in the final product. 

The use of transfer functions to highlight regions of interest in volume data is the subject of 

many research projects as well as the design of functions using motion controls and gestures. 

 

5.2.4 EXPLODED VIEWS 

 

There are other techniques that take advantage of detailed high-resolution volumes which may be a 

valuable addition to this type of interface. One of these applications is explored by Bruckner (Bruckner 

& Gröller, 2006) and is based on exploded views for volume visualization of data. While transparency 

or cutaways can reveal regions of interest, they do so by removing parts of the context information, 

while with exploded views, information is preserved and available to the user at all times.  

 

Figure 30 - Example of an exploded view from Bruckners work . (Bruckner & Gröller, 

2006) 

 

 The benefits of this type of application seem obvious in an educational context, as it gives 

users a better context for each structure being studied, but applications and benefits in a medical 

context are still to be determined. However, the use of the Kinect with these tools may provide a 

greater level of interactivity, as and gestures and body movement may be used to control slicing of the 

volume and the effect of the “explosion” of the parts. 
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5.2.5 KINECT VOICE COMMANDS 

The Kinect also has the ability to identify certain voice commands. Some research projects have taken 

advantage of this in a surgical environment, but to properly use these controls, and to determine when 

to use then, a better and more detailed analysis of the surgical environment in needed. Voice 

commands cannot be obstructive to the surgical procedures and need to be easily identified by the 

Kinect.  

 

5.2.6 MOLECULAR FOLDING 

 

Despite the focus on Volume exploration and interaction, the Kinect may be used as a basis for other 

types of interaction. One of these is interaction with computer representations of molecules. Using the 

same base architecture for volume interaction as Voxel Explorer, an application may be developed for 

interacting with molecule strands to resolve protein folding problems, which are normally a 

computationally demanding task. 

 

 

Figure 31 - Molecule strand in Unity3D 

 

Using this interface, users would be able to solve this type of problem interactively and without 

the need for limiting or complex hardware. Other software, such as FoldIt (FoldIt, 2015) an online 

game where players solve real problems posted by the industry, try to learn from users how to better 

solve these problems and could potentially benefit from three dimensional interaction using the Kinect, 

which is already available at several homes around the world.  
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5.3 CONCLUSION 

 

With volume rendering being such a valuable and present aspect of clinical procedures, interfaces 

need to allow for an effective and interactive way of exploring medical data, not just in an educational 

context, but during surgical procedures as well. 

 Most techniques developed to improve understanding and interactions with medical data 

require limiting and cumbersome equipment and are not applicable in many recurring situations. The 

Kinect, and its ability to track motion and gestures without the need to wear any special equipment, is 

a valuable tool that has been used even in sterile environments to allow physicians a more interactive 

visualization of medical images.   

 The use of a third dimension, while unfamiliar at first, can result in a much more direct 

manipulation of volume data and can produce faster results when compared to traditional applications.  

Voxel Explorer has shown to introduce several aspects that improve upon WIMP interfaces and gives 

both those with and without a medical image background an easy to use tool for medical volume 

manipulation. 

 However, noisy measurements and incorrect gesture recognitions are still great limitations that 

need to be addressed before this tool can be used in a real-life surgical scenario. Other improvements 

include better graphical quality and interface display.   

 The ultimate goal of bringing these techniques together is to create a platform that can provide 

an interactive way of exploring medical volumes for students and a robust yet easy to use tool for 

surgeons to use before and during surgery. But which techniques to use, and how to use them, is an 

important matter that can only be properly determined with the intimate collaboration between 

developers and medical professionals.  
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APPENDIX 

APPENDIX 1 – USER TEST GUIDELINES 

Testes de Utilizador 

 

No início de cada sessão de testes é determinado qual o teste que será realizado. Para manter o 

número equilibrado, vai alternando o teste a cada sessão. Os testes serão feitos 3 vezes para cada 

plataforma (a primeira vez é de treino), utilizando 3 volumes diferentes.  

 

- Explicação sobre os testes a realizar e o seu propósito. 

 

- Testes no PC: 

 1 – Habituação: Explicação dos controlos, ferramentas, ambiente de trabalho etc… Dar tempo 

ao utilizador de se habituar aos controlos. De forma a ajudar a este processo, pedir para fazer uma ou 

duas tarefas simples. 

 2 – Controlo do volume:  

- Apresentar 5 posições e orientações aleatórias e pedir para obterem um resultado 

semelhante. Cronometrar o tempo que demora a obter cada orientação. 

 3 – Cortar o volume segundo os eixos: Encontrar a estrutura desejada. 

4 – Cortar o volume com o software alternativo e encontrar a mesma estrutura 

 5 - Tirar medidas: Tirar uma medida de comprimento, ângulo e colocar uma etiqueta na 

estrutura e cronometrar o tempo.  

 . 

 

- Testes no VE: 

 1 – Habituação: Explicação dos controlos, ferramentas, ambiente de trabalho etc… Dar tempo 

ao utilizador de se habituar aos controlos. De forma a ajudar a este processo, pedir para fazer uma ou 

duas tarefas simples. 

 2 – Controlo de Volume: 

 - Apresentar 5 posições e orientações aleatórias e pedir para obterem um resultado 

semelhante utilizando o movimento livre. Cronometrar o tempo que demora a obter cada 

orientação. 

- Apresentar 5 posições e orientações aleatórias e pedir para obterem um resultado 

semelhante utilizando o movimento drag. Cronometrar o tempo que demora a obter cada 

orientação. 

 3 – Utilizar a clipping box: Pedir ao utilizador para identificar uma dada estrutura nas imagens 

e cronometrar o tempo. 
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 6 – Tirar medidas: Tirar uma medida de comprimento, ângulo e colocar uma etiqueta na 

estrutura e cronometrar o tempo. 

 7 – Mostrar as funcionalidades de Frame e Clipping Plane de forma a obter feedback no 

questionário. 

 

- MirrorMe: 

 

 1 – Explicação informal dos controlos  

 

 2 – Utilização livre da plataforma. 

 

 3 – Realização de um jogo. 

 

- Resposta aos questionários. 
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APPENDIX 2 – VOXEL EXPLORER USER MANUAL 

Manual de Utilização do Voxel Explorer 

A interacção com a aplicação Voxel Explorer é feita maioritariamente com gestos, sendo que o rato 

apenas é necessário para seleccionar o teste desejado.  

Quando o utilizador movimenta as mãos, a posição destas é representada no ecrã por dois cursores. 

Para interagir com o volume, o utilizador tem de colocar o cursor da mão esquerda em cima do 

volume e utilizar os seguintes gestos: 

 - Dedo indicador levantado para efectuar a traslação do volume, onde o volume toma a 

posição do cursor 

 - Mão fechada para a rotação do volume. Ao fechar a mão e movimentá-la numa dada 

direcção, o volume é orientado nessa direcção.  

Manter a mão esquerda aberta, com a palma da mão virada para o Kinect, é aconselhável para evitar 

interacções acidentais. Para rodar o volume de forma alternativa, o utilizador pode activar a 

funcionalidade Drag e rodar o volume fechando a mão e “arrastando” o cursor sobre o ecrã.  

A selecção de funcionalidades é feita posicionando os cursores fora dos limites laterais do ecrã, 

seleccionado a funcionalidade desejada (marcada a amarelo), movendo as mãos verticalmente e 

activando a mesma fechando a mão durante 2 segundos (enquanto a mão estiver fechada, o botão 

da função seleccionada mudará para vermelho). 

No menu do lado esquerdo, o utilizador pode seleccionar a opção para mudar a luminosidade 

(Brightness) e janela de opacidades (Window) aplicada ao volume. Em ambos os comandos, o 

utilizador usa o indicador da mão esquerda para usar as funcionalidades, movendo o cursor para a 

direita (aumentando o brilho ou eliminado os voxels mais escuros) ou para a esquerda (diminuindo o 

brilho ou revelando os voxels mais escuros). Ambas estas alterações podem ser desfeitas (Reset 

Brightness e Reset Window). 

Para instanciar ou apagar o volume desejado, o utilizador necessita apenas de seleccionar as 

funcionalidades Instanciate Volume e Delete Volume no menu do lado esquerdo.  

No menu do lado direito, existem três tipos de funcionalidades: medição, planos de corte canónicos e 

plano livre. 

Os planos canónicos (Clipping Box) são controlados utilizando o indicador esquerdo quando o 

cursor estiver sobre o plano desejado, sendo que este só pode ser movido ao longo do seu eixo. Ao 

manipular o eixo, o volume será cortado segundo a sua posição, revelando estruturas interiores. O 

plano livre (Clipping Plane) serve a mesma função, mas é controlado de forma semelhante ao 

volume, existindo apenas um. 

As medições são realizadas colocando marcadores sobre o volume ou sobre o plano livre. A medição 

de comprimentos requer a colocação de dois marcadores (Measure over Volume e Measure over 

Plane), a medição de ângulos requer 3 (Angle over Volume e Angle over Plane), sendo que o 

utilizador também tem a hipótese de colocar um único marcador isolado (Tag on Volume e Tag on 

Plane).  
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Para colocar os marcadores, o utilizador posiciona o cursor esquerdo com o dedo indicador na 

posição desejada, ou seja, onde pretende colocar o marcador, e utiliza a mão direita para o colocar, 

fechando e abrindo a mão. O cursor utilizado nestas funcionalidades aparecerá vermelho quando a 

marcação não é possível e verde quando é possível.  
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APPENDIX 3 – MIRRORME USER MANUAL 

Manual de Utilização do MirrorMe 

 

A aplicação MirrorMe funciona maioritariamente à base de gestos sendo que apenas um clique do 

rato seja necessário para abrir a aplicação. 

Na janela principal o utilizador pode seleccionar a parte do corpo desejada com a mão direita, sendo 

que uma vez seleccionada a parte do corpo um painel será aberto do lado esquerdo do ecrã com 

informação relevante. Para desseleccionar a parte do corpo actual, o utilizador tem de apresentar a 

palma da mão direita ao Kinect durante 2 segundos.  

Caso esteja disponível, o utilizador pode visualizar um volume de uma dada estrutura do corpo ao 

erguer o indicador esquerdo durante uns segundos quando essa estrutura estiver seleccionada na 

janela principal. O utilizador pode então mover o corpo de forma a ver a estrutura de diferentes 

ângulos e até usar a distância ao Kinect para aplicar filtros de opacidade diferentes ao volume. Para 

voltar à janela principal, apenas necessita de erguer o indicador esquerdo uns segundos novamente.  

O utilizador também pode fazer um quiz, levantando a mão direita fechada acima da cabeça. O quiz 

apresenta perguntas às quais a resposta é uma das partes do corpo. O utilizador selecciona a parte 

do corpo desejada e esta é submetida como resposta levantando o indicador esquerdo. O jogo acaba 

se o tempo chegar ao fim, se o utilizador cancelar o jogo, levantado a mão esquerda fechada acima 

da cabeça, ou respondendo às 10 perguntas, sendo que cada resposta correcta equivale a 10 pontos 

e cada resposta errada equivale a – 5 pontos. 

Para voltar à janela principal, o utilizador tem de erguer a palma da mão acima da cabeça durante 

uns segundos.  

Em todas as janelas, instruções de como utilizar a aplicação estão presentes para o utilizador. 
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APPENDIX 4 – VOXEL EXPLORER SURVEY 

 

Questionário - Voxel Explorer 

Questionário a responder após os testes realizados com o Voxel Explorer. 

  

Nº de utilizador:  

 

Idade:  

 

Género: 

Masculino 

Feminino 

 

Habilitações Literárias: 

Ensino Secundário  

Licenciatura 

Mestrado 

Doutoramento 

 

Qual o background que possui? (ex. engenharia, medicina, arquitectura) 

 

Qual a sua mão dominante? 

Direita 

Esquerda 

 

Já experimentou algum dispositivo de interacção espacial gestual? (ex. Kinect, Wiimote,…) 

1 – Sim, frequentemente  

2 – Sim, poucas vezes 

3 – Não, mas tenho conhecimento 

4 – Não, tenho pouco ou nenhum conhecimento 

 

Qual a sua experiência com imagens médicas? 

1 – Nenhuma  

2 – Básica 

3 – Razoável  

4 – Profissional 
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Transformações Geométricas 

 

Qual a dificuldade que sentiu ao fazer as seguintes tarefas? 

 

 1 – Muito difícil 2 3 4 – Muito Fácil 

Rotação livre     

Arrastar     

Segundo os 

eixos 
    

 

 

Qual a dificuldade sentida ao fazer a translação com cada tipo de controlos? 

 

 1 – Muito difícil 2 3 4 – Muito Fácil 

Livre     

Segundo os 

eixos 
    

 

 

Como classificaria a interacção com os eixos? 

1 – Muito difícil 

2  

3  

4 – Muito Fácil 

 

Qual o nível de dificuldade que atribuiria à combinação de controlos? 

1 – Muito difícil 

2 

3  

4 – Muito Fácil 

 

Considera que algum comando fosse desnecessário ou que poderia ser implementado de forma 

melhor? Se sim, qual? 
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Funções 

 

Qual a dificuldade que sentiu ao fazer as seguintes tarefas? 

 1 – Muito difícil 2 3 4 – Muito Fácil 

Manipulação da 

posição do 

plano de corte 

    

Manipulação da 

rotação do plano 

de corte 

    

Manipulação 

dos planos de 

corte segundo 

os eixos 

    

 

 

Qual a dificuldade que sentiu ao fazer as seguintes tarefas?  

 1 – Muito difícil 2 3 4 – Muito Fácil 

Medição de 

Distâncias  
    

Medição de 

Ângulos  
    

Marcação      

 

 

Que dificuldade sentiu em obter os resultados pretendidos em cada volume? 

 1 – Muito difícil 2 3 4 – Muito Fácil 

Volume 1     

Volume 2     

Volume 3     
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GUI - Graphics User Interface 

O que sente em relação à quantidade de botões na interface? 

1- Demasiado complicado 

2-   

3-   

4- Demasiado simplista 

 

O que sente em relação à disposição e utilização dos menus? 

1- Difícil de utilizar 

2-   

3-   

4- Fácil de utilizar 

 

Considera que os limites do ecrã utilizados são apropriados para as tarefas que desempenhou? 

1 – Sim  

2 – Não, demasiado grande  

3 – Não, demasiado pequeno 

 

Considera que existe uma falta de feedback de informação? Se sim, em que aspecto? 

 

 

Qual a sua opinião sobre a caixa de dimensões que envolve o volume? 

1 – Obstrutiva 

2 –   

3 – 

4 – Informativa 
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Gerais 

 

Sentiste que os teus movimentos foram bem traduzidos para o volume? 

1 – Muito mal 

2 – 

3 –  

4 – Muito Bem 

 

Quais foram as tuas maiores dificuldades ao mexer na plataforma? 

 

Há alguma funcionalidade que achou especialmente difícil de utilizar? Se sim, qual? 

 

Há alguma aplicação ou funcionalidade que considera estar em falta? Se sim, qual? 
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APPENDIX 5 – VOLVIEW SURVEY  

Questionário - Volview 

Questionário a responder após os testes realizados com o Volview. 

 

Transformações Geométricas 

 

Qual a dificuldade sentida ao fazer a rotação dos volumes? 

1 – Muito difícil 

2 –  

3  –  

4 – Muito Fácil 

 

Qual a dificuldade que sentiu ao fazer a translação do volume? 

1 – Muito difícil  

2 –  

3 –  

4 – Muito Fácil 

 

Qual o nível de dificuldade que atribuiria à combinação de controlos? 

1 – Muito difícil  

2 –  

3 –  

4 – Muito Fácil 

 

Considera que algum comando fosse desnecessário ou que poderia ser implementado de forma 

melhor? Se sim, qual? 
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Funções 

 

Qual a dificuldade que sentiu ao fazer as seguintes tarefas? 

 1 – Muito difícil 2 3 4 – Muito Fácil 

Manipulação da 

posição do 

plano de corte 

    

Visualização das 

fatias segundo 

os eixos 

    

 

 

Qual a dificuldade que sentiu ao fazer as seguintes tarefas?  

 1 – Muito difícil 2 3 4 – Muito Fácil 

Medição de 

Distâncias  
    

Medição de 

Ângulos  
    

Marcação      

 

 

Que dificuldade sentiu em obter os resultados pretendidos em cada volume? 

 1 – Muito difícil 2 3 4 – Muito Fácil 

Volume 1     

Volume 2     

Volume 3     

 

GUI - Graphics User Interface 

O que sente em relação à quantidade de botões na interface? 

1 - Demasiado complicado 

2   

3   

4  - Demasiado simplista 

 

O que sente em relação à disposição e utilização dos menus? 

1- Difícil de utilizar 

2-   

3-   

4- Fácil de utilizar 
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Considera que existe uma falta de feedback de informação? Se sim, em que aspecto? 

 

Gerais 

 

Sentiste que os movimentos do rato foram bem traduzidos para o volume? 

1 – Muito mal 

2 – 

3 -  

 4 – Muito bem  

 

Quais foram as tuas maiores dificuldades ao mexer no programa? 

 

Há alguma funcionalidade que achou especialmente difícil de utilizar? Se sim, qual? 

 

Há alguma aplicação ou funcionalidade que considera estar em falta? Se sim, qual? 
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APPENDIX 6 – FINAL SURVEY  

Questionário Final 

Preencher este questionário apenas após ter preenchido os dois restantes sobre o Voxel Explorer e o 

VolView 

 

Transformações Geométricas 

 

Que controlos prefere ao manipular a rotação do volume? 

1 – Teclado + Rato 

2 – Controlos gestuais 

 

Que controlos prefere ao manipular a posição do volume? 

1 – Teclado + Rato 

2 – Controlos gestuais 

 

Acha que a opção de controlar volumes (rotação e translação) segundo os eixos é uma mais valia no 

Voxel Explorer? 

1- Inútil 

2-  

3 –  

4 – Bastante útil 

 

Achou que a utilização de controlos gestuais é significativamente mais fatigante que a utilização de 

Rato + teclado? 

1- Muito cansativo;  

2-  

3-  

4- Nada cansativo; 
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Funções 

 

Com que aplicação achou preferível realizar cada função? 

 1 – Volview 2 – Voxel Explorer 

Aplicação de indicadores   

Medições   

Plano de corte arbitrário   

Planos de corte segundo os 

eixos 
  

 

 

Achou que a manipulação dos planos de corte segundo os eixos no Voxel Explorer ofereceu uma 

melhor noção espacial do volume, em relação à visualização das fatias no VolView? 

1- Inútil  

2-  

3 –  

4 – Bastante útil 

 

MirrorMe 

 

Considera que a forma de apresentação de informação anatómica e dos volumes ajuda à 

compreensão da mesma em comparação com a apresentação de um livro ou imagem estática? 

 

 Conseguiu apreender todos ou a maioria dos conceitos anatómicos apresentados? Se não, porquê? 

 

Sentiu que a utilização do próprio corpo ajudou à identificação dos conceitos apresentados? 

 

Achas que a visão de retaguarda permite uma compressão visual da anatomia que não alcanças com 

o teu olhar? 

 

Que problemas acha que estão relacionados com a utilização de uma plataforma deste tipo e que 

sugestões propõe para tirar um melhor partido dela? 
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APPENDIX 7 – AUTHORIZATION FORMS FOR USE OF 

IMAGE 

 

 

 

TERMO DE AUTORIZAÇÃO DE USO DE IMAGEM 

 

 

Eu, __________________________________________, portador(a) do Cartão do Cidadão nº 

____________, AUTORIZO a captura e utilização da minha imagem na realização dos testes de 

utilizador no âmbito da tese “Novel Spatial Interaction Techniques for Exploring 3D Medical Images ” 

no Instituto Superior Técnico. 

 

A presente autorização cede ao grupo de investigação Vimmi o direito de utilizar a gravação acima 

referida para fins académicos e de investigação sem nunca ceder a terceiros. 

 

 

 

 

  

   Professor Joaquim Jorge                                                                               Assinatura 

________________________    _____________________ 

 

 


