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Abstract. In the last few decades, there has been a continuous integration between 

technology and healthcare, especially mobile healthcare. Physicians already take 

advantage of currently available desktop and mobile software to perform their work, 

although current visualization systems still rely on interaction approaches that do not go 

beyond 2D interfaces. Volumetric medical images visualization has become a reality 

and the current 2D interactions have become obsolete and inefficient in 3D spaces. The 

advent of portable devices, such as tablets, allied with the need to explore and enhance 

3D manipulation techniques, build novel input interfaces and interaction mechanisms 

while providing at the same time a collaborative tool for volumetric image edition and 

visualization is what this document tries to address. We propose a solution to integrate 

and combine mobile devices with powerful 3D rendering engines in a possible 

collaborative setup, offering novel 3D interactions with tangible and spatially aware 

mobile touch devices. Despite the difficulty to schedule a collaborative medical 

experience with physicians, which made it impossible to fully test the solution, we were 

able to conceptually validate the proposal with professional feedback and through a 

comprehensive set of interaction experiments with laypeople. The results obtained 

appear to be a promising improvement in medical visualization and interaction tools. 
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1. Introduction 

Symbiotic relation between medicine and technology has become a research topic 

useful to obtain improved results in surgical scenarios and clinical procedures, as well 

as brand new interactive, excitant and engaging ways to lecture medical contents. 

Mobile technology has become a factor of such importance to healthcare, making it 

possible to reach new horizons and paradigms in computer science. Despite the 

notorious advances in 3D medical visualization, there is still a deficit regarding the 

development of 3D interaction mechanisms and methodologies, leading to a direct 

mapping of 2D to 3D interaction techniques, which does not exploit the touch and 

spatial interface potential.  

Medical imaging specialists have traditionally used keyboard and mouse based 

techniques and interfaces for examining both 2D and 3D volumetric medical images 

based on familiar WIMP metaphors, these techniques have become increasingly 

cumbersome for imaging specialists [1]. Such interface techniques do not 

accommodate well on how medical staff manipulate and reason about 3D images. 
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Novel interface design and interaction techniques are required so that healthcare 

practitioners can spend less time struggling with unfriendly user interfaces and more 

time dedicated to diagnosis or surgical navigation. Mobile devices present an 

effective solution to replace 2D traditional techniques, offering means to explore and 

navigate complex 3D medical data sets, also providing increased fluidity and 

flexibility [1]. Also, current medical applications do not provide the concept of 

collaboration during this medical task, not offering any specialized tool for medical 

doctors to perform collaborative diagnosis [2]. 

In this project, tablets gain special notoriety providing user easy acceptance, as 

well as perceptive handling [3], as they will be used as a multipurpose input device 

allied with a sketch-based interface. Tablets will allow a more natural interaction with 

3D images, acting as a 3D cursor in space, allowing content to be clipped, anatomical 

parameters measured and transfer functions designed through a sketch-based 

interface. Spatially aware handheld displays are a promising approach to interact with 

complex information spaces in a more natural way by extending the interaction space 

from the 2D surface to the 3D physical space around them [4]. Interested users, 

namely, radiologists, surgeons, medical students, medical illustrators and even 

patients, will be around the tabletop or wall carrying tablets and interacting with the 

content while collaborating and discussing at the same time. Such interaction 

techniques that promote collaborative task completion, combined with a powerful 

volume rendering engine, can allow the direct manipulation of large 3D medical 

image datasets with touch and spatial interfaces. 

2. Related Work 

2.1. Touch Medicine: Going Mobile 

Almost all modern medicine surgery treatment relies on 3D imaging techniques, 

which transforms 2D slices in 3D images, such as MRI and CT scanners [5]. The 

emerging problem relies on actual interfaces and controllers inability to explore and 

interact with 3D images, taking away the forthcoming potential and progress made in 

3D rendering volume visualization. Current workstations for medical image reading 

support standard modalities, allowing basic navigation through images such as: 

annotation, marking and quantification of structures. 

Tablet devices have reached the complexity needed to be an excellent portable 

digital tool, to access and communicate to every other machine. Although portability 

and manageability are important aspects to retain from tablet devices, many research 

projects are developed based on other versatile components of these computational-

rendering powered machines gifted with high-tech sensors, making them a unique 

tool capable to add a wow factor to any system. 

2.2. Collaborative Work 

The tablet connectivity possibilities allow us to build a scenario where users can 

interact, without worrying about a physical connection [7]. Despite the remarkable 

growth in the medical image processing capabilities, little progress has been made in 
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the mechanisms that enable real-time interactive collaboration among multiple users, 

such as some initial research projects for telemedicine [8]. Current multi-touch 

smartphones and tablets are very promising tools for cooperative clinical workflows. 

Together with wireless connectivity they can also extend their collaborative 

capabilities enabling access to relevant patient information at different places [9]. 

2.3. 2D to 3D Interaction 

In the traditional 2D graphical user interface, the combination mouse-keyboard 

established itself as the standard, yet there is no definite winner for 3D interfaces. 

Difficulties in establishing a standard 3D input device include: engineering challenges 

related to sensor technologies, limited knowledge about effective ways for humans to 

interact with virtual 3D environments, and also task-specific demands and constraints 

[10]. Therefore, easy-to-learn interaction techniques need to be considered in order to 

simplify the exploration of the 3D models and reduce the learning effort [9]. 

Traditionally, imaging specialists have preferred 2D visualization approach 

with keyboard-mouse based interfaces over 3D visualizations because are still less 

practical to interact than 2D ones. The difficulty with many of these techniques is that 

in the context of medical imaging, some of the input mechanisms may be obtrusive or 

require additional training to be properly utilized [1]. 

2.4. Spatial Interaction 

Limitations while interacting with mobile devices are associated with users’ 

fingers, hands, or arms blocking part of the screen, which in medical context means 

blocking part of diagnostically relevant information. This is particularly impractical 

when doctors discuss images with either their patients or colleagues [6]. While touch 

allows for a more direct manipulation, it suffers from the well-known ‘fat finger’ 

problem, which can interfere with the displayed data. To overcome this problem the is 

the need to explore the space around tablet  [11]. This way, users do not block their 

view on relevant images details with their fingers, hands, or arms, although 

manipulating input devices in free space can easily fatigue the user. In general, to 

perform a task, the user’s perceptual system needs something to refer to. Using a 

spatial reference (tablet) is one way to provide this perceptual experience. 

3. Voxel TACS 

The result of all the work developed is: Voxel TACS a tool that unites and 

upgrades the novel interactions developed in the projects: Voxel TIPS [12] and Voxel 

Explorer [13], also capable of perform those same tasks in a collaborative scenario. 

3.1. System Architecture  

The software system is composed by two main applications: Voxel TIPS and Voxel 

TACS. The main purpose of this project was to develop a tool for visualization and 

another one for interaction. It was our main goal to make the system as modular, 

scalable and multi-purpose as possible. This means, splitting the project into an 
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application that is responsible for the visualization mechanisms and another one for 

interaction and communication purposes. 

 

Figure 1 – Simplified system architecture scheme. 

Every modification made with touch interaction is received by the client module 

through direct function call (1) and sent to the server via RPC protocol (2). If the 

spatial recognition system is on, the motion capture cameras can detect the reflective 

markers on TACS devices to obtain its position and orientation (3). These camera 

sensors use Motive software (4) that broadcasts its content using UDP. The server 

contains an UDP listener that receives the correspondent TACS data (5). Every update 

from touch and spatial interaction it is sent to server through RCP (2) and UDP (5). 

 

 
Figure 2 – Schematics of Voxel TIPS architecture and interactions. 

In the Figure 2 schematics it is illustrated an abstraction of TIPS application that is 

centered in the Volume Renderer engine. The system contains an Image Loader (4) 

that can read, on the fly, medical images into the system. The Interaction Module (6) 

stays intact and can be activated if the Display Screen (7) supports touch interaction. 

TIPS API module contains a Network Shared Object (2) that is responsible to receive 

data from connected clients in the network (1) through the available and shared 

remote functions. This data is locally sent to the Volume Renderer (3). To support 

spatial interaction through motion capture, it was created an UDP Receptor (5) that 

listens in a specific port and applies the received broadcasted data directly to the 
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Volume Renderer. The volume itself and all the received content that modifies it, is 

visualized in the Display Screen (7) - which can be a: TV, PC, Wall or a Tabletop. 

3.2. System Functionalities 

Functionality Description 

Voxel TIPS 

Image Loading Loads 2D image slices used in current viewers into the system. 

Voxelize Out of the 2D slices loading renders a 3D volume. 

Settings 
Changes the volume resolution and removes black undesired black 

voxels from the volume, making volume lines and edges more visible. 

Manipulation 
Touch interface for volume for multi-finger volume manipulation, if 

displayed in a tabletop. 

Open-Box Widget 
Interaction shortcuts to obtain one of the six basic predefined 

orientations of the volume (front, back, up, down, left, right). 

Voxel TACS 

Sketching 2D sketch interface to apply the resulting sketch to the 3D content. 

Image Download Download from the server the 2D slices that compose the 3D volume. 

Measuring Takes length and angle measures over 2D medical images. 

Touch Interaction Allows the user to manipulate 3D data with multi-touch interaction. 

Spatial Interaction 
Allows the user to manipulate 3D data through the usage of a 3D 

cursor in space. 

Table 1 – Voxel TIPS and TACS functionalities summary. 

4. Evaluation 

4.1. Participants Profile 

The user tests were carried out with 15 people, age 18 to 35 years, belonging to 

Informatics, Electronics, Biomedical and Food Engineering courses, and also Cinema, 

Video and Multimedia courses. From these, 13 were men and 2 were women. All 

users had touch devices, such as smartphones or tablets, and the great majority (75%) 

of the users already took advantage of the built-in device accelerometer to interact. 

4.2. Tests Setup 

To determine and validate if Voxel TACS can be a complementary tool or even 

a suitable alternative to traditional WIMP interfaces in medical software there was the 

need to evaluate the system performance while executing several standard tasks (done 

by physicians) using Voxel TACS (touch and spatial), traditional WIMP software and 

Voxel Explorer, a novel gestural manipulation interface [13]. Table 2 synthetizes the 

performed tests in the following away: For each system (total of 4) the tests were 

divided in two parts, each one composed by 5 time measured tasks. 
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Task # Translation Rotation Scale Vertical Clip Horizontal Clip 

Part One 

1 ×     

2  ×    

3 × ×    

4 × ×    

5 × × ×   

Part Two 

1    ×  

2     × 

3 × ×  ×  

4 × ×   × 

5 × × × ×  

Table 2 – Interaction content of each test task. 

5. Results 

5.1. Task Results 

In order to evaluate users’ performance when interacting with the four system 

interfaces, the timed interaction data collected from users while performing each task 

for each system was gathered and compared. The following results will be used to 

determine which interface can achieve the desired results for task completion in the 

least amount of time 

 

Figure 3 – User time performance comparison for Part One tasks. 

Figure 3 task results create an opposition statement to the results obtained in 

Parreira’s master thesis [13] with Voxel Explorer free rotation tool. In his work, it 
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was verified that Voxel Explorer techniques were in some way similar, or even better, 

to the ones used in traditional software. In VolView software the standard deviation is 

always much relevant than the one found in the TACS interfaces, this is specially 

noticed in intense rotation tasks (Task 2 and Task 3), due to the fact that the rotation 

used in traditional software does not use a rotation axis inside the volume, but rotates 

around a fixed point in space. Touch and Spatial interfaces have similar outcomes, 

and surprisingly the spatial interface overcomes in every task the results obtained with 

touch interaction. This can be explained by the simplicity of the spatial interface to 

achieve translations and/or rotations. 

 

Figure 4 – User time performance comparison for Part Two tasks. 

When comparing, in Figure 4, VolView with Voxel TACS (Spatial and Touch) we 

can observe a slight improvement in this kind of tasks. The simplified manner that the 

user could select the face to clip in both TACS interfaces, is demonstrated in the 

measured time results. The more complex tasks (Task 2 and Task 4), that involved a 

more complex thinking and navigation through the system, are an example on how 

well the simplification of face selection through the open-box widget was well 

received and understood by the users. This technique compared to the standard 

visualization software (VolView) shown great progress, since there is no need to 

rotate, translate and select imaginary planes to clip as it happen in VolView. One 

thing to notice is that, once again, standard deviation in Voxel TACS is always 

smaller than the traditional software used. This task results meet the results obtained 

in Parreira’s master thesis with Voxel Explorer clipping tool. The problems with 

Kinect recognition, adding to the poor interface design made Voxel Explorer a 

difficult tool to quickly perform clipping tasks. The spatial interfaces outcomes, had 

an interesting but predictable result, in the first two tasks where the users only needed 

to perform a clip over a volume face, the results become similar in both spatial and 

touch interfaces, with the touch interface being slightly better. However, when the 

tasks implied a combination of clipping, translation and rotation, the spatial interface 

overcomes the touch interface. This can be explained by the simplicity of the spatial 
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interface to switch from clipping to free manipulation, which did not happen in the 

touch interface. 

5.2. Survey Results 

In order to evaluate user experience, multiple choice answers were presented in 

a scale between 1 and 4, where 1 represents the most negative answer and 4 

represents the most positive answer. Relevant questions were related to the execution 

of standard medical tasks: translation (1), rotation (2), scaling (3) and combining all 

the controls (4). Starting with the first question (1), all systems obtained a close 

response, which is supported by the timed results obtained in the previous topic. To 

note that the users preferred to use the traditional point and click strategy (m=3,80; 

sd=0,41), although both touch (m=3,60; sd=0,63) and spatial (m=3,53; sd=0,64), also 

obtained satisfactory interaction results. Regarding question number two (2), users 

clearly find it hard to achieve the desired results with Voxel Explorer. Touch interface 

was clearly the most easy to use (m=3,67; sd=0,49), even though the users obtained 

faster timed results with the spatial interface. This can be explained by the fact that 

users needed to manipulate and rotate the tablet in their hands in order to rotate the 

volume, which could not be a comfortable position to be at. Both touch and spatial 

performed better in terms of ease to use than the standard software. Scaling (3) was a 

really easy to use tool in VolView (m=3,60; sd=0,63) but so it was with both TACS 

interfaces. Touch and Spatial obtained the same exact result (m=3,73; sd=0,46). 

Finally, the combination of all controls (4) was easier to use with the touch interface 

(m=3,40; sd=0,51), the spatial interface (m=3,27; sd=0,59) was closer to the touch 

one. Traditional software, VolView (m=2,87; sd=0,74), scored lower than Voxel 

TACS interfaces mainly due to the need to constantly ‘point and click’ to achieve the 

desired position and orientation. 

When asked about the difficulty of performing clipping tasks with VolView, 

70% of the users find it easy to select the clipping plane, although manipulating it 

divided the users opinion with 53% answering that was difficult or very difficult. 

With the touch interface 80% of the users find it easy or very easy (50%) to select the 

clipping plane, in contrast with VolView, all the user find it easy or very easy to move 

clipping plane, which was an improvement to this kind of interaction. In the spatial 

interface 50% of the users find it very easy to use, and 73% found it easy or very easy 

to use, which was better than traditional software but not as good as the touch 

interface. Once again, this results contrast with the timed task, since the touch 

interface was slightly worst in terms of performance compared to the spatial interface. 

These results happened because, even though the user was faster moving its tablet 

around space it had to perform more physical effort during the tasks, which did not 

happen with the touch Voxel TACS.  

5.3. Professional Feedback 

Dr. Vitor Nunes (General Surgery Director of Hospital Professor Doutor 

Fernando Fonseca) was presented with a real-time demo of the Voxel project. He had 

the opportunity to interact with the rendering engine used, as well as with some 

interaction techniques that were developed. This demo was of extreme importance to 

notice some gaps in the tools used in surgical planning and to understand the valuable 
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addition that this project can be to medical education and collaborative medical 

review. It was also stressed that this type of interactive systems would upgrade the 

way medicine is taught, offering a great variety of exemplificative anatomical 

structures and manipulation that books cannot offer. A strong issue emphasized by 

Dr. Vitor Nunes was how surgical planning occur in hospitals. Physicians from 

different specialty fields group around a fixed screen display interacting once at a 

time with the available images, sharing a mouse and keyboard connected to a 

workstation. The usage of a tool such as we present in a surgical collaborative 

environment would be relevant and a synonymous of improvement.  

The visit to the dental clinic, guided by Prof. Dr. Alves de Matos, was a great 

opportunity to understand how dentists work and the tools that are currently used in 

this specialty. It was possible to find some important clinic scenarios where the 

technology developed could have an impact. In specific endodontics scenarios, such 

as root canal treatment, a navigable 3D volume would be of extreme usefulness to 

analyze the canal with precision. Also, in dental health measuring lengths and angles, 

is of extreme importance during surgery planning for implants and endodontics. 

6. Conclusion 

In this document, we presented an exciting interaction design for tangible 

displays in a possible collaborative tabletop or wall environment. We believe that the 

proposed novel techniques will improve the naturalness of interaction with 3D 

volumetric images, especially in medical visualization techniques that play an 

essential role in current and future healthcare systems. A set of new interactions 

possibilities can emerge from this type of symbiosis and promote future research. The 

ultimate goal of bringing touch and spatial techniques together is to create a platform 

that can provide a novel interactive way of exploring 3D medical volumes for 

students and a robust yet easy to use tool for imaging specialists and surgeons to use 

before and during surgery. Although there is still the need of intimate collaboration 

with medical staff to determine the best interaction approaches to upgrade this project. 

Voxel TACS has shown to introduce several aspects that result in improvement 

upon WIMP interfaces, providing an easy to use tool for 3D volume manipulation. It 

was shown that users prefer Voxel TACS, which takes advantage of a touch spatial 

interface, instead of the traditional WIMP approaches. Touch interfaces should be the 

new standard for interaction, and the results obtained are an evidence in terms of 

productivity. Users’ naturalness to interact with touch screens makes it possible for 

them to improve its interaction skills with machines. The versatility, simplicity and 

user-friendly interface of this project, opens up a wide range of possible applications 

in several areas, not all of them limited to medical content. The usage of non-related 

medical people was important to test singular interaction techniques with 3D data 

since it provided different feedback from different backgrounds, which is relevant for 

manipulation and exploration systems. Spatial interaction is still a sci-fi theme but 

will have a huge impact on how people perceive and explore content. The results 

obtained make us predict that there will come the time where touch interfaces will 

stand as obsolete as WIMP interfaces. People are great with spatial references and 

associations and the obtained results in a confined and control environment were 
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astonishing and demonstrate the potential of 3D interactions in space. Nevertheless, 

the relevance of spatial interfaces in the history of human and machine interaction is 

still a mirage that step-by-step (study-by-study) can turn into reality. 

References 

[1] T. Seyed, F. M. Rodrigues, F. Maurer, and A. Tang, “Poster: Exploring 3D 

volumetric medical data using mobile devices,” 2014 IEEE Symp. 3D User 

Interfaces, pp. 173–174, 2014. 

[2] M. F. Pasha, S. Supramaniam, K. K. Liang, M. A. Amran, B. A. Chandra, and 

M. Rajeswari, “An Android-based Mobile Medical Image Viewer and 

Collaborative Annotation: Development Issues and Challenges,” Int. J. Digit. 

Content Technol. its Appl., vol. 6, no. 1, pp. 208–217, 2012. 

[3] K. Ponto, K. Doerr, T. Wypych, J. Kooker, and F. Kuester, “CGLXTouch: A 

multi-user multi-touch approach for ultra-high-resolution collaborative 

workspaces,” Futur. Gener. Comput. Syst., vol. 27, no. 6, pp. 649–656, 2011. 

[4] M. Spindler, W. Büschel, C. Winkler, and R. Dachselt, “Tangible displays for 

the masses: Spatial interaction with handheld displays by using consumer 

depth cameras,” Pers.Ubiquitous Comput.,vol. 18, no. 5, p. 1213–1225, 2014. 

[5] T. Seyed, F. M. Rodrigues, F. Maurer, and A. Tang, “Medical Imaging 

Specialists and 3D: A Domain Perspective on Mobile 3D Interactions,” Chi 

2014, pp. 2341–2346, 2014. 

[6] F. Ritter, F. Ritter, M. Harz, J. Al Issawi, S. Benten, and K. Schilling, 

“Combining Mobile Devices and Workstations for the Reading of Medical 

Images,” Mensch Comput. Work.,no. SEPTEMBER 2012, pp. 231–240, 2015. 

[7] M. De Souza, D. Dias, B. Carvalho, P. Barth, and J. V. Ramos, “Using 

acceleration data from smartphones to interact with 3D medical data,” Graph. 

Patterns Images (SIBGRAPI), 2010 23rd SIBGRAPI Conf., 2010. 

[8] S. R. Aziz and V. B. Ziccardi, “Telemedicine Using Smartphones for Oral 

and Maxillofacial Surgery Consultation, Communication, and Treatment 

Planning,” J. Oral Maxillofac. Surg., vol. 67, no. 11, pp. 2505–2509, 2009. 

[9] S. Birr, R. Dachselt, and B. Preim, “Mobile Interactive Displays for Medical 

Visualization,” Data Explor. Interact. Surfaces, pp. 28–31, 2011. 

[10] S. Subramanian and W. Ijsselsteijn, “Survey and Classification of Spatial 

Object Manipulation Techniques,” Proc. OZCHI 2000, pp. 330–337, 2000. 

[11] H. Rateau, L. Grisoni, and B. De Araujo, “Exploring Tablet Surrounding 

Interaction Spaces For Medical Imaging,” Proc. 2nd ACM Symp. Spat. user 

Interact., pp. 150–150, 2014. 

[12] A. Mendes, J. Jorge, and D. Lopes, “Transfer Function Design for Three-

Dimensional Medical Images Using Sketches Biomedical Engineering 

October 2015,” 2015. 

[13] P. Parreira, J. Jorge, and D. Lopes, “Novel Spatial Interaction Techniques for 

Exploring 3D Medical Images Biomedical Engineering October 2015,” no. 

October, 2015. 

 


