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Abstract 

Volume rendering applications are used in medical imaging in order to facilitate the 
analysis of three-dimensional image data. This study focuses on how to improve the 
usability of graphical user interfaces of these systems, by gathering user 
requirements. This is achieved by evaluations of existing systems, together with 
interviews and observations at clinics in Sweden that use volume rendering to some 
extent. The usability of the applications of today is not sufficient, according to the 
users participating in this study. This is due to a wide range of reasons. One reason 
is that the graphical user interface is not intuitive. Another reason is that the users 
do not rely on the technique to produce sufficient results that can be used in the 
diagnostic process. The issue of user confidence is mainly due to the problem of 
the generation and user control of the transfer functions used in volume rendering.  
 
Based on the results of the evaluation a graphical user interface, including the most 
important and frequently used functions, is designed. A suggestion for how the 
transfer function can be generated is presented.  
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1. Introduction  

New equipment for acquiring medical images is producing more and more image 
data. Hence, it is very important to develop new methods for visualisation and 
analysis. Volume rendering is a method for visualization of the image data that has 
been introduced as a tool for medical imaging.  
 
Today, volume rendering is used only at a limited number of radiology clinics 
around the world. But in the future it has the potential of becoming a standard 
method for medical imaging. To accomplish this, the technique has to be improved 
and new, more user-friendly applications need to be developed.  
 
This study focuses on how to improve the usability of the applications. To study 
the whole concept of usability, factors from several disciplines have to be 
considered. This is a very complex task and therefore the interviews in this study 
focus on gathering user requirements on the graphical user interface.  
 
The user requirements are compiled during interviews and observations at clinics in 
Sweden, which use volume rendering to some extent. The results of these 
interviews are presented in chapter 3. Based on these results a graphical user 
interface is designed, and is presented in chapter 4. Chapter 5 discusses more 
thoroughly the generation of transfer functions, which is the most central step in 
the volume rendering process. 
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2. Background 

This study focuses on how to improve the usability of volume rendering 
applications in medical imaging. The study is based on a broad range of research 
areas and the main purpose of this chapter is to introduce the reader to the 
different concepts used in this report.    
 
This chapter is divided into three main parts. The first part is a technical 
background, introducing the reader to the concept of medical imaging, volume 
rendering and transfer function generation in medical imaging. The second part 
describes the current users of volume rendering applications and introduces the 
reader to the usability problem. Finally the concept of user-centred design is 
described. This explains methods to be used in order to evaluate and improve the 
usability of volume rendering applications.  
 
 
 

2.1 Technical Background 
The main purpose of this part is not only to introduce the reader to volume 
rendering but also to briefly discuss different ways to produce medical images. In 
the part dealing with volume rendering a basic explanation of the concept transfer 
function is given. But because of its central part and importance in the volume 
rendering process a more thorough discussion about transfer function generation in 
medical imaging is given at the end of this section.      

2.1.1 Medical Imaging 
Today there are different modalities used to produce medical images. There are for 
example conventional flat-panel X-Ray, Mammography, Ultrasound, Computed 
Tomography imaging (CT) and Magnetic Resonance Imaging (MRI). In all of these 
examples the imaging can be produced digitally. MRI, CT and Ultrasound produce 
image datasets that can be used in volume rendering. Most frequently used in 
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volume rendering are MRI and CT and therefore, these two methods will be 
outlined in some detail in this chapter.    

Computed Tomography Imaging 

Data from Computed Tomography imaging (CT) is frequently used in volume 
rendering [Kal01]. This scanning offers a detailed view of many types of tissues but 
is especially useful when producing images of blood vessels and bone structures. 
Figure 1 shows a slice image of pelvis. It clearly illustrates how the CT scanning 
method brings out the bone structure in the image. 
 

 
Figure 1. A CT slice of a pelvis. 

 
CT uses the same principles as conventional X-Ray but in CT a detector that 
measures the X-Ray profile replaces the film. The X-Ray tube is mounted on one 
side and a banana-shaped detector is mounted on the opposite side of the CT 
scanner, figure 2.  
 

 
Figure 2. A sequence of X-Ray projections is used to reconstruct a slice through the object. 

 
The detectors register the amount of radiation that passes through different tissue. 
This value is often referred to as the Houndsfield Unit (HU) [Jac95]. In a 12-bit CT 
image the HU values often vary between -1000 and 1000. Different tissues 
correspond to different HU values, illustrated in figure 3. This scale is 
approximately the same for all patients. From the separate detector values a volume 
is constructed.  
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Figure 3. The Houndsfield Unit (HU) scale. 

 
The next generation of CT scanning is Multislice Computed Tomography (MSCT). 
The difference between conventional CT and MSCT is that MSCT has up to 16 
rows of detectors instead of one. This makes it possible to construct images of high 
resolution, which leads to a generation of large amount of image data. 

Magnetic Resonance Imaging 

Magnetic Resonance imaging (MRI) [Hor02] has been used in medical imaging 
since the beginning of the 80´s. For the image generation in MRI, a combination of 
a strong static magnetic field and time varying magnetic field gradients are used to 
induce a radio frequent signal. This acquired signal is transformed to the image 
domain using a Fourier transform. Due to the large number of possible 
combinations of scan parameters it is difficult to express the voxel values in a 
standardized scale, as is done in CT. 
 

 
Figure 4. A MRI slice of a head. 

 
MRI is very useful in diagnosing a variety of conditions and disorders affecting for 
example the central nervous system, orthopaedic structures, abdominal and pelvic 
organs and blood vessels. Figure 4 illustrates an MRI image slice of a head.  

2.1.2 Volume Rendering 
Both MSCT and MRI produce large amounts of 2D images. Conventional 
procedures where images are studied one at a time are then difficult and time 
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consuming to use. Instead the stack of images can be transformed into a volumetric 
dataset, which can be visualised using volume rendering [LCN98]. This gives the 
user a comprehensive view of the dataset, see example in figure 5.  
 

 
Figure 5. A volume rendered image of a blood vessels examination.  

 
In the same way as an image consists of quadratic pixels, the volumetric dataset 
consists of cubic voxels, see figure 6. If CT data is used the voxel values are the HU 
values. If MRI is used the voxel values are the energy density values. Volume 
rendering is the process of displaying the volume as an image on the screen. But in 
order to display the volume on screen the first step is to translate the voxel values 
into colour and opacity. This is accomplished by the transfer function, described 
next. The next step is to render the image and this is accomplished using any of the 
rendering techniques described under Rendering Techniques below. 
 

   
Figure 6. Pixels and voxels 

 

Transfer Function 

The transfer function is very important for the volume rendering process, since it 
determines which voxels and how much the voxels in the dataset will contribute to 
the image. The transfer function maps opacity and colour to each voxel value in the 
dataset. The process of assigning colour is referred to as colour mapping.  An 
opacity value of zero means totally transparent and a value of one means totally 
opaque. For example, if a bone fracture is to be studied, the transfer function is set 
so that voxel values that represent bone gets high opacity while other surrounding 
tissues get low opacity. This generates an image where only bone is displayed.  
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To use a histogram and a curve is the most common way to show the transfer 
function. In figure 7 the curve is a trapetsoid. The histogram curve shows the 
distribution of voxel values in the volume and corresponds to the right y-axis. The 
transfer function curve, a trapetsoid, shows the mapping of opacity and 
corresponds to the left y-axis. The example in figure 7 generates an image that 
displays voxel values around 500. If a CT dataset is used the volume image would 
display bone tissue. 
 
 

 
Figure 7. The histogram and transfer function curve.  

  
The transfer function generation is one of the most complicated procedures in the 
volume rendering process. It is very difficult to generate a standard transfer 
function that would result in displaying the same tissue for every patient. This is 
due to the fact that every examination generates different distributions of voxel 
values. For CT, each examination results in approximately the same distribution for 
each patient see description of HU scale. But when using MRI no such scale exists. 
The issue of transfer function generation in medical imaging is discussed more 
thoroughly in chapter 2.1.3. 
  
When the transfer function is set, different techniques can be used in order to 
render an image. The different rendering techniques will be described next.  

Rendering Techniques 

There are three groups of rendering techniques, Object-order rendering, Domain 
rendering and Image-order rendering. Object-Order rendering methods process 
samples in the volume based on the organisation of the voxels in the dataset [Kau]. 
Texture mapping is a special case of Object-Order rendering performed in 
hardware making use of either 2D or 3D textures [DKCea98]. Example of Domain 
rendering is Fourier volume rendering [Mal93]. Image-order rendering is 
conceptually easiest to understand and will therefore be described here.  
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Figure 8. Ray casting volume rendering.   

 
The basic idea behind image-order rendering, also called ray-casting, is to send a ray 
from each pixel in the image into the volume [Paw97], 
see figure 8. As the ray passes trough the volume, the data set is 
sampled at regularly spaced intervals. Each sample value is mapped to 
a colour and opacity according to the transfer function. The colour 
and opacity values are integrated along the ray to determine the final 
colour of the pixel [SML97]. 

2.1.3 Transfer Function Generation in Medical Imaging 
As mentioned earlier the generation of the transfer function is the key step in 
volume rendering since it determines what part of the volume should be visible to 
the user. This study focuses on the users point of view and therefore the generation 
of transfer function is also discussed in that perspective. Even though the problem 
to a large extent still lies in the development of smart algorithms for transfer 
function generation.  
 
Finding good transfer functions is known to be one of the most difficult problems 
in volume rendering and there is plenty of research going on in this area. One of 
the researchers in this area is Gordon Kindlmann, Cornell University. Kindlmann 
has written the paper Semi-automatic Generation of Transfer Functions for 
Volume Rendering, [Kin99], which is discussed more thoroughly later in this 
chapter. However, this is a relatively new area of research and existing results are 
currently insufficient.  
 
So far volume rendering has been used mostly for research purposes. Users that 
will use volume rendering in their clinical work do not have the knowledge, time or 
interest as the scientists have. This puts higher demands on the user-interaction and 
user-control of the transfer function generation. Sophisticated methods for transfer 
function generation are useless if the user interaction is not simple.  
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User-interaction and control of the transfer function generation 

There are several different solutions to identify the problem of user-interaction and 
user-control of the transfer function generation. But three general work procedures 
can be identified: 

• Manual generation. 
The user sets all parameters manually.  

• Semi-automatic generation.  
The user is guided by initial parameter settings before using manual control.  

• Automatic generation. 
A fully automatic method that leaves the user with no possibility to control 
the generation of the transfer function. 

 
These three ways of working with parameter settings give the user different 
possibilities to influence and control the result. The first uses no aid from the 
computer and requires skilled users. It gives the user total control over the 
generation of the transfer function but it can be very time-consuming since all the 
settings have to be done by hand. In the automatic transfer function generation, on 
the other hand, the user has no control over the generation. The computer makes 
all the calculations needed and the user can only look at the result in order to make 
a decision about the correctness of the image. Between these two extremes is the 
semi-automatic generation of transfer functions, which can be seen as a 
combination of both.   

Recent Research 

Four examples of recent research in the area of transfer function generation are 
discussed in [HBCea01]. These four approaches differ in the amount of user 
interaction required in order to get an image and are compared from that point of 
view.  
 
The first one uses only trial and error and the developers of this method stress the 
importance of human interaction and control over the visualisation. They mention 
the problem with automatic methods that generates images that fulfil the users 
expectations, but that are not necessarily the true nature of the data.   
 
The second method uses something called the contour spectrum [BPS97] to guide 
the user in his/her choice of transfer function. In this method different information 
about the dataset are calculated and presented to the user as a guide to where the 
interested parts, i.e. boundaries between different tissues, of the volume can be 
found. The information could for example be a gradient integral function.  
 
A semi-automatic generation is the third method discussed in the article. This 
method uses an edge detection concept in order to locate boundaries in the volume. 
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Both gradients and second derivatives are calculated and used to find a transfer 
function. This results in a three-dimensional transfer function. 
  
The last method has an automatic approach, where the user is presented a number 
of images with a wide range of possible parameter settings of the transfer function. 
The images are arranged in space according to the parameters. The user studies the 
images and clicks on them in order to find a transfer function. This method can be 
quite time-consuming since the user might have to click through several images 
before finding a good transfer function. The user does not have the possibility to 
control how the different parameter settings affect the image.  
  
In the article the semi-automatic generation is judged as the method with the best 
potential, since it did not require too much or too little human interaction. It is also 
judged most likely to stimulate future research in the area of automatic transfer 
function synthesis.  

2.2 The Use of  Volume Rendering in Medical 
Imaging 

Today the use of volume rendering applications in radiology is quite limited. There 
are only a small number of users in Sweden that incorporate the applications as a 
part of their clinical work. The primary reason is that it is still not necessary to use 
this technique to be able to make a diagnosis. But when the next generation of 
MSCT (Multi Slice Computed Tomography), which produces tremendous amounts 
of data, is to be used it will be very time-consuming and nearly impossible to study 
all these images one by one. The study of MSCT images will then benefit from 
using volume rendering, since it gives the user a comprehensive view of the image 
dataset.  

2.2.1 The Current Users and Their Work Situation  
The current users of volume rendering applications in medical imaging are 
radiologists and technicians/nurses. By tradition the technicians/nurses produce 
the images, used by the radiologist in order to make a diagnosis. Figure 9 shows a 
radiologist studying medical images.        
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Figure 9. A radiologist studying medical images.  

 
The radiologist and technicians/nurses work under pressure. High quality images 
have to be captured rapidly in order to allow correct diagnoses. Therefore, it is 
important to have quick and systematic examination methods. The problem of the 
volume rendering applications is that they require high skills from the users. To 
obtain sufficient knowledge significant amount of time needs to be spent on 
learning. This time is often hard to find.  
 
Availability is also a problem for the user. Today volume rendering often requires 
the use of specific hardware due to tremendous storage and processing demands. 
Without this hardware, the performances of the applications are too low. 
Unfortunately this hardware is expensive and therefore the use of volume rendering 
has so far been limited to a small number of high-end workstations.  

2.3 User-centred Design 
In order to understand how to improve the usability of volume rendering 
applications in medical imaging, it is essential to understand the user requirements 
of the system. Without the knowledge of the user requirements it is impossible to 
design a user-friendly application. What the developer believes is important is not 
necessarily what the user wants. This concept of allowing the user to take a central 
role in the design process is called user-centred design.  
 
User-centred design stresses the importance of frequent user testing during 
development to ensure that the users requirements are met [PRSea94]. The user 
should have a central position during the whole development phase and 
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continuously give feedback to the designer about the system. This study does not 
include the whole development process of a new product, but it uses the methods 
and thoughts behind user-centred design. The main method used is requirement 
gathering.  

2.3.1 Requirement Gathering 
Requirement gathering is the process of finding out what the problems of the 
current systems are, according to the users. To gather this information, interviews 
with users have to be carried out, as well as observations of systems in use.  
 
There are several methods to be used in order to collect system requirements. Here, 
the focus is on finding functionality requirements and usability requirements. But 
before gathering these requirements, a task analysis can be carried out to get a 
comprehensive understanding of the user situation.  

Task Analysis 

Task analysis is a way of analysing what the user wants to do with the system. This 
approach focuses on tasks, what actions the user must take to reach a goal. In this 
study, the goal is to make a diagnosis.  
 
Once the main task is recognized it can be broken down into subtasks, which will 
result in a clearer picture of the different steps that the user has to perform in order 
to achieve his/her goal. See figure 10. 
 

 
Figure 10. The main task, making a diagnosis, broken down into subtasks. 

 
However, this approach can be hard to translate into real interactions with the 
application since it only gives an overview of the tasks performed by the user. In 
order to obtain a more detailed description of the system more functionality-
oriented models are used.  

Functionality Analysis 

The functionality of the system is simply what the system is able to do and is 
described by functionality requirements. These requirements are concerned with 
both what the system and the user do. 
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After analysing and collecting functionality requirements it is possible to write a 
functional specification, which describes what the system is expected to do in detail. 
The goal is to first describe the function of the system in more general terms and 
then break down the functions into more detailed descriptions.  
 
Here, the general model will be a flowchart of the workflow, see chapter 3.3, from 
the task of loading data into the system until a diagnosis is made and pictures are 
saved for documentation. The more in-depth descriptions will specify the most 
important part of the workflow in terms of user interactions with the graphical user 
interface.  

Usability analysis 

The usability of the system has to do with how simple the system is to learn and 
how easy it is to use. It is the main concept in Human Computer Interaction. To 
achieve good usability it is important to understand all factors that affect the user. 
These factors are part of several disciplines, see figure 11.  
 

 
 

Figure 11. Disciplines that contributes to Human Computer Interaction 
 
To fully investigate the usability of a system is a very complex task and far beyond 
the scope of this study. Instead this study focuses on the graphical user interface, 
which includes the systems representation on the screen. There are some basic rules 
for how graphical user interfaces should be designed, described in [Nyg97]. The 
article emphasizes the most important aspects of the interface, which should be 
considered. These aspects are shown in figure 12. 
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Figure 12. Aspects of the graphical user interface 

 
The main task is to analyse the graphical user interface but it is necessary to 
incorporate a partial discussion of the user satisfaction of the system and the user 
characteristic. The user satisfaction of the system includes aspects of usability that 
are very subjective and depend on the users´ experience of the application. They 
will not be studied explicitly, but will be a natural part of the general discussion 
about the use of volume rendering. User characteristics, described in 3.2.1, will be 
examined to some extent.  
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3. Evaluation of Volume 
Rendering Applications 

This chapter accounts for the evaluation of existing volume rendering applications. 
The evaluation was performed in order to understand how the systems are used at 
the clinics and to collect the users´ requirements of the systems. First a short 
description of the evaluation methods and material will be given and then the 
results will be presented.   
 
 
 

3.1 Evaluation Methods 

3.1.1 Qualitative study 
Since the use of volume rendering applications is limited, a qualitative study was 
chosen instead of a quantitative one. A qualitative study gives more in-depth 
information, but it excludes the opportunity to make conclusions about the overall 
trend and use of these applications [BMG].  

3.1.2 Interviews 
The central method for gathering information in this study is interviews with the 
users of the systems. Only a small number of users were selected for the interviews. 
This limited choice gives the opportunity to do in-depth interviews.  
 
Interviews can be categorized as unstructured, semi-structured and structured 
[Kva97]. Unstructured are carried out more as a casual conversation, while 
structured use formal questionnaires. The semi-structured method, that lies 
somewhere in between the other two, is the one used in this study. Questions and 
models prepared for the interviews were used as a basis for the discussion.     
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The interviews took place at the clinic in question and to some extent in front of a 
workstation. The importance of gathering information in the settings in which the 
activities normally take place is pointed out in [BMG]. By being at the hospital or 
even better in front of a computer used for volume rendering, the information 
derived from interviews is more likely to be correct. The person has a greater 
opportunity to remembering things since he/she can look directly at the application 
instead of being required to recall things.   
 
During the interviews, the workflow, the functions available and the satisfaction 
with the system were discussed. A prepared general chart of the workflow, a list of 
function and some prepared questions worked as the basis of the discussion. See 
appendix A. The idea was to keep the discussion open and to get the user to speak 
without restraint about his thoughts about the application. After the meetings the 
goal was to have enough information to make a chart over the workflow at that 
particular application and a list of functions ranked according to the level of 
importance. After the interviews, notes of the results were sent to the participants 
to give them the opportunity to correct any misunderstandings.    

3.1.3 Models 
The information assembled during the interviews was analysed and resulted in new 
user requirements. These requirements are presented as a model describing the 
desirable workflow, as in-depth descriptions of the functionality of the most 
important function in the graphical user interface and as overall ideas about the 
function of volume rendering.  

3.2 Evaluation Material  
During the evaluation users of different applications, positioned at different clinics 
in Sweden, were visited and interviewed. No user, application or clinic will be 
referenced by name. Partly because of the protection of the users integrity, but 
mainly because it does not affect the outcome of this study.   

3.2.1 The Users 
The users that were interviewed in this study are both radiologist and 
technicians/nurses. All of them are quite experienced users that have used volume 
rendering in their clinical work to some extent. They all have an interest in the 
future use of volume rendering and want to learn more about how to use the 
technique. The users are most familiar with the application used at the specific 
clinic but some of them also have experience of other applications.   

3.2.2 The Clinics 
Four departments of radiology at four different hospitals in Sweden were visited. 
They differ in size and have different equipment for medical imaging. One of the 
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clinics is very large and has an increasing throughout of patients. This clinic does 
not use volume rendering to any larger extent, mainly because of the lack of time 
for learning the technique. This is also the case of the middle-sized hospital, while 
at the two smaller clinics the radiologists and technicians/nurses have more time to 
learn how to use volume rendering.  

3.2.3 The Applications 
Four different applications were evaluated. They will be referred to as package 1, 2, 
3 and 4. Package 1, 2 and 3 are used at the clinics, while the fourth is not. By letting 
two very experienced users of another system use and discuss package 4, it was 
evaluated. 
 
Package 1, 2 and 3 are both developed by very large worldwide companies. These 
companies have equipment both for acquiring and analysing medical imaging. A 
small company, specialised on developing software product for visualising medical 
image data, is responsible for package 4. 

3.3 Result of  Evaluation 
The results of the evaluation will be presented in this chapter. The results are both 
descriptions of the different applications and the users opinion of the systems. The 
chart describing the workflow that was used during the interviews, describes the 
workflow independent from the volume rendering application used. All the users 
agree on the correctness of the chart and therefore it can be used as a general 
description of the workflow, see figure 13. The main steps are: 
 

• Image Data Loading  
• Parameter Settings 
• Image Data Editing 
• Documentation of the Result  
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Figure 13. The workflow 

 
 

These steps, described in 3.3.3-3.3.6, can be divided into smaller sub steps, which 
more precisely describe the actions needed to perform the task. The flow chart 
describes in a very simple way the different steps that the user needs to go through 
for every examination. It makes it easier to identify the crucial points in the 
workflow and can be used to decide which functions are needed. An overview of 
these functions ranked after importance is given in 3.3.7.  
 
When looking at the workflow the goal of the work needs to be clear. The goal is to 
make a correct diagnosis and this goal puts high demands on the performance on 
both the user and the application. As important as the fact that the patient needs to 
be able to trust the capability of the doctor to make a correct diagnosis is the fact 
that the doctor needs to be able to rely on the application to give the correct 
information. The question of confidence is a major problem.  
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3.3.1 The Users Confidence in the Application 
All the users have some scepticism towards the use of the volume rendering in the 
diagnostic work. Today there are no users that use only the volume rendering 
applications in order to make a diagnosis. Instead the volume rendering application 
is used as a complement to multi-planar reformatting (MPR). An MPR image is a 
2D cross section of the volume. The main reason why the users do not use volume 
rendering alone is that the users do not trust on the volume rendering applications 
enough to make diagnosis based only on that. 
  
The largest problem is of course how the user can control which part of the volume 
that is shown on the screen. When a transfer function is chosen, some part of the 
volume is set to be invisible and the users fear is that some important part of the 
volume is missing because of the setting of a wrong transfer function. This makes 
the step of setting parameters in the workflow the most important step. If the user 
cannot be confident in that the transfer function set results in a correct view of the 
volume the rest of the steps are irrelevant. All the users expressed their concern 
about how to be able to trust the setting of the transfer function. 
  
The more automatic the different parts of the application are, the less work needs 
to be carried out by the user. But at the same time, the user has less control of what 
is happening and is more likely not to trust the results. Several users stressed the 
importance of having detailed documentation on how the automatically generated 
results are produced. Examples of automatically generated results are transfer 
function and measurements, described later in this chapter.  
 
To some extent the issue of confidence has to do with the fact that the concept of 
studying medical images in three-dimensions is new. There is always some 
scepticism among the users in the beginning if the introduction of new a technique 
[Coc85] and this will of course also apply when introducing volume rendering in 
medical imaging. The users need to be convinced that they will benefit from the use 
of volume rendering and that it is a reliable method. Today, the users are not 
convinced. Since there are no existing examination methods that can be resembled 
with the use of volume rendering, its use introduces a totally new work procedure. 

3.3.2 A New Work Procedure 
As described in chapter 2.2.1 the technicians/nurses do the work of producing the 
images that the radiologist then uses to make a diagnosis. This distribution of work 
will not necessarily apply when using volume rendering.  
 
All of the radiologists and some of the technicians/nurses in the study are 
convinced that the diagnosis should be made during the editing phase in the 
workflow. They resemble the use of volume rendering with an ultrasound 
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examination where the diagnosis is made during the examination itself. This means 
that the radiologist would be responsible for producing the images for diagnostics 
and documentation. 
  
However, a different view on where the diagnosis should be made was given by 
some of the technicians/nurses. They believe that the diagnosis is made during 
documentation, which corresponds to the traditional distribution of work. It is 
interesting to think about how the new work procedure will affect the users, but it 
is a question to be investigated by ethnological studies. Here, it can be stated that 
the users have different opinions of the use of volume rendering depending on 
position.  
 
No matter what distribution of work will be applied, the flowchart will correctly 
describe the work carried out in a volume rendering application. The following 
parts will describe each step in the workflow; how it is implemented in the different 
applications and what the users opinions are. 

3.3.3 Image Data Loading 
 

 
Figure 14. Image data loading 

 
First in the workflow is image data loading, see figure 14. The first step is to choose 
a patient from a patient list, where patient name, birth date, examination name and 
date, and modality are displayed. This information is in all the evaluated 
applications shown as a list from which the patient of interest is selected with a 
mouse click.  
 
For each patient, there can be several data sets, which become visible once the 
patient is selected. There are different ways to show what type of image data the 
examination set consists of. The simplest way is to show the information as text. 
This method is used by package 1 and 2. Another method, used by the other two 
applications, is to show thumbnails of the images in the set. Package 3 shows 
thumbnails side-by-side, while package 3 shows them in a stack.  
 
After the selection of a certain image dataset, the user usually has the option to 
select a subset of the image data or the entire dataset. Often, all of the images in a 
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dataset are loaded into the volume rendering application, but sometimes it can be 
sufficient to load only a smaller part of the image dataset. In some applications the 
user has to select every single image explicitly, while in other the user only has to 
select the first and last image. 
 
The last step is the loading of the images into the application. This can be a very 
time consuming task due to a wide range of reasons, but mainly because of the 
large datasets. This is however somewhat outside this study and is therefore not 
discussed any further. 

3.3.4 Parameter Settings 
 

 
Figure 15. Parameter Settings 

 
The task of choosing parameters includes all the actions performed in order to set 
the transfer function, see figure 15. This should be considered the most important 
task in the workflow. If the task is not performed in a correct way, there is a risk 
that the image shown on the screen is inconclusive. That is, some voxel 
information is enhanced or concealed. An inconclusive image might result in a false 
diagnosis. For this reason, it is important to be able to perform the task of choosing 
parameters repeatedly during the work to assure the correctness of the image.  
 
As described in chapter 2.1.3 there are three general work procedures for the 
setting of a transfer function. Semi-automatic generation is the most widely used 
method. All applications in this study offer some type of presets and some 
possibility to control and manipulate the transfer function manually. Most of the 
radiologists consider it an absolute necessity to be able to make manual settings 
since they do not rely on the presets to give the correct results. However, some of 
the technicians/nurses do not think the manual control will be necessary. They rely 
on the presets to give sufficiently good result. The reason for this difference in 
opinion is maybe that the radiologists must be absolutely sure that what they see is 
true, since they are responsible for the diagnosis. This issue of the users confidence 
is discussed in chapter 3.3.1. 

Select Preset 

Presets are predefined settings of the transfer function but can also include other 
settings such as shading, clip planes and so forth. There are different types of 
presets. Most of the presets available today are saved settings made by the software 
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developers and included in the program, or settings saved by the users of the 
application. However, there are other types of presets called active presets that use 
the volume data to automatically generate a transfer functions. Only in package 4 
are these types of presets implemented. A major problem is, according to the users 
that have tried these presets out, that there is very little documentation to refer to 
concerning the reliability of the presets.  
 
According to the users, it has to be easy to find the best preset, suitable for a 
specific examination. Package 1 and 4 use a list of names of the presets and the 
other two use buttons with images representing the desirable result of the preset. 
The lists of presets can in some cases be quite long and it can, according to the 
users, be difficult to remember what a specific preset is called. One way to limit the 
number of presets shown is to identify the type of image set during loading and 
only show suitable presets. This method is used in package 2, 3 and 4. 

Manual Parameter Setting 

The greatest problem with the manual settings is that many of the users believe it is 
complicated to understand how the transfer function can be changed. Very 
experienced users, though, think it is quite straightforward. The reason for this 
difference is the lack of usability of the manual control. The manual control is not 
intuitive and the user needs to spend long time on learning before he/she gets 
sufficient knowledge.  
  
To do the manual control of the transfer functions, all of the applications use some 
type of curve. The most commonly used interaction method is to use control points 
on the curve. When parameter settings need to be set numerically other types of 
controls can be used. Examples are slidebars and textfields, see figure 16. These 
parameter settings are important for documentation.  
 

 
 

Figure 16. Two different controls to manipulate the transfer function; 
 slide bars and text-fields. 

 
The shape of the curve and the number of curves differ, as can be seen in figure 17. 
What type of curve the user prefers depends on experience. Once the user of any 
of the packages has sufficient knowledge about how to use the curve it is according 
to them the best solution.  
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Figure 17. The different types of curves implemented in the packages. 

 
In all of the applications, the user has the possibility to view the histogram, 
described in 2.1.2, of the volume. According to most of the users it is important to 
be able to see the histogram and the transfer function curve at the same time. It 
gives a good understanding of the transfer function generation. To see the results 
of the interactions with the curve in real time is also very important according to all 
the users. 
 
In package 1 and 4 the curves and histograms are available at all times. Those who 
do not believe the histogram to be important are the technicians/nurses and the 
users of package 2 and 3.  
 
Another complementary interaction method is included in package 3 and 4. It 
allows the user to change the transfer function by moving the mouse up and down 
or right and left. The movement of the mouse corresponds to changing the slope 
and position of a ramp shaped transfer function curve. This is, according to the 
users, an easy an efficient method to quickly examine the volume. 
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3.3.5 Image Data Editing 
 

 
Figure 18. Image Data Editing 

 
After the image data has been loaded and the parameters have been set, 
adjustments can be made to clarify the image data. This step is called image data 
editing, see figure 18.  How much of the image data that can be changed differs 
quite a lot between different applications but there are some similarities. All of the 
applications has colour mapping, clip planes, measurements, ROI (Region Of 
Interest) etc, but the functions are implemented in different ways.  

Colour mapping 

Colour mapping is typically used for separating different tissues. The opinion of the 
radiologist and the technicians/nurses is that the dissimilarity between tissues 
becomes very clear if different tissues get different colour. This is illustrated in 
figure 19, where bone is blue, soft tissue is red and skin and intestines are beige.  
 

 
Figure 19. Colourmapping 

 
In package 2 the colour mapping is performed in a separate window. In all of the 
other applications the colour mapping is a part of the transfer function window. 
Few users think that it is important to have a large range of colours to choose from. 
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Most of the users also think that colour mapping is very important when images for 
presentations are to be produced.   

Cutting  

In order to bring out an interesting region of the volume the rest of the volume 
needs to be removed. This region of interest is often referred to as ROI. The ROI 
can be extracted in different ways depending on the application. The general 
concept is to mark the region and then choose to cut out the parts inside or outside 
the region. According to the users, cutting is a fast and very helpful method when a 
certain part of the volume needs to be studied more carefully. 
 
The different applications have their own implementation of cutting. Most of them 
are easy to use. The user selects a region and has the choice of removing the 
selected part or the non-selected part. However, in package 1 there are several 
additional choices, which according to the user is confusing. The user wants to be 
able to undo cutting. Undo should be available for all performed actions, not only 
cutting. 

Clip planes 

A clip plane is a geometric plane, which is used to remove parts of the volume that 
is on one side of the clip plane. Data on the other side of the plane is unaffected. 
Clip planes can be used as another method to remove uninteresting parts of the 
volume. They are also very useful for interactively browsing through a volume 
dataset, for example by using parallel-paired clip planes that show only a slab of the 
volume. Figure 20 shows how a clip plane can be used in order to cut off some 
parts of the volume. 
 

 
Figure 20. A clip plane  
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To use clip planes in order to cut off a part of the volume is efficient, according to 
the users. But to navigate the clip planes in three dimensions with a mouse is 
difficult. The simplest interaction method is implemented in package 4. The clip 
planes forms a cube that the user can manipulate. This method though, limits the 
use since the planes cannot be tilted. This problem is discussed in 4.1.2. The most 
complex implementation can be found in package 1. This solution provides the 
user of a wide range of manipulation possibilities. But it is, according to the users of 
this system, very difficult to use due to the large range of key strikes in combination 
with mouse buttons needed.   
  
According to both the technicians/nurses and the radiologists, a good method is to 
let the user operate in both the 2D and the 3D image. In some cases it is much 
easier to work in the 2D plane to extract the area of interest. The number of clip 
planes available depends on the application but the common opinion is that the 
user must have the possibility to apply more than two planes at the same time.  

Zoom 

The zooming function changes the magnification for selected views. This function 
is often used to inspect a limited area or interest more closely. All of the 
applications studied have a sufficient and straightforward zooming function. The 
users have no complaints about this function. 

Rotation 

Rotation is a very important but simple function, which is used when the volume 
needs to be rotated. It is used very frequently and according to the user this 
function is easy to use and quite straightforward in all applications in this study.   

Orientation Indicators 

To show the user the anatomical orientation, all applications in this study have a set 
of indicators that always are displayed at the perimeter of the view. The anatomical 
indicators are the letters R (right), L (left), A (anterior), P (posterior), H (head), and 
F (feet). Package 4 uses the letter S (superior) instead of H and I (inferior) instead 
of F. The letters are updated whenever orientation is changed. According to the 
user this is a relatively good way to show the orientation of the volume.  
 
Another way of showing the orientation of the volume, used by package 3 and 4, is 
to display a small cube in one of the lower corners of the screen, see figure 21. The 
different planes of the cube are labelled with the letters mentioned earlier and it 
rotates together with the volume in order to show the orientation.    
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Figure 21. 3D navigation cube with letters. 

 
Those who use these two applications are of the opinion that this is a sufficient 
method to show the orientation of the volume. They believe it is an intuitive way to 
show the anatomical orientation.  
 
All of the applications have some method to change the orientation of the volume 
in a predetermined way. For example buttons which shows in different ways how 
the volume will be rotate. This is an important and easy to use functionality, 
according to the users.  

Measurement 

Measurement is used to gather information about the distance between different 
positions in the volume. This function can also be used to measure the area or 
volume of some specific part of the body. This possibility is often used when the 
diameters and length of the arteries or veins need to be measured, see figure 22. But 
the function can also be used for instance when the clinicians need to know the 
volume of a bleeding in the brain. Those who use this function are often the 
radiologists because of their need for measurement in the diagnostic process.          
 

 
Figure 22. Measurement of blood vessel. 

 
Measurement is an important function that is often used when studying MPR. The 
users expressed their wish and need to be able to use it also in volume rendering, 
but the implementations of measurement in the applications of today are not 
reliable enough and very difficult to use. Measurement can be more or less 
automatic but the most important thing, according to the users, is the possibility to 
control what is being measured. Therefore it is important for the user to have 
sufficient documentation. 
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The applications in this study have different solutions to the implementation of this 
function. In all applications measurement of distance is performed manually by 
clicking with the mouse on the measure points. In package 4 though, there is no 
possibility to measure the distance in the volume, this application only offers 
measurement of the volume of selected objects. In the other three applications the 
user is able to measure distance as well as volume in the 3D view.  
 
Manual measurement of distance in the volume is quite complicated. It is hard to 
define exactly where in the volume the measurement points are since the image 
shown on screen is a projection of the volume. A simple way to get around this 
problem is to let the user measure only in the projection, but then the user cannot 
rotate the volume and keep the measurement points in position. To be able to place 
the points in the volume the user has to rotate the volume several times before 
being sure that the points are in the correct position. This can be very time-
consuming and difficult. In package 1 and 3 the measurement of distance is 
performed in the projection plane. In package 2 it is performed in the volume. 
 
The common opinion of the radiologists is that measurement is important but time 
consuming, not reliable and difficult to use. It is, according to the users, important 
that the result can be documented which is not possible in some of the 
applications.    

Shading 

Shading is useful when images of complex parts of the body such as brain vessels 
or organs in the abdomen are to be studied. The reason for this is that a highlighted 
surface casts shadows, which gives the user a feeling of depth. This facilitates the 
separation of different organs. It is also an advantageous method to help the user to 
find small and complicated fractures. When small fractures are lighted, a shadow 
appears and enhances the fracture. This function is also used to make images for 
presentation. A skeleton head with shading is shown in figure 23. 
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Figure 23. Volume rendering of a head using shading. 

 
In package 1 this function has a tendency to cause a rough surface leading to an 
increase in surface opacity. In package 3 this function is not available. The light 
source is movable in package 1 while it is fixed in package 2 and 4. According to 
the users it is advantageous to be able to move the light source since the user can 
control where shadow will be cast. This can be sufficient when studying small 
fractures. Other features of shading, such as colour of the light and surface 
properties, are not as important.   
 
Not that many use this function and both the technicians/nurses and radiologists 
are of the opinion that this function is not necessary but improves the diagnostic 
process.  

Stereo 

Stereo is very advantageous when for example vessels in the brain are to be studied. 
The stereovision makes it easy to separate the different vessels and this benefits the 
radiologist both in diagnostics and presentation. The correct diagnosis does not 
depend on stereovision alone but the general opinion of the users is that this 
function speeds up the examination time. This is because the user gets a better 
understanding of the relationship between different structures. Another important 
aspect is how much easier the clinicians can understand the images if they use 
stereovision. The clinicians are used to study the organs in reality. To experience 
stereovision the user must use stereo-glasses, see figure 24. 
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Figure 24. A user interacting with the volume using stereo.  

 
Package 1 provides stereo. The opinion of the value of stereo differs between 
different categories of users. The technicians/nurses believe that this is an 
unnecessary function while some of the radiologists have the opinion that this 
function is very helpful. The reason for this is presumably that these radiologists 
have the most experience of stereovision. 

Other functions 

The functions described above are the most commonly used functions. However, 
there are other functions that should be mentioned.  
 
In package 3 the ROI has an additional function than mentioned earlier. The ROI 
is in this case used to get information about a scalar value in the 2D image by 
clicking on a specific point. The ROI can also be used to get the area of the region.  
 
Another function is annotation. This gives the user the possibility to add additional 
comments into the image. The text is, in some applications, saved in the DICOM 
(Digital Imaging and Communications in Medicine) format as a new layer on the 
image. The information saved is not searchable since it is saved as a bitmap. 
 
Several of the users stressed the importance of easy access to program help, both 
built-in help functions and crib sheets. All of the applications have some sort of 
manual, but the general opinion is that they are too burdensome to read and 
understand.  
 
Another function worth mentioning is segmentation. In package 4 this is 
implemented and gives the user the opportunity to point at some part of the 
volume and select that anatomic structure. The users appreciate this function.   
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Package 3 has a specific tool to synchronize a position in the volume with an MPR 
image. The user clicks somewhere in the volume and a cross is displayed. The same 
cross is then displayed in an MPR image at corresponding position. 

3.3.6 Documentation of the Result  
 

 
Figure 25. Documentation of the result 

 
The last and very important step of the workflow is the documentation, see figure 
25. The user has to be able to save the result in order to show it to other radiologist 
and clinicians during the conference. It is also important to have the possibility to 
save the volume and parameter settings in order to resume the work at a later time.  
 
All of the applications provide the possibility to save both the result and the 
ongoing work. There are however different solutions to how this is performed. All 
of the users stress the importance of rapid and simple documentation.  
 
When an image is saved, it is the image shown on the screen that is saved. This task 
is quite easy in all the applications. It is important that information about the 
patient and the examination is saved together with the image data itself. A slightly 
different way of saving images is to do a batch of several projections. With this 
method, the user gets a set of images of the volume rotated from one orientation in 
3D space to another. 
 
Movies are most often used for presentations. There is no diagnostic use of movies, 
but both the technicians/nurses and the radiologists believe that the clinicians 
would appreciate the opportunity to watch a movie. The ideal, according to most of 
the users, would be to show not only images and movies but also show the volume 
itself. This offers the possibility to interact with the volume directly during the 
conferences.   

3.3.7 Overview of Important Functions 
The following overview of functions, see figure 26, is created given the different 
actions needed to accomplish each step in the workflow and the users opinion 
about each function.  
 

Very important Important Less important 
Zoom Pan Shading 
Rotation Annotation Stereo Vision 
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Select Sync cursor Movie Capture 
Clip plane Measurement  
Cut Batch Capture  
Image Capture   
Save Work   
Help   
Orientation Indicators   

Figure 26. Table of functions 
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4. Design of Graphical User 
Interface 

Based on the results of the interviews a graphical user interface (GUI) is designed. 
This chapter describes this GUI. The GUI is, however, not implemented. Instead 
the screen layout is presented and described using images and the proposed 
functionalities are explained. 
 
The goal of the GUI design is to optimise the workflow described in chapter 3. 
Focus is on simplification of the user interaction in every step. The four main steps 
described are Image Data Loading, Parameter Settings, Image Data Editing and 
Documentation of the Result. However, the first step, Image Data Loading, can be 
accomplished before the volume rendering application is activated. It is therefore 
somewhat outside the main focus of this study and will not be discussed.  
 
 
 

4.1 Design Considerations 
An application for volume rendering used in medical imaging can, as described in 
chapter 3, look and function quite differently. But there are some functions used 
frequently that are a natural part of the workflow. These functions are primary 
concern.  
 
The GUI should present these functions to the user in a way that makes the 
interaction intuitive. This is however a complex task. An interface can be designed 
either to be easy to learn for the inexperienced user, or it can be designed to make 
the use effective for the experienced user. A compromise has to be made between 
these two design goals. The GUI should be as easy to understand as possible 
without limiting the use for the experienced user too much. One solution to this is 
to offer different ways to perform a task i.e. icons as well as quick commands.  
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Important for both simple and effective interaction is the number of actions 
performed in order to accomplish a specific task. This number should be as small 
as possible.   

4.2 Design of  Screen layout 
The main goal of the design of the layout is legibility, clarity and consistency 
[Nyg97]. This can be achieved by making careful choices of colour, font and size 
for text and grouping and placement of data. Of course the design also has to be 
aesthetically appealing.   
 
Everything that is relevant for a certain task should be visible on the screen at the 
same time. The user should get all the information needed for the specific task 
without switching window or in another way explicitly activate hidden data. 
However, to much information on the screen at the same time can be confusing 
and make it hard for the user to understand what actions are needed for the task. 
The solution to this problem is to show only data that is used frequently and hide 
other data. But the hidden information should be easy to find.  
 
The main elements on the screen should be separated, look different and preferably 
have a fixed position [Nyg97]. Some of these elements are grouping of data with 
similar function. The grouping helps the user to find and understand the function 
of the data and therefore all data with similar functions should be grouped together.  
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Figure 27. The screen layout 

 
With the general design considerations in mind, together with the results in chapter 
3, the screen layout is designed. The result is shown in figure 27. The following 
pieces will motivate and describe the grouping and placement of the different parts 
of the screen layout. Seven main elements are marked with a number.  

1. Menu bar 

The Menu bar is designed according to conventional practice. It contains functions 
such as Save and Save as, Undo and Redo, Exit, Print, Help and so forth. It also 
contains all the functions discussed in chapter 3.3.5 together with more specialised 
functions and settings.  

2. MPR view 

An MPR image is, as mentioned in 3.3.1, a 2D cross section image of the volume. 
Most common cross sections are sagital (from the side), axial (from above) and 
coronal (from the front). Two MPR views are shown. By default the MPR images 
are shown in axial- and in sagital view but the user can change this setting in the 
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menu bar. The MPR view can be removed in order to display the volume on the 
whole screen. 
  
In the MPR view, the user can work with most of the functions mentioned in 
chapter 3.3.5. For example the user can control clip planes, select region of interest 
and use the sync cursor. It is not possible to use the Cut function nor Zoom, 
Rotation or Pan tool. The anatomical indicators discussed in chapter 3.3.5 are 
displayed at the perimeter of the MPR image. 
  
The user can interact with the MPR image in three ways. The first alternative is to 
click on the icons, the second is to use the menu bar and the last is to right click in 
the view to get a short menu with tools and options.     

3. Volume view 

In the Volume view the volume is shown. It is placed in the middle of the screen. 
Even though the MPR view is important, the Volume view is the central part in the 
volume rendering application and that is the reason for its position and size. In this 
view all of the tools and options can be used. The user orientates in the volume by 
studying the anatomical indicators and the green man, discussed in chapter 3.3.5. 
The anatomical indicators are optional but are shown by default.   
 
Also in the Volume view the user can interact with the volume by clicking on the 
icons, use the menu bar or right click in the view to get a short menu with tools and 
options.  
 
Combining the MPR and the Volume view is very beneficial in the editing process. 
The main reason is that sometimes it is easier to control different functions in the 
MPR view, i.e. cutting planes or select.  

4. Groups of icons 

The group of icons contains three subgroups. The first subgroup is the toolbox, see 
figure 28. The icons in this group all have in common that they activate a tool that 
can be used in the image. When a tool icon is activated, a small image of the icon 
replaces the mouse cursor. In the toolbox are the Zoom, Rotate, Pan, Annotation, 
Select and Sync cursor tool. 
 



Graphical User Interfaces for Volume Rendering Applications in Medical Imaging 
 

 

40 (72) 

 
Figure 28. The toolbox 

 
The next group is the operation box, see figure 29. The functions are placed in the 
Operation box because they all have a direct effect on the image. When the user 
clicks on one of the icons in the operation box, the image will change immediately.    
 
The following functions are included in the operation box; Clip plane, Invert 
selection, Cutting, Measurement, Image Capture, Batch Capture and Movie 
Capture.         
 

 
Figure 29. The operation box 

 
The last group is the orientation-preset indicators, see figure 30. This group is 
placed together with the toolbox and the operation box because of its similar 
appearance. It is however placed below the other two groups because the 
orientation-preset indicators are not as frequently used as the functions in the 
toolbox and the operation box. 
  

 
Figure 30. The orientation-preset indicators 
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5. Lights and Stereo view 

In this region the control buttons of the Light and Stereovision is placed, see figure 
31. The region is placed down in the right hand corner of the screen. The main 
reason is that the light source and stereo are not frequently used. But still it is 
important enough to be displayed all the time.  
 

 
Figure 31. The Lights and Stereo view 

6. Histogram  

The histogram region contains a histogram with trapetsoids used for the manual 
settings of the transfer function, see figure 32. Trapetsoids and histogram are used 
because it is a user-friendly interaction method. Read more about this in chapter 5. 
The histogram is placed down in the middle because it is then easily accessible from 
both the MPR view and the Volume view.  
 

 
Figure 32. Histogram region 

 
The TF button is used to activate the add/remove tissues tool. The function of this 
tool is described and partly implemented, see chapter 5.2. It allows the user to click 
on a tissue in the MPR or Volume view in order study that specific part of the 
volume. The List button displays a list of the presets names instead of thumbnails, 
described next. This button makes it possible to select a preset even if the image 
gallery, described next, is visible instead of the thumbnails.  

7. Tissue classification area and Image gallery 

Down in the left hand corner of the screen are the tissue classification area and the 
image gallery. Because of the importance and frequent use of the tissue 
classification area it is shown by default, but the image gallery can be reached at any 
time using the flap on the right side.  
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In the classification area the presets can be found. They are shown as small 
thumbnails showing the result of a specific preset applied on the current image 
dataset. The user clicks on the thumbnail in order to apply the preset.  
  
The image gallery contains thumbnails of the images, movies and batches taken. It 
gives the user an overview of documented material and allows the user to select any 
image, batch or movie to do possible editing.  

4.3 Design of  Important Functions in the GUI 
In this chapter the design and functionality of the icons are described. Some of the 
functions, Zoom, Rotation, Pan, Annotation, Cut, Stereovision, Save Work, Help 
and Shading, are quite simple and are therefore not included in this chapter. For 
those who are eager to learn, these functions can be found in appendix B. 
Functions described here are; Select, Sync Cursor, Clip Planes, Measurement, Image 
Capture, Batch Capture, Movie Capture, Save Work, Help and Orientation 
Indicators.    

4.3.1 Select 
Selection of a part of the volume or an area in the MPR is needed for several 
operators i.e. cut and measurement, which are described later. The user can do two 
types of selection, manual selection using the mouse to mark a ROI and automatic 
selections by clicking on an anatomical structure. It is possible to do selections in 
both the VRT view and the MPR views and the selected part is marked in both of 
the views. This helps the user to get direct feedback on what is selected. 
 
For manual selection, a Manual Selection tool is available, see figure 33. By dragging 
the cursor around the region it gets selected. To draw a line the user clicks at two 
points and the line is automatically drawn between the two points.  
 

 
Figure 33. Manual Select Tool 

 
The Automatic Selection tool, see figure 34, requires smart segmentation methods, 
which in a reliable way selects the correct set of voxels. This is an active area of 
research and will not be further elaborated here. 
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Figure 34.  Automatic Selection Tool 

 
The user can select several different regions at the same time. A widely used 
method is to press the CTRL-key to do multiple selections. This method can be 
used since it is a well-known method even though key combination should be 
avoided.  
 
Sometimes it can be time consuming to select a region, especially if it is done by 
hand. Therefore the user has the possibility to save the selection in order to activate 
it again at a later time. 
 
The possibility to invert the selection can simplify the work. One example of is 
when a smaller part of the volume is to be isolated. It is then easier to select the 
smaller part of the volume, invert the selection and cut off the inverted selection. 
Figure 35 shows button for invert selection.  
 

 
Figure 35. Invert Selection Tool 

4.3.2 Sync Cursor  
The Sync Cursor Tool, see figure 36, can be used to rapidly and easily show 
interesting areas of the volume in the MPR view. It allows the user to in a very 
simple way synchronize a position in the volume with a position in the MPR view. 
Therefore it should be available at all time.  
 

 
Figure 36. The Sync Cursor icon 
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4.3.3 Clip planes 
Clip planes are, as described in 3.3.5, used very frequently and therefore this 
function needs to be available at all times. In order to display the contours of the 
clip planes the user activates a button, see figure 37. The navigation, on the other 
hand, is more difficult to accomplish. To simplify the navigation the user can move 
the clip plane in the MPR view. To interactively look through the volume, the user 
has to be able to move the planes in the volume as well. 
 

 
Figure 37. The clip plane cube 

  
The easiest implementation of clip planes is to use a box where the sides can be 
moved in order to change the dimensions. However, this is very limiting since the 
user cannot tilt any plane to cut of any part of the volume that is not parallel to the 
sides of the box, see figure 38.  
 

 
Figure 38. The problem of using a box, without the possibility to tilt the sides 

 
The user interaction with a cube is good since it limits the degrees of freedom and 
makes the mapping of mouse motion easier. One solution is to use a box, but to 
allow the user to tilt the sides. The problem with this solution is that there are many 
ways in which a box can be changed if all the sides can be both tilted and moved. 
The key issue is how to show the user what part of the cube can be changed at 
what time. The solution to the problem is to use control points. 
 
The suggested solution to clip planes in this study is shown in figure 39. The sides 
of the cube are marked with a cross, which is used when the sides are to be moved. 
The edges are used to tilt the sides of the box. A problem occurs when some of the 
sides or the edges are hidden. The best solution to this is to let the user grab the 
corner to move a hidden edge and to display a cross on the edge of the hidden side 
in order to move that side. When the cursor is moved over the crosses, edges or 
corners that can be moved they should be displayed in a different colour to guide 
the user. 
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Figure 39. Clip Plane With Control Points 

 
The colour of the contour of the planes should differ from the colours used for 
colour mapping of tissues. Green and yellow are not used frequently for colour 
mapping and therefore they are suitable for clip planes. 
 
The icon for paired clip plans is shown in figure 40. The pair of clip planes is 
navigated using the same control points as the clip plane cube. 
  

 
Figure 40. The Pair of clip planes icon 

4.3.4 Measurement 
As described in chapter 3.3.5, the users do not rely on the implementation of 
measurement in the current applications. The development of new automatic 
measurement will contribute the reliability, but just as important is simple user 
interactions in the GUI.  
 
There are three different types of measurements; distance, area and volume that the 
user can perform. The selection tools, described earlier, are used for selection of a 
distance, an area or a volume. After selecting what to be measured the user clicks 
on the Measurement button, see figure 41. The measure will then be displayed as 
text next to the measured part in the Volume view. Measurement of a volume is 
totally depending on the correctness of the Automatic Selection tool for selecting 
the correct set of voxels.  
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Figure 41. Measure 

 
The problem of positioning measure points in the volume was described in 3.3.5. 
There is no obvious solution to the problem when a conventional screen and 
mouse are to be used. Given the two different options, measurement in the 
projection is the best choice. Of course, measurement in the Volume view is 
combined with measurement in the MPR view. 

4.3.5 Image Capture  
To be able to easily and rapidly capture snapshots is important. The user can take 
snapshot of both the MPR views and the Volume view. After selecting the desired 
view, the user presses the image capture button, see figure 42. The image is then 
captured and shown as a thumbnail in the image gallery.  
  
   

 
Figure 42. Snapshot 

4.3.6 Batch Capture 
To take a batch, the user presses the Batch Capture icon, see figure 43. When 
pressing the button a new window is opened. In this window the user can add the 
first and the last image and then decide how many snapshots should be taken in 
between. A path is calculated and images are captured in intervals of even distance.  
 

 
Figure 43. The Batch Capture icon 
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4.3.7 Movie Capture 
Even though movies do not have diagnostic importance the user is able to create 
movies. Since it will not be used for every examination its settings do not have to 
be visible at all time. Instead a button opens a new window, see figure 44.  

 
Figure 44. Movie Capture.  

 
The user interacts with a timeline. The first step is to add the first image and the 
next step is to add a new slightly different image to the timeline. The program then 
automatically interpolates a straight path between them. The movie ends with the 
last image added at the end of the timeline.  
 
Another way to capture a movie is to record the users interaction with the program. 
That is, the user presses the record button and then interacts with the volume, for 
example rotates the volume and zooms in an area. All these actions are then 
captured and the first and last image is shown in the timeline. This method allows 
the user, not only to change the position of the volume, but also to change other 
settings such as opacity, colour and so forth. 
 
To be able to control the two methods for movie capture, the movie capture 
window includes a clickable timeline and record button. The user can get a preview 
of the movie and also change the number of frames. Figure 45 describes roughly 
what the movie capture window would look like.   
 

 
Figure 45. Movie Capture Window   
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4.3.8 Orientation indicators 
Anatomical indicators combined with a graphical indicator show the orientation of 
the volume. The anatomical indicators are always displayed at the perimeter of the 
volume view and the graphical indicator is placed in the lower right corner. 

 
The graphical indicator used is a small figure, see figure 46. In comparison to the 
indicators described in chapter 3.3.5, this is a more intuitive way of showing the 
orientation of the volume since it directly shows the orientation of a body. The 
users do not have to use the letters in order to understand the orientation of the 
volume, as in the case of the cube. The figure has a red nose because it easily to 
distinguish the posterior and anterior side.  
 

 
Figure 46. 3D graphical orientation indicator, “the Green Man” 

 
The user has the possibility to choose orientation presets, figure 47. There are six 
different presets; Anterior, Posterior, Left, Right, Feet and Head. When any of the 
buttons is pressed, the volume automatically changes position.    
 

 
Figure 47. Orientation preset indicators 
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5. Generation and Implementation 
of Transfer Functions  

As emphasized throughout this thesis, the generation of transfer function is the key 
step in the volume rendering process. Therefore, this chapter discusses this step 
exclusively. In 5.1 a discussion regarding the problems and possible solutions of the 
transfer function generation in medical imaging will be given. The discussion will 
focus on user interactions and is based on the results of the interviews. The next 
section, 5.2, accounts for the implementation of transfer function generation, which 
is based on the discussion in 5.1. 
  
 
 

5.1 Generation of  Transfer Function  
In chapter 2.1.3 three work procedures for transfer function generation were 
described; manual, semi-automatic and automatic generation. Given the results 
from the interviews described in 3.3.4 and the discussion in the article [HBCea01] 
the semi-automatic approach seems to be the best method.  

5.1.1 Semi-automatic generation 
In semi-automatic generation the user first chooses a preset to set the transfer 
function and then uses those parameter settings as a guide when doing manual 
settings. This method allows the user to quickly get a preliminary display of the 
interesting part of the volume. It also allows the user to control and experiment 
with the settings manually.  
 
As mentioned in 4.1, the number of actions needed to complete a task should be as 
small as possible. Accordingly, the ideal would be if the user only had to choose a 
preset in order to get the correct display of the volume. This is however not 
possible since there is no known method to generate transfer function that is 
reliable enough. Therefore there is at this time, no way to totally avoid the manual 
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setting of the transfer function. Instead the goal has to be to minimize the number 
of manual settings performed by the user.  
 
There is a risk if the generation of comprehensive images becomes too simple. 
Then inexperienced users might rely on the presets too much and perhaps miss 
some important detail in the volume that the preset did not include. If the 
generation of transfer functions requires some skill and experience from the user 
these types of mistakes can be avoided. 
 
To simplify the generation of transfer functions is a complex task. The designer has 
to consider both how to simplify the user interaction and how to achieve reliability. 
These two design parameters do not necessarily “come together”. Most often they 
are each other’s opposites, which will be discussed further in the next parts about 
presets and manual settings. 

5.1.2 Active Presets 
As described in 3.3.4, all applications in this study use the semiautomatic approach. 
But only one has implemented active presets that use the dataset for the transfer 
function generation in order to guide the user. The others use presets that are saved 
manual settings made by users or developers. There are, however, problems with 
these settings. As discussed in chapter 2.1.1, the problem when using CT is that no 
patient has exactly the same Hounsfield values as any other patient. When using 
MRI it is even more difficult since the results can vary tremendously, even for the 
same patient. Because of this there is no guarantee that a specific transfer function 
created for one patient will give the same result for another patient.  
 
It would be better if the transfer function where generated explicitly for every new 
dataset without any manual settings. This is the idea behind active transfer function 
generation. That is, a new transfer function will automatically be generated for 
every patient based on the data in that specific image dataset. 
 
Information available in the data set that can be used for active generation is for 
example gradients and second derivatives. This information can be used in order to 
find parts of the volume that are boundaries between different tissues. 
 
The semi-automatic method described in 2.1.3 uses both gradient and the second 
derivative to generate transfer functions. It is clearly the most sophisticated method 
to calculate transfer function and it has the advantage of using the dataset itself. But 
it also adds on the problem of interaction since the user has to control a three-
dimensional transfer function instead of a one-dimensional.  Here is the key 
problem. If the transfer function generation becomes very sophisticated and 
intelligent, often the user interaction gets complicated.  
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No matter what method is used for transfer function generation it has to be easy 
for the user to select the wanted preset. It has to be clear what the outcome of the 
selected preset will be and the user should be able to find the wanted preset quickly. 
The best way to accomplish this is to use thumbnails. It gives the user a 
comprehensive overview of the available presets and what the outcome of the 
preset will be. To give the user a correct picture of the outcome, the thumbnails 
should be images generated after applying the different transfer function on the 
specific volume data set. Only presets suitable for the current examination should 
be shown to the user.  

5.1.3 Manual setting 
Most important for the manual settings is that the result of the changes is shown in 
real time. It facilitates the understanding of how the parameter settings change the 
transfer function and consequently the image. 
  
As described in 3.3.4 all four applications use curves and histograms as the user 
interaction method. This corresponds to the most simple, one-dimensional transfer 
function, which maps colour and opacity to voxel values without using any other 
information in the dataset. As mentioned earlier, experienced users believe it to be 
an excellent way to interact, while inexperienced users think it is very difficult. 
Given the different curves used in the applications studied, most user-friendly is 
trapetsoids used in package 1, see figure 48.  
 

 
Figure 48. A trapetsoid in a histogram, the opacity axis belongs to the trapetsoid. 

 
Trapetsoids are simple to control for the user since the numbers of ways they can 
be changed are limited. It is also simple for the user to understand what the 
trapetsoid corresponds to in the image since the trapetsoid has the same colour as 
the voxels shown in the image. When working with trapetsoids the user can add 
and remove trapetoids in order to display and hide tissues in the volume.  
 
The use of arbitrary curves, on the other hand, is not intuitive since there are no 
clear mapping between the curve and the different tissues. The user cannot work 
with one tissue at a time as easily as if trapetsoid are used. An arbitrary curve is 
difficult to control since it can be changed in unlimited number of ways.  
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However, the use of the histogram and curves as interaction method limits the 
transfer function to one dimension. If gradient and second derivative are used, the 
transfer function becomes three-dimensional and the interaction becomes even 
more complex and difficult to understand. If more sophisticated methods for 
transfer function generation are to be used, the developers need to figure out how 
to simplify the user interaction. If the user cannot interact with the transfer 
function in a simple way there is no point in having smart transfer function 
generations. Once again, the user needs to be able to control the generation. 
 
It would be best if the user did not have to understand the transfer function 
generation at all, but only concentrate on the image shown on screen. The user is 
usually not interested in what the specific parameter setting does for the image. 
Instead the user is interested in studying a specific part of the volume, in this case 
an anatomic structure. The ideal would be if the user could click on a specific 
anatomical structure in order to show that part of the volume. However, there is 
the problem of reliability again. How can the user trust the image shown on the 
screen? Once again, it is impossible to exclude the manual control of the transfer 
function. Other research is investigating the possibility to use force feedback to 
allow the user to interactively looking through the volume [Lun02].  
 
Today the best method is to use some smart active presets to guide the user and 
then implement a histogram with trapetsoids to allow user control of the transfer 
function. The histogram and trapetsoids should be visible at all time, allowing the 
user to change the transfer function in a simple way during the work.    

5.2 Implementation of  Transfer Function 
The following sections will describe the implementation of transfer function 
generation. The implementation is based on the discussion about active presets and 
trapetsoids above.   

5.2.1 The Basic Idea 
The basic idea of the implementation is to allow the user to click on a specific tissue 
in the MPR or Volume view in order to study that part of the volume. A transfer 
function is generated automatically using the value of the point the user clicks on 
and the data in the image dataset. The transfer function curve is a trapetsoid 
mapping opacity and colour to the voxel values in the volume.  

User Interactions 

The user interaction should be as intuitive as possible. It is intuitive for the user to 
study an MPR image or a slice of the volume and then click on the interesting tissue 
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in order to remove other tissues. In the same way, it is intuitive to click on a visible 
tissue in order to remove it.  
 
To add and remove tissues the users selects the add/remove tool and then use any 
of the following methods to add and remove tissues in the volume. Any tissue that 
is shown in the volume is marked in the MPR images. All the possible alternatives 
for user interactions are shown in figure 49. 
 

 
Figure 49. User interaction alternatives 

 
The transfer function generation results in trapetsoids in the histogram that the user 
can interact with in order to do manual settings of the transfer function. Each tissue 
is represented by one trapetsoid.  

Active Generation of the Transfer Function  

The transfer function is automatically generated using the image dataset. The voxel 
values around the point the user clicks on is used for segmentation of the tissue. 
Gradient information at the edges of the segmented part of the volume is also used.  
 
The result is a trapetsoid mapping the different voxel values to a specific opacity 
and colour. What have to be derived using the data are the width and the slope of 
the trapetsoid. The width depends on the range of voxel values in the specific 
tissue. A tissue with a wide range of values needs to be represented by a wide 
trapetsoid while a tissue with only a few values can be represented by a very narrow 
trapetsoid. The slope of the trapetsoid depends on the boundary of the tissue. If 
there is clear distinction between the tissue and its surroundings the slope can be 
set very steep.  
 



Graphical User Interfaces for Volume Rendering Applications in Medical Imaging 
 

 

54 (72) 

For precise calculation of these parameters as much data as possible should be 
used. However, when using a significant amount of data the calculation time 
increases. The result has to be shown to the user in real-time and this puts high 
demands on the speed of the algorithm. If the algorithm is not fast enough the 
algorithm is useless.     

5.2.2 Limitations 
The implementation of this idea for transfer function generation is only a small part 
of this study and therefore some limitations are set. The goal is not to create a 
perfect implementation, but rather test the realism of the idea. To test the idea, only 
the adding of tissue using an MPR image is implemented.   
 
The requirement of speed is disregarded since the goal is to investigate the 
algorithms potential. If the result indicates sufficient potential, the next step is to 
investigate how to optimise the algorithm. This step will not be considered here. 
Another limitation is on how much data is used for the calculation of the transfer 
function. Currently, only one image in the image dataset is used. The results of the 
algorithm will probably get better if more data is used, but this has not been 
verified. 
  
The graphical user interface is limited not to include any real time interaction with 
the trapetsoids. Unfortunately, no in-depth evaluation of the results is performed 
because of the lack of time. However some conclusions on the future potential of 
the method is given under results. 

5.2.3 The Actual Implementation  
In this part the actual implementation will be described. Using a slice of the volume 
the transfer function is generated. The result, a look up table, is used for volume 
rendering of the volumetric data set. The implementation uses the volume renderer 
used in [Sig02].    
 
Matlab 6.1 is used for the implementation. Inputs are the pixel value and the pixel 
coordinates. Outputs are an MPR image with selected pixels marked and a look up 
table used for volume rendering of the data set. 

Pixel Value Analysis 

A local histogram analysis of the pixel values is performed. An area of 11x11 pixels, 
with the selected pixel positioned in the centre, is derived from the image. The local 
histogram of the 11x11 matrix is used in order to study the pixel value distribution.  
 
The histogram is analysed to select pixel values around the selected pixel, see figure 
50. The horizontal line shows which pixel values are selected. A simple criterion is 
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used for the selection of pixel values. The selected pixel value decides where to start 
the analysis of the histogram. First the histogram is analysed to the right and then 
to the left. If the number of pixels for a specific value do not differ more than 70% 
from the number of pixels of the value before, it is selected. Otherwise the search 
stops.   
 

 
Figure 50. Local Histogram 

 

Segmentation 

Segmentation of the tissue is achieved using the pixel values derived during pixel 
value analysis. All the pixels in the image between the minimum and maximum 
value are selected. For example, in figure 50, the pixel values between 0.515 and 
0.540 are segmented. Figure 51 shows the image before and after segmentation. 
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Figure 51. The original image to the left and the segmented image to the right. 
 
When this segmentation is done the width of the trapetsoid, the transfer function 
curve, is set. The slope is then derived using the gradient information at the edges 
of the segmented part of the image. 

Gradient at the Edges of the Segmented Image 

When the image is segmented it is possible to make a binary matrix containing only 
ones at the edges. To get the gradient information for a larger area a dilation of the 
binary image is done. 
 
By multiplying the binary edge matrix with the gradient image matrix the gradient 
value of the edges can be derived. These values are summed up and used to get an 
average gradient value of the edges. The maximum and minimum slope of the 
trapetsoid is set and the average is used to retrieve a slope in between. Linear 
mapping is used. 

The GUI 

The GUI is designed in the GUIDE, Matlab 6.1. The appearance of the GUI is 
shown in figure 52. There are two windows and a text area. One of the windows 
contains an image slice of the volume and the other contains the volume histogram. 
The text area contains information about the implementation, two buttons and one 
popup menu.  
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Figure 52. The GUI of the implementation 

 
When the application is activated, the image slice and the histogram are displayed as 
default. The user shift-clicks with the mouse cursor on the image in order to select 
a value that is used in the segmentation process. The segmented part of the image is 
marked using red colour. At the same time the trapezoid curve is drawn in the 
histogram, figure 53. This procedure is repeated whenever the “New” button is 
pushed. 
 

 
Figure 53. The histogram and trapezoid 

5.2.4 Results 
The implementation done is showing that the idea for transfer function generation 
has potential. However, extensive improvements and further developing is needed 
before it can be used in a real application.  
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Figure 54. Volume rendering to the left and the 2D image to the right… 

 
Best result is achieved when selecting bone tissue, see figure 54. This is because 
these voxel values are separated from the other values, which makes the 
segmentation quite simple. The distribution of voxel values is shown in the 
histogram in figure 55.  
 

 
Figure 55. Histogram of the whole volume. 

 
When selecting any of the other tissues the result is less acceptable. But the result is 
still sufficient enough to establish that the correct part of the volume is shown, see 
figure 56. If a clip plane is used to look at only a slab of the volume, it is easier to 
see that the result after volume rendering corresponds to the segmented part of the 
2D image, see figure 57. 
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Figure 56. Volume rendering of soft tissue to the left and segmented 2D image to the right 

 

 
Figure 57. Slab of the volume shows that the result corresponds to the segmented 2D image. 

 
The pixel value selection needs to be further developed. Using local histogram can 
be one solution if the analysis is improved. Unfortunately the simple local 
histogram analysis used sometimes results in the selection of wrong pixel values, see 
figure 58.  
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Figure 58. Example of the selection of wrong pixel values using local histogram analysis 

 
How to map the gradient at the edges of the segmented image to a slope of the 
trapetsoid is also a problem that needs to be investigated more thoroughly. Careful 
testing and several studies have to be done before the mapping can be fully 
understood.  
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6. Discussion 

The outcome of the evaluation of the different applications depends on several 
factors. Exactly what these factors are and how they affect the outcome is 
impossible to say. But there are some aspects that can be identified. These are; the 
characteristics of the participants, the amount of time available for interviews and 
observation and the applications selected for evaluation. 
 
The selection of the participants is mainly based on the availability and interest of 
the participants. The availability and interest of the user affects the amount of 
contact possible. Of course, more contact results in more thorough interviews and 
therefore some users opinions affect the results more than others. In this study the 
most experienced users are continuously participating in the study and giving 
feedback.  
 
All the users participating in this study are experienced and have an interest in the 
use of volume rendering. Some of them are also to some extent experienced users 
of computers, which facilitate their ability to adopt new applications. The 
characteristics of the future users will probably be different. This is due to the fact 
the there will be broader range of users that do not have the same experience of 
computers and interest in the use of volume rendering. Instead they will most likely 
be interested in using volume rendering only if it facilitates their work and make it 
more efficient. Therefore, in the future the concept of usability will be even more 
important. 
 
The selection of applications mainly depends on what application is used at the 
clinics where the user participating is based. How thoroughly each of the 
applications is studied depends on the availability of the users. Some of the 
applications are studied several times while others are only studied once. Also 
contributing to the completeness of the evaluation is the access of user manuals.  
 
The graphical user interface designed in this study is not implemented, but only 
presented as an image. This makes it impossible to perform user testing. User 
testing is essential before any real conclusions about the usability of the GUI can be 
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made. But since the design is based on the user requirements gathered during 
interviews, the usability is most likely sufficient. The GUI and the descriptions of 
the different functionalities are not complete. If an application is to be designed 
using this study the developers must do further elaborations and specifications.   
 
A large problem in all the applications is the user interactions with the three-
dimensional volume. One example is the navigation of the clip planes. The study 
was limited to only investigate the possibility to use conventional computer screen, 
keyboard and mouse. This limits the interaction possibilities. It would be interesting 
to investigate alternatives, such as haptic devices etc. The future will most likely 
offer new exciting possibilities to develop more user-friendly applications for 
volume rendering in medical imaging using alternative interaction methods.  
 
The future use of volume rendering in medical imaging will not only involve new 
user interaction methods, it will also probably introduce new application areas. 
Volume rendering will most likely be used in order to facilitate the work of the 
clinicians to a larger extent than it is today. For example the traditional conference 
where two-dimensional images are shown to the clinicians in order to explain the 
diagnosis might be replaced by volume renderings displayed in stereo. Another 
example is the surgeon, who might be able to use volume rendering in order to plan 
the surgery.  
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7. Conclusions 

The usability of the applications in this study is not sufficient, according to the 
users. Before sufficient knowledge is achieved significant amounts of time has to be 
spent on learning. To increase the usability of the volume rendering applications, 
the graphical user interfaces need to be simple and only include the most important 
and frequently used functions. For example Zoom, Rotation, Select, Clip Plane, Cut 
and Image Capture.  
 
Most important is to improve the usability of the transfer function generation. This 
is a difficult problem to solve but the user control of the generation is essential. 
This is achieved by the use of both presets and manual settings. To improve the 
results of the presets the transfer function can be calculated explicitly for every 
dataset. Best user control of the transfer function generation is achieved by using 
trapetsoids and histogram. 
 
Today many users are sceptic about the use of volume rendering. They do not rely 
on the technique enough to use it in the diagnostic process to any larger extent. The 
lack of user confidence is mainly a consequence of the problem of generating the 
transfer function.  
 
The volume rendering technique will introduce a totally new work procedure at the 
clinics. The traditional distribution of work will not apply. Instead the radiologist 
will be responsible for the processing of the image data.  
 
We are, however, convinced that when the usability of the applications is improved 
and the users have higher confidence in the transfer function generation, volume 
rendering will be a standard method for analysing medical imaging obtained from 
MRI and CT. 
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10. Appendix A 

10.1 Material Used During Interviews 

10.1.1 Flowchart 
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10.1.2 List of Functions 
 

 
 

10.1.3 Questions 
Hospital: 
Name: 
 

Questions about the clinic 

Number of employees: 
Number of CT:  
Number of MRI: 

Questions about the use of Volume Rendering at the Clinic 

To what extent is VRT used? 
Who uses the application? 
Who has the knowledge to use the application? 
For which examinations are VRT used? 
Where are the workstations located? 

Questions About the Workflow 

Does the chart describe the workflow in a correct way?  
Where is the diagnosis made?  

Other Questions 

How easy is it to navigate the volume? 
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How can one see how the volume is rotated in the 3D space? 
Can the user control what is happening?  

Personal Questions  

Why did you learn to use the VRT? 
Have you experienced any resistance against the use of VRT? 
What to you think about the future use of VRT? 
What do you believe it will take before VRT will be used as standard? 

10.1.4 Additional Questions  
Histogram: 
Do you prefer to use trapetsoids or curves? 
 
Colour Mapping: 
How many colours are needed? 
 
ROI: 
Can the user undo the actions? 
 
Clip planes: 
How many clip planes are needed? 
 
Rotate: 
How does the user know how the volume is rotated in space? 
 
Save: 
Is it possible to save settings made to be able to get back to work at another time? 
 
Shading 
Is it only used to get ”pretty pictures”? 
  
Stereovision: 
What do you think of using glasses for stereovision? 
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11. Appendix B 

Zoom 

The zoom function is important and used quite frequently and should therefore be 
available at all time. A simple icon, figure 59, of a magnifying glass visible at all time 
allows the user to, in a simple way, zoom the image. The user moves the cursor up 
to zoom in and down to zoom out. 
 

 
Figure 59. Magnifying glass 

 

Rotation 

Rotation of the volume around its different axis is according to all users a very 
important function and it should be available at all time. The Rotation is shown in 
figure 60. When the rotation tool is selected, the user can move the cursor in the 
image to rotate the volume. Cursor movement from the left to the right rotates the 
volume around its y-axis and movement up and down rotates the volume around 
its x-axis. 
 

 
Figure 60. The rotation button 
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Pan  

The pan function changes the position of the image in the view. This function is 
important and used very frequently and should therefore be available at all time. A 
Pan tool icon, shown in figure 61, is used. When the pan tool is selected the user 
can click on the image and drag it to sought position.  
 

 
Figure 61. Pan button 

 

Annotation 

The tool icon is shown in figure 62. The user selects the tool and clicks in the image 
to start writing.  

 
Figure 62. Icon for Annotation Tool 

Cut 

Cut is a very frequently used function. It should therefore be available at all time. 
When an area is selected, using the selection tools described earlier, the user presses 
the Cut icon or the delete key to remove that part. To use scissors to symbolize the 
cut operation is used by a lot of applications, see figure 63. 
 

 
Figure 63. Cut Tool 

Lights and Shadows 

The user is able to turn the light source on and off and it has the possibility to hide 
the light source. This is accomplished by checkboxes. When the user clicks in the 
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on checkbox, the light source is in on mode and when the visible checkbox is 
ticked, the light source will be visible, figure 64. When visible, the user can grab the 
light source and move it around. It will always point towards the origin of the 
volume. By default the light source is on, but not visible. 
 

 
Figure 64. The interface of the movable light source 

Stereo vision 

Stereovision is a function that is not an absolute must. But since users that have 
experienced stereovision believe it is an advantage, this function could be included. 
However it should have much lower priority then other functions discussed. The 
user can put stereovision on and off by using the checkboxes, see figure 65. 
 

 
Figure 65. Stereo on/off 

Save Work 

Save work is accomplished by the commands Save and Save as in the menu. 

Help 

A function that guides the user in different situations is available in the menu.  
 
The help function contains an index where the user can look up and search for the 
solution to their problem. The user is able to search by words or subject area. The 
Help function also contains a wizard for those who needs extra information and 
help. 
 




