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4ÅÒÍÉÎÏÌÏÇÙ 
 

Term Description 

Workflow  Collection of linked tasks, resources and information elements which are involved 

in  specific process to achieve a specific goal  

Image 

co- registration  

The step preceding image fusion where the different sets of data are transformed   

into one coordinate system. The result of co - registrat ion aims to gather 

information  specific to several image modalities, that put to gether will bring 

relevant/new  information.  

Contouring  The process of identifying regions of interest (tumor or organs) by drawing a  

line on the border of the region of interest. Also referred to as ódelineationô  

or ósegmentationô. óSegmentationô typically refers to algorithm-based   

contouring with no or limited user involvement.  

User Interface  Visual part of  computer  application or  operating  system through which 

a user  interacts with a computer or a  software. It determines how commands are  

given to the computer or the program and how information is displayed on the 

screen.  

MITK  Medical Imaging Interaction Toolkit  (www.mitk.org )  

CT or CAT  Computed tomography (CT scan) or computed axial tomography  

MRI  Magnetic Resonance Imaging  

PET Positron Emission Tomography  

FMRI Functional Magnetic Resonance Imaging  

MRSI  Magnetic Resonance Spectroscopy Imaging  

GTV Gross Tumour Volume  

CTV Clinical Target Volume  

PTV Planning Target Volume  

OAR Organ At Risk  

3D Three dimensional  

ROI  Region Of Interest  

 

http://www.mitk.org/
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ρȢ )ÎÔÒÏÄÕÃÔÉÏÎ 

This report presents the user interface concept in radiotherapy for SUMMER MITK prototype. It is one 

of the deliverables of the  SUMMER project. D esigning a good  user interface encourages an easy, 

natural, and engaging interaction  between a user and a system, and it allows users to carry out their 

required tasks. The scope of the  document involves some of the user interface concepts for registration 

and contouring tasks of the fi rst RT treatment plan  but not intended to be a fully complete software 

design  concept . The main application areas which are involved in this project are the   glioblastoma 

multiforme and lung tumors.   

This document aims to highlight some problematic user ta sks and identify the design needs for these 

with example solutions. However, this document will not provide ready - for -use interface design as that 

requires complete software engineering process (would require much more manpower and which is out 

of the scop e of a research project). Additionally, the development should be iterative 

(design ->development ->(usability)testing ->improve) and the concept will become final only by the 

end of this project.  

ςȢ $ÅÓÉÇÎ ÃÏÎÔÅØÔ ɉÔÅÃÈÎÉÃÁÌ ÁÎÄ ÏÔÈÅÒ ÌÉÍÉÔÁÔÉÏÎÓɊ 
2.1 MITK Platform 

One of the challenges of the project was to find a common development platform in order to 

standardize  the work of each partner. The choice of this platform is important and the platform should 

be easy - to -use  in order to provide a unique prototyp e combining all the developments at the end of 

the project. The Medical Imaging Interaction Toolkit (MITK) has been selected. MITK combines the 

Insight Toolkit (ITK) and the Visualization Toolkit (VTK) with an application framework. As a toolkit, 

MITK offe rs  features that are relevant for the development of interactive medical imaging software 

such as  segmentation and registration tools (Technical report  2012 ). However from the figure below 

you can see that the user interface of MITK is not very intuitive. The phy sicians will not accept if the  

interface shows  so many tools at the same place. Many of  these tools are not very intuitive and it is 

not possible to develop new tools in this platform.  SUMMER project has decided to use it as a plugin 

based platfor m where every researcher's work will be used as a plugin in  the MITK platform .  

http://confluence.summer-project.eu/display/TD/1.1+Introduction
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Figure 1:Current MITK user interface 

 

2.2 Design concept limited to mouse-keyboard interaction  & Potential benefits of other 
types of interaction 

HCI plays a very important role among all healthcare professionals and clerical staffs .The main 

expectations are user friendliness, user -acceptance and user -competence.  In the SUMMER project the 

input device is limited to the mouse and keyboard interactio n.  Many interactions and input devices are 

available in general, including mouse, pen - tablet, keyboard, joystick, trackball, tactile, gesture, 

speech, eye -control. For example  multi - touch table/screens are very useful for the decision making 

and for the co llaborative study. There are many review papers which speaks about the new interaction 

and their benefits for the users (A.Ramkumar et al., 2013). However these devices cannot be 

implement in the SUMMER project immediately as every input device needs to be  programmed 

according to the ways of interaction.  Extra peripherals might be selected, depending on feedback from 

user - study  with the current input devices.  

The authors considers the following as the main design challenges  that will be covered more thorou ghly 

in the following chapters . 

¶ Integration into clinical workflow  ï chapter 3  

¶ Image co- registration ï chapter 4  

¶ Contouring/Segmentation  ï chapter 5  

¶ Multimodality contouring  ï chapter 6  

σȢ )ÎÔÅÇÒÁÔÉÏÎ ÉÎÔÏ ÃÌÉÎÉÃÁÌ ×ÏÒËÆÌÏ× 
3.1 Standardized datasets 

Radiotherapy treatment planning is a complex multi -participants process. As such, it is important that 

each software solution is fitting together with the other already existing solutions and is adapted to the 

different roles and tasks. One way to ensure c ross -software compatibility is to enable importing data in 

a standard format and export data in a standard format. For the SUMMER -MITK prototype, therefore, 

it has been defined as a requirement to be ab le to import any known dataset in a DICOM format.  For 
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example PET, CT and MRI and also binary images (e.g. fMRI) are intended to be supported.  In addition , 

the structures in the DICOM -RT Structure Set file format can be both imported and exported.  

Some (newer) imaging modalities are not yet available in a sta ndardized format. One example is a MR 

spectroscopy data which is vendor dependent. However, one of the application area within SUMMER 

consortium is glioblastoma multiforme  (SUMMER Consortium, 2013 ) , enabling the use of MRSI 

acquired with any known vendor  was identified as high importance.  

 
Figure 2:SUMMER-MITK usage as seen for clinical settings 

 

3.2 The user interface starting page 

One of the main requirements in the project is to design an user interface which is consistent, 

self -explainable, etc. As there will be multi -modality images for each patient, it should be intuitive  for 

the physician to select their patient data  sets  and t o perform their tasks. Therefor the concept 

of  SUMMER MITK user interface starting pages has been proposed in this section.  

        
Figure 3:Login page for the user                                                       Figure 4:Patient selection interface 

 

Figure 3 shows the "Login page". Authentication system is crucial for any clinical application to ensure the 

right access rights and history of activities. Within our proposed design find the most relevant part to 

ind icate which physician/user did which task   to enhance transparency of workflow. Also even if some 

other physician modifies the image it will be stored on the system as they have to login to modify it at later 
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stages. Once the physician had logged in, then that goes to the figure 4, where the physician needs to 

select the patient by clicking on the "open patient".  

       
Figure 5:Selection of the patient                                                           Figure 6:Overview of tasks 

After clicking on the ñopen patientò  that leads to the figure 5 where the user needs to select the patient 

they want to co - register or contour and they have to click on "open". Once they have selected the 

desired patient then they get to the display 6, where the physician will be able to see the 

datasets  available for the particular patient. If they think that they have cho ose a wrong patient they 

could click on the close patient and then it goes to the figure 4 again. In the figure 6 the physician could 

see the tasks they  have to do. If the patient was already started by another physician the new physician 

will be able to see the name and status of the task. The status could be of 4 types: 1) To do  2) In 

progress /started  3) completed but not validated 4) completed. Then th e physician will be able to select 

their task which ever they want to perform. There is also a tab as display where the physician will be 

able to visualize the datasets they want to which is shown in figure 7.  

 

3.3 Image display layout 

In the clinical sett ing, there are two main approaches for viewing multimodal images: fusing them and 

viewing them next to each other.  

Overlaying images (a.k.a fusing them) is an existing functionality in MITK platform.  The user would 

need  tools to change the layout of the f used images . Example three layout :  

¶ Show one view in maximum size. Primarily on axial slice, but alternatively also coronal and sagittal 

for checking purposes. For this purposes , when the user moves a mouse on  the view, there will be 

an icon enabling to go full size (e.g. like in MITK)  

¶ Show all three planes with corresponding 3D rendering. This will be the default layout shown to 

user. However, if they have changed the layout, they can return to it by clicking the icon   

¶ See the axial plane and the corresponding 3D rendering. This layout can be triggered by clicking 

the corresponding icon.  

The windowing of the fused images can be done by moving and resizing the bar on the right side of the 

views.   
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Figure 7:Fused image display 

Another approach is displaying images side -by -side also called as  linked  view . In this non - fused setting all 

selected  image  datasets  (in the data manager ) will be displayed .  

 
Figure 8:Non-fused image display 

The default 2x2 layout can be rapidly changed by choosing one of the preset layout  from the drop -down 

menu on the top - right corner of the displayer . In this drop -down, e ach of the  layout is accompanied 

with an  icon to enable faster recognition  (see Figure 9) . Additionally, user can create a custom number 

of rows and columns in the 'custom...' option.  

 
Figure 9:Image display layout with dropdown option 
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The settings menu , that can be opened by clicking on the appearing icon in the top right corner of a view,  
view has two parts: the plane selection and the modality selection . 

 
Figure 10:Image display with menu options 

 

In the fused view, the user can select multiple datasets, all the selected datasets will be fused in that 

one view. In the non - fused view, by selecting a datasets the previous selection will be unselected ( i.e.  

only one datasets can be chosen).   

 

3.4 Validation of outcomes 

In clinical workflow, outcome from each step must be validated. In case the task was completed by an 

experienced person (e.g. senior oncologist, senior medical physicist), the results can be assumed 

correct and validated. However, when the task is complete d by a less experienced person (e.g. first 

year resident), then the outcomes must be validated by a more senior person. In order to enable such 

a functionality, the software needs to be aware which type of user is using it. In case external validation 

of t he outcomes is required, next step  in the workflow  can be started, but not completed.  

τȢ )ÍÁÇÅ ÃÏ-ÒÅÇÉÓÔÒÁÔÉÏÎ 

The co - registration may be performed for the same modality of images (e.g., two T1 -weighted MRI 

acquired on the same patient but at different tim e = "intra -modality" co - registration) or different 

modalities of images (e.g., T1 -weighted MRI image set can be co - registered to CT scans = 

"inter -modality" co - registration). The result of the co - registration is a mathematical transformation 

defined by the  "registration matrix".   

Ideally, co - registration would require minimum interaction from the user for achieving good results.  

 

4.1 Co-registration of  brain medical datasets : an example 

For glioblastoma multiforme cases, rigid registration is sufficient since the skull is a rigid structure with 

little (  in case there was prior surgery  surgery) or no modifications to it. Therefor e, it is feasible to have 

the co - registration of the brain datasets fully automatically. The challenge for brain cases is 

co- regi stering multiple datasets with minimum effort. Therefore, the software should be designed in 

the way that user can easily choose the datasets and once they are registered, the user can easily 
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evaluate and manually modify them. Here we propose a two -step au tomatic rigid registration design 

concept.  

 

 
Figure 11: Multimodal registration step 1 

4.1.1 Step 1 in two-step multimodal rigid registration 

Previously the patient datasets have been loaded to the SUMMER -MITK  software . User initiates the 

rigid registration by choosing the corresponding task in the 'Tasks' tab.  

 The user is prompted with a datasets selection dialog:  

¶ Fixed image: a dropdown listing all the loaded datasets. In case a CT is available, it is 

pre -selected since typically all images ar e registered with RT planning CT.  Currently it is 

necessary to register datasets to CT since CT is used for dose calculation purposes.  

¶ On change of the selection in the dropdown, the list of images available for co - registration is 

updated.  

¶ Bellow all  other  datasets loaded into the software  are listed . The selected 'fixed image' is not 

displayed in the list  

Once the user has selected the datasets to be co - registered and clicked on "OK' button, the automatic 

co- registration will be initiated. The software will optimize the order of registrations if possible. For 

instance, MRI sequences acquired at the same time are assumed to be already in the same space. 

Therefor the CT+MRI -T1 transformation matrix obt ained can be applied to the MRI sequenced acquired 

duri ng the same acquisition session instead of complete independent registration.  

Following general usability principles, t he progress will be shown per each pair of registration as an 

overlay  in order to keep the user updated on what is happening in the softw are.  
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Figure 12: Multimodal registration : Progress tab 

Once the co - registering is complete and new layout will appear -  a new tab "Rigid co - registration -  

evaluation" appears instead of  the "Datasets" tab  and the images display will be shown  

 
Figure 13: Multimodal registration validation 

 

4.1.2 Step 2 in two-step multimodal rigid registration 

Per each co - registered dataset pair, a n expandable section appears in the tab "Rigid co - registration -  

evaluation". Only one section can be expanded at a time. When the user clicks on the section bar 

(indicated by the modality pair name), the corresponding co - registered images will be displayed  on the 

right side of the screen. The default opacity will be 50%  for each image . The user is shown the 

translation and rotation details which can be modified manually if needed. Additionally, the moving 

image can be moved by dragging it.  

Special case of r egistration is fMRI registration which depends on the existing CT+MRI -T1 registration.  
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Figure 14:Multimodal registration validated fMRI images  

Once the  CT+MRI -T1 has been accepted the user can evaluate the overall result (transformation 

matrix CT+MRI -T1 combined with fMRI+MRI -T1). Additionally, the user has the possibility to choose 

which fMRI areas this transformation should be applied to (based on the loaded datasets).On accepting 

the registration, the transformations will be applied to these thresho lded activation areas.   

 

4.2 Visualization of fused images 

Almost all the studies in radiotherapy planning are using various modalities for contouring the tumor. 

When using the multi -modality images , the users co - register the images to visualize the tumor area 

better. The major issue arising after co - registration is the checking of the fused images. It is not 

necessary that that the images co - registered are actually registered in a proper way. Checkin g needs 

to be done in  the three orthogonal planes. Axial plane is typically the starting point. Once the images 

are well co - registered on axial plane, the coronal and sagittal ones will also be checked (technical 

report  2012 ).  As the number of datasets and  imaging modalities are increasing with the advancement 

in technology, there is a need for the intuitive way of visualizing these fused images. Some solutions 

are already present in the current systems like 1)  Checkerboard, 2)  Spyglass 3)  Opacity overlay  etc. 

However much  research is going on to find out the best solution for visualizing a 3D co - registered 

images.  

υȢ#ÏÎÔÏÕÒÉÎÇ 
5.1 Manual contouring tools 

Different existing tools support different ways of contouring.  The tools also affect the outcome of the 

segmentation results.  Some of the common tools have already b een mentioned in  the W orkflow 

Analysis Report  done within the SUMMER consortium (Aselmaa,  A.,  et al., 2013 )  .  

The MITK workbench(MITK 2014.03)  has the standard tool like the paint tool, in which the user 

could  choose  the  diameter of the brush size according to the organ size. This is very useful for the 

organs which has a round shape.  The other tool which the MITK segmentation plugin has, is the  add  

tool which is similar to the free hand drawing of the organ. But not all the physicians are happy with the 

free hand  contouring  using a mouse input only. However , there are  many other tools on MITK which 
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needs to be explored to identify which ones are  more intuitive  than the existing ones in SUMMER OAR 

contouring plugin.  

The issue with the tools here is that the users always needs to choose between different tools for 

different purpose. For eg: The y have to use the paint  tool in larger areas and then have to change to 

add tool or reduce the size of the brush to smaller areas. If they have to wipe then they have to choose 

the function of subtract or wipe or erase and sometime they forget to go back to their contouring tools. 

Hence the tools are not very  intuitive.   
 

5.2 Design concept on how to have many of them, but not overwhelm the interface? 

All the contouring systems has more than one tool which could be used for contouring. So tools should 

not overwhelm the interface as seen in the figure  15. This issue could be solved by combining 

the   action of opposite functions of different tools into one single tool. For  example,  the add  and 

subtract  of contour could be included in to  a single tool which will be intuitive for the users  and  also 

reduces the time of  changing between the tools. There is also the possibility of designing a tool which 

adapts to the  intensity of the image . This type of tool the users  could  easily  use  in smaller areas as well 

as in the larger areas.  

 
Figure 15:Manual contouring tools 

The above figure shows some examples of the manual contouring tools available in MITK. Each function 

has a separate tool. For example  add  and paint  tool s can be only used for contouring and the subtract , 

wipe  and erase  tool s can be used only for deleting a  contour . 

 

5.3 Semi-automatic contouring and the design challenges 

The main steps involved in the semi -automatic contouring are as follows  

¶ Selection of the algorithm  

¶ Initialization  

o Selection of the tool for contouring  

o Selection of the parameter for  initializing the segmentation/s election of the area to draw 

the input  

¶ Computational method (running of algorithm)  

¶ Visual inspection of the results  

¶ Post -processing corrections (if the results are not as good as expected)  
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This image shows the flow of inform ation between the  user and computer( see (A.Ramkumar et al., 

2014 ) ) . Both the human and the computer are involved in a semi -automatic system  and  there is a ne ed 

to balance between the human -computer  part . Most of the previous articles have considered only t he 

computational part in t he semi -automatic segmentation  (Whitfield et al.,2013 )  (Christopher et al., 

2007 ). The problem arises, if the initial input given by the user is not optimal to get the good result then 

there needs to be iteration to improve it. Th is iteration is visually challenging as the user needs to look 

through all the slices in -order to improve the previous result. After the second iteration , i f the results 

are still not good then the process continues till they achieve a satisfying result. T his could be very time 

consuming compared to the manual segmentation and hence there is a need to improve this situation. 

Another major issue with the semi -automatic segmentation is that most of the system expects the user 

to  under that computational part in order to get a good segmentation. However the users are 

overwhelmed with the medical knowledge and hence becomes it becomes a cognitively challenging 

task for the users. This issue could be solve by developing an intelligent system which can optimize 

it self according the users input and hence not making the users think too much.  

 

 
Figure 16:Human-Computer Interaction process in a semi-automatic segmentation 

 

5.4 SUMMER OAR contouring process (Version 1)- one of the Semi-Automatic Segmentation 
workflow process 
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Figure 17:Semi-automatic contouring interface (A.Ramkumar et al., 2014) 

 

Figure 17  shows a screen shot of the user interface of Organ At Risk OAR prototype  developed in 

SUMMER. On the right side of the interface are tools which are used for drawing and manual 

modifications. The left windows  has the data manager , which allows the users to select data and set 

them visible/invisible. There are also several scroll bars at the bottom of the left windows which are 

called as image navigators and a re used by the user to scroll through the images. The main rendering 

window is presented at the center with 4 quadrants, 3 of them show different orthogonal views. The 

bottom right quadrant shows the result as a 3D image. The top left quadrant (the axial v iew), shows 

some background (blue colour)  and foreground seeds (red colour)  which were drawn by the user.  The 

major difficulty faced by the physicians was that they got confused between the tools and sometimes 

forgot to change the drawing and the wiping tool s.  The below figure shows the process involved in the 

semi -automatic segmentation.  

 

 
Figure 18: OAR contouring process-1 
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The above figure shows the steps involved in the SUMMER OAR prototype. By following the steps the 

physicians could easily achieve their desired results. The users just have to indicate the system the 

organ they want to segment and the organs that should not be included. Even though it is a very 

intuitive way but the physicians must exactly indicate which are the organs they don't wan t to 

include.  If they forget to indicate then the system sometimes might include it in the organ of interest. 

Also the users need to think about drawing the background contour and it is cognitively challenging for 

them. Although the users require some int eraction at the beginning, they still need to modify the 

contours if they are not satisfied with it. This leads to the issue  that the users might end up correcting 

the whole segmentation manually instead of re - running the segmentation  again. The possible  solution 

could be that system could intelligently identify the area of changes and just re - run the segmentation 

only for that smaller part instead of the whole organ so that their previous contours will not be modified 

and the users can visually inspect o nly the modified areas.  

φȢ %ÁÒÌÙ ÄÅÓÉÇÎ ÃÏÎÃÅÐÔ ÆÏÒ ÍÕÌÔÉÍÏÄÁÌ ÃÏÎÔÏÕÒÉÎÇ 

One of the critical tasks for a good treatment plan is to identify all the relevant regions of interest 

(ROIs) correctly. This can be done either fully manually or combined with comp uter -aided solutions 

(i.e. semi -  or fully automatic segmentation methods)  

  
Figure 19:Contouring task overview 

Under the 'Tasks' tab, 'contouring section' all possible segmentation/contouring related tasks are 

shown.  

¶ 'Load ROI ôs from template'  

o Within the software there are structure templates stored per case/tumor type. The 

template stores per structure type -name -color.  

o Within this functionality also the user will be offered the  possibility  to run fully automatic 

segmentation methods.  

¶ 'Load RTSS' allows im porting structures from an existing RTSS file  

¶ 'Contour' opens layout suitable for starting contouring (manually or combined with 

semi -automatic method)  

¶ 'Validation' is enabled once all structures created have at least one contour  

 

6.1 RTSS-Import and Export 

When the user has chosen from that 'Tasks' table ' RTSS' and overlay (or pop -up window) is shown.  The 

Import tab will be selected by default.  First the user has to select the correct CT  image with which  the 

structures will  be fixed. The dropdow n only show s CT type of images from the imported datasets. And 

then the user has to located in the file system the RTSS file.  



D2.2 ï User interface concept and new workflow  
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Figure 20:RTSS import step 1  

Once the RTSS file has been located in the file system  by the user , a button 'Load list'  appears  that will 

initiate reading the file .      

 
Figure 21:Import RTSS step 2 

 

Identified structures from the RTSS file will be displayed as a list. For each structure the user has the 

option to un -check it -  meaning that structure will not be imported. Also the color can be changed -  double 

click on the color will open color selector window. On click ing  'OK' the selected structures will be imported  

and will be shown in the óStructuresô area.  

 




















