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INTRODUCTION 

The MICE Toolkit (Medical Interactive Creative Environment) is a graphical programming user 
interface that is user friendly while still highly flexible. Once the user has been acquainted with 
the basic principles of the software, complex image analysis processes can be constructed 
very quickly. It also serves as a platform for research, where users can share their solutions 
with the community in a standardized way. This document is meant as an introduction to MICE 
so that new users can get a feel for the user interface and start using the program. 

MICE is built mainly using the C# programming langue using the .NET-framework, while some 
parts of the software are C++. Many of the filters and functions in MICE are from ITK (The 
Insight Segmentation and Registration Toolkit), which is the gold standard software library for 
medical image analysis. The registration functions in MICE is based on elastix, which is in 
turn based on ITK. Elastix is a ready-made solution with many advanced functionalities that 
are easily accessible ot of the box. Further, a large part of the medical research community 
uses elastix, and elastix parameter files are often published and distributed.  

The MICE toolkit features a sophisticated visualization module which is based on VTK (The 
Vizualization toolkit), an open source freely available software system for 3D computer 
graphics, image processing and visualization. In the visualizer, the user can fuse multiple 
image sets, perform multiplanar reconstructions, advanced 3D visualization using shaders and 
raytracing in OSPray, create animations and much more. 

There are external integrations built in to MICE, which allow the users to program their own 
functions using either MATLAB or Python syntax directly in MICE. To use this functionality, 
MATLAB and Python must be installed on the system. 
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INSTALLING MICE 

To install MICE, simply download the software files from the homepage, unzip mice.zip and 
run setup.exe. The software requirements needed to run MICE are: 

§ Windows 7, 8, 8.1 or 10 64-bit 
§ C++ Redistributable 2012 
§ C++ Redistributable 2015 
§ .NET framework 4.6.2 

MICE will check that the prerequisites are satisfied at launch, and if not, it will ask the user to 
install them. The recommended hardware setup for MICE is listed below. A much more basic 
setup will still allow the software to run, however, medical image analysis can be quite 
computationally demanding. 

§ Quad Core CPU 3.5 GHz or faster 
§ 32 Gb RAM 
§ Good graphics card, Nvidia or Intel 
§ Internet connection 

The user must activate MICE using the license key generated when downloading the software 
from the homepage. Note that MICE will check the license key against a server at random 
intervals during start up, which means that the computer must be connected to the internet, 
or MICE will stop working at some point. 

External integrations 

To use the external integration functionality, MATLAB R2016b+ and/or Python v2.7+ or 
Python v3.5+ must be installed on the system.  
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MAIN USER INTERFACE 

The main user interface in MICE is built up on different panels. Each panel or tab can be 
docked and undocked by drag-and-drop to rearrange the workspace. 

 

The toolbar – in this panel the user can select the nodes to use in the process (sorted by input 
data type), access different tools and settings for the main program, as well as other 
miscellaneous tools such as alignment options, undo, redo and screen capture. 

The node settings panel – whenever a node is selected, the settings for that node can be 
edited in this panel. 

The node output panel – whenever a node is selected and has been successfully executed, 
the output of that node will be displayed in the panel. The result can be either an image, a 
plot or a data table. 

The process window – in this panel the user will create the processes, or analysis workflows, 
using the nodes (program functions either supplied with the software or created by the user) 
available in MICE. 

The database panel – this is where you create MICE databases or connect MIQA (Medical 
Image Quality Archive) databases. This is also where you select patients and datasets to use 
in the processes you create. 

  

TOOLBAR
NODE SETTINGS
NODE OUTPUTS
PROCESS
DATABASE
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DATABASE PANEL 

 

 Select a database from a list of the available databases. 

 Import DICOM from folder. This option is only available for local databases created 
in MICE. 

 Edit connection. Change the settings for the current database, such as host for a 
remote database or path for a local database. 

 Add existing database file. Connect a file which contains a database created using 
MICE and add it to the list of available databases. 

 Create a new local database. 

 Remove the selected database from the list of available databases. 

 Select patient from the selected database. 

 

Importing to a database 

When a local database has been created and selected, DICOM images can be imported into 
the database using the Import DICOM from folder option. The import folder function is 
recursive, so all DICOM files in the selected folder and its subfolders will be imported. After 
a folder containing DICOM images has been selected, the import dialog will open. In the 
import dialog, the user can set different naming options, as well as create filters and perform 
basic anonymization. If no custom naming or anonymization is needed, simply press START. 
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Series naming 

In the series naming tab, the user can set which DICOM tag to use for naming in the MICE 
database. The default tag is SeriesDesription and the default name if the selected tag is blank 
is No Name. This can be changed by simply typing the new name in the Default Name field. 

File filters 

In this tab, the user can specify filters which include or exclude files from import into the 
database. As an example, the user can specify “IF EchoTime EQUALS 70 THEN Exclude”, 
which will prevent all images in the DICOM folder with an echo time of 70 being imported 
into the database. 

Anonymization 

In the anonymization tab, the user can choose to de-identify a basic set of DICOM-tags of 
each file being imported. The patient name and ID will be randomly assigned. There are 
checkboxes which allows the user to keep Series Description as well as b-values for DWI series. 
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Options 

There is a fast import option which can be useful when importing a large number (>35k files) 
into a new database. 

Patient selection panel 

 

In the patient selection panel, the user can 
select a patient from the drop-down menu. The 
database is searchable by typing in the Name or 
Patient ID fields. When a patient is selected, the 
available study dates for the selected patient 
will be displayed in the panel. Under each date, 
the available images for that date will be 
displayed. If there are supported datatypes 
which are not images available for that date 
(such as RTSTRUCT or REG), they will be 
attached to images with the same 
FrameOfReference. To import an image to a 
process, simply drag-and-drop the image to the 
process panel. On right-click, the user can view 
the DICOM tags of an image or (if it is a local 
database) rename, delete or save an image to 
disk. NB! Deleting an image will NOT remove 
entirely it from the database, it will just be 
removed from the selectable patients list. To 
completely remove a deleted image, use the 
tool Vacuum and Reindex Database in the 
Database menu. 
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TOOLBAR 

Nodes 

All nodes that can be used in processes in MICE are sorted by input data type. Although 
several nodes can have multiple data types as input, such as both an Image and a Mask, they 
usually operate mainly on one data type and use the others as auxiliary inputs. The data types 
in MICE are color coded so that it is clear how to connect one node to the next – only matching 
data types (colors) can be connected to each other. The datatypes in MICE are the following: 

COLOR DATA TYPE MENU DESCRIPTION 

 Data Collection Data 

The Data Collection type contains tables with 
rows and columns. Think of it as a spreadsheet 
(this data type can be exported to Excel and .csv 
files). 

 Mask Mask 

The Mask data type contains binary images, 
where each voxel can be True or False. In every 
other sense, it shares the attributes of the Image 
data type. 

 Image Image 

The image data type contains an image of any 
type. It can be 2D, 3D or 4D, and it has float 
voxel values. It has information on voxel size, 
image position, frame of reference information 
as well as other essential information about the 
image. 

 Complex Image Complex 
The Complex Image type shares the attributes of 
the Image data type, although it allows for 
complex voxel values. 

 Vector Image Vector 
The Vector Image type shares the attributes of 
the Image data type, although it allows for each 
voxel to contain a vector, i.e. 3 values. 

 Curve Collection - A collection of curves (plots). 

 
Registration 
Collection 

- 
The Registration Collection contains 
registrations imported from DICOM.  

 RT-Struct Structure 
The RT-Struct data type contains a single organ 
delineation, defined as a polygon chain in each 
slice for which the structure is defined. 

 
RT-Struct 
Collection 

Structure 
The RT-Struct Collection contains multiple RT-
Structs. 

 
Transformix 
Parameter 

- 
The Transformix Parameter type contains a 
transform which can be used to move or deform 
an image, or to create a vector field. 
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 Data Element Data 
The Data Element type contains a single data 
element which can be used to create bespoke 
data tables. 

 Bit Values The Bit data type is either True or False. 

 Number Values The Number data type contains a float number. 

 Text Values The Text data type contains a string. 

 

Not all data types have nodes that operate on them directly (they serve only as auxiliary 
inputs), and they are therefore not assigned to a specific menu. It should be fairly intuitive to 
find most nodes in the menus - for example, if you want to apply Gaussian noise to an image, 
your best bet is to look in the Image menu. Adding noise, smoothing and similar functions 
can be found in the Filters submenu. All nodes will display tool tips on mouse-over in the 
menus. 

Applications 

There are special nodes located outside of the data type specific menus. The first one is 
Applications, which is designed to host nodes that are specific to an application. For now, this 
menu is populated only by the External Integration nodes. These nodes allows the user to 
design their own applications by programming using the MATLAB or Python syntax directly 
from MICE.  

Repeaters 

 
 
The Repeater nodes serve as a proxy to simplify the building of advanced processes, and only 
repeat the input to the output. These nodes are also necessary when constructing Groups. A 
typical use case for a repeater is when an input image (which will differ when analyzing 
different patients) is connected to several nodes. Instead of connecting the input image to all 
the nodes that requires it as input, you can simply connect it to a repeater, and connect the 
repeater to the nodes which require the image input. You can also enable Sparse Connections 
in the Node Settings for the repeater, which will remove the wiring from the repeater (this can 
be quite helpful when creating advanced processes to make the workflow cleaner). 
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My Group library 

In MICE, the user can construct groups by combining several nodes. There must be repeaters 
that define the inputs and outputs of the group. By selecting all the nodes, including the 
repeaters, right clicking and selecting Create Group, the group will appear in the process 
window. If the user intends to use the created group often, the group can be added to the 
Group Library by right-clicking on the group and selecting Add to Library. This will make the 
group accessible from the My Group Library menu. Groups can be edited by double-clicking 
on the group or by right-clicking and selecting Edit Group. 

  

  
 

Notes 

Notes allow the user to graphically sort and/or clarify processes so that they are more easily 
overviewed. Notes are just colored rectangles that lay in the background in the process 
window, and can display text strings. 
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Alignment tools 

When creating more advanced processes, it is often easier to get an overview of the program 
if the workflow is neat and tidy. To aid with this, there are alignment tools available, which act 
on the selected nodes in the process window. The node that is selected first will act as the 
reference which the other selected nodes are aligned to. 

 Align left 

 Align vertical center 

 Align right 

 Align top 

 Align horizontal center 

 Align bottom 

 Stack vertically 

 Align inputs 

 Align outputs 
 

Miscellaneous tools 

 Undo (Ctrl+Z) Undo will clear all evaluated data 

 Redo (Ctrl+Y) Redo will clear all evaluated data 

 Clear data (Ctrl+K) Clear all evaluated data from the selected process 

 Process Screenshot Captures a screenshot of the selected process and adds it to the 
clipboard. 

 

The Menus 

Most of the items found in the top menu can be found elsewhere in the software 
environment in context menus, for example on right-click, and others are fairly standard, 
such as New, Open, Save and Save as. A brief description of the available items is listed 
below. 

Menu Icon/Name Description 
FILE  New Create a new process. 

  Open Open a saved process. 

  Save (Ctrl+S) Save process. 

  Save as… Save process as a user_specified_name.ice. 

  Exit Exit MICE. 
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VIEW  Database View the Database panel. 

  Node Settings View the Node Settings panel. 

  Image Outputs View the Image Outputs panel. 

  Console Output View the Console Output panel. The console will 
display output when executing some nodes. 

  Data Outputs View the Data Outputs panel. 

  Plot Outputs View the Plot Outputs panel. 

  DICOM Tags View the DICOM Tag viewer panel. Will automatically 
display if user right-clicks on an image in the database 
and selects View DICOM Tags. 

  Visualizer View the Visualizer. 

    

GROUP Create Group (Ctrl+G) Create a group from the selected nodes. 

 Edit Group Edit the selected group. 

 Add To Library Add selected group to My Group Library. 

 Refresh Library Refresh My Group Library. Changes to the library 
won’t be displayed until the library’s refreshed or 
MICE is restarted. 

 Open Group Folder Open the folder where the group files are stored. In 
this folder, the user can sort the groups into sub-
folders which will be displayed as sub-menus in the My 
Group Library menu. 

    

TOOLS Repeaters From this menu, the user can add repeaters to all 
outputs or all connected outputs of the selected node. 

 Value Displays From this menu, the user can add value displays to all 
values or all connected values of the selected node. 

 View DICOM Tags of File Allows the user view the DICOM tags of a file selected 
through a browser. 

    

IMPORT Image (.bmp, .jpg etc) Import an image file to the process. 

 Dicom File Import a DICOM file to the process. 

 Dicom Folder Import a DICOM folder to the process. All files in the 
folder must belong to the same series, and will be 
imported as a 3D/4D image. 

 MHD Import an MHD file to the process. 

 Nrrd File Import an Nrrd file to the process. 

 NIfTI File* Import a NIfTI file to the process. 

 OME-TIFF* Import an OME-TIFF to the process. 

 ORA* Import an ORA file to the process. 
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DATABASE Import Data In this menu, the user can either import DICOM from 
folder or from a database file and add it to the 
database. The user can also import series names from 
a database file. 

 Connections In this menu, the user can add an existing database file 
or establish a connection to a MIQA database, as well 
as remove the current connection. 

 Maintenance The option Vacuum and Reindex Database will erase 
unreferenced data from the database. Open Database 
Folder will open a browser window to the location 
where the current database is stored. 

 Create New Database Create a new local database. 

 Create Batch Create a new batch process. 

    

HELP  Examples Open some example processes. 

  About Information about MICE and included packages and 
software. 
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PROCESS WINDOW 

This is the where the analysis workflow is constructed. A workflow is a set of functions that 
operate on one or more images in a linear fashion. Each operation is represented by a node 
that takes one or more inputs, which can be images, numbers, masks, etc; and outputs the 
resulting images, numbers and/or masks. The result is stored inside the node itself, which 
makes it easy to check that each step in the workflow gives the expected results. 
 

 
The input connections are on the left side of the node, and are represented by circles or 
squares in different colors. The output connections are on the right side of the node. In the 
upper right corner is the node status light. 
	

Node layout 

The color of a connector represents the data type for that input or output, as described in the 
table in the TOOLBAR/Nodes section.  

The shape of an input connector tells you if the input is mandatory for the node to execute. 
Circles represent mandatory inputs, and squares represent optional inputs. A solid shape 
indicates that a single input is expected, while a contour indicates that the node can take 
multiple inputs to the same connector.   

 Mandatory single input 

 Mandatory multiple input 

 Optional single input 

 Optional multiple input 
 

In the node displayed above, there are two inputs:  a mandatory image series with different 
b-values, represented by a green circle; and an optional mask, represented by a light blue 
square. By supplying a mask, the calculations can be limited to a relevant region, which usually 
speeds up the execution time. There are two output images, an ADC map, and signal map 
representing a T2w image with no diffusion weighting.  

A red status light indicates that not all necessary inputs are supplied to the node for execution. 
The status light is white when the node executes, and is green when the node has executed 
successfully. A yellow light means that the node failed execution for some reason. Hoover the 
mouse pointer over the light to see the error message.  

  

ADC Map
B-Value Series
Mask

ADC
Signal

STATUS LIGTHS

OUTPUTS

TITLE

INPUTS
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Creating a workflow 

Inserting, connecting and disconnecting nodes 

To insert a node into the process, simply click on the desired node in the Node menus in the 
toolbar. To connect the output of one node to the input of another, first click and hold on the 
output of the first node and move the pointer to the input of the second node, and release 
the mouse button. To disconnect the nodes, repeat the same action. It is not possible to 
connect or disconnect a node by doing the action in reverse, i.e. dragging from input to 
output. 

Moving and copying nodes 

The nodes can be moved by drag-and-drop, and the connections will move as you move the 
node. Highlighting one or more nodes and pressing (Ctrl+C) will copy the selection, and 
(Ctrl+V) will paste the selection where the mouse pointer is located. A selection can also be 
copied by pressing (Ctrl) while dragging one of the selected nodes. All connections between 
nodes within a selection will also be copied. To copy the selection and keep the connections 
coming into (and if possible, going out of) the selection, press (Ctrl+Alt) while drag-and-
dropping. 

 

The two nodes in the middle are highlighted. 
Drag-and-dropping while pressing (Ctrl) will 
create the bottom nodes. Drag-and-
dropping while pressing (Ctrl+Alt) will create 
the upper nodes, where the input and output 
to the selection are also copied. 

 

Executing a process 

To run a process, make sure that the process window is active by clicking in it, then press 
(Space). To save memory, you can run the process while deleting all intermediate results by 
pressing (Ctrl+Space). 
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NODE SETTINGS PANEL 

This panel displays all settings for the 
selected node. By holding the mouse over 
the information icon next to the title, a tool-
tip appears which describes the node. The 
settings are divided by section titles. Each 
variable (highlighted in blue) is set by a drop-
down list, integer, float, string or boolean 
variable, highlighted in green. All settings 
also have mouse-over tool-tips. When 
clicking on a setting input that is not a drop-

down list, a plus (+) sign appears on the right (highlighted in pink). The plus sign indicates 
that the value can be set as an input to the node itself. If this is selected, the value turns red, 
indicating that the value cannot be set from the settings panel, and the node is updated with 
a new input connection. 
 

 
 
In the above example, Scale has been set as a node input, and the value is defined by a 
Constant number Value data type. This can be very useful when a setting should depend on 
some other constant. For example, the Gaussian blur can be set based on the variance of the 
image in question, or an image can be thresholded depending on the median value inside a 
mask, just to name a few examples.  
 
The last row, Last runtime, displays the last execution time of the node.  
 

NODE OUTPUT PANEL 

The node output window allows the user to quickly assess the content of a node. The state of 
each node is saved as the workflow is executed, so every step of the workflow can be 
examined to optimize settings, or find and correct errors.  

At the bottom of the panel are three tabs, Image Outputs, Plot Outputs and Data Outputs. A 
green circle indicates which of the tabs contain information in each node.  
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Image Outputs 

When a node is highlighted and executed, its outputs will 
be displayed in the Node Outputs panel. If a node has 
multiple image outputs (like the ADC Map node, which 
has ADC and Signal outputs), the displayed image 
output can be selected in a drop-down menu at the top 
(1). Next to the drop-down menu is an information icon 
(2), which will display a selection of DICOM tags for the 
image in question on mouse-over. 

Below the drop-down menu are the X, Y and Z voxel 
indices of the cursor within the image, as well as the 
frame number T (3). V is the voxel value at the cursor. The 
slider on the right of the image (4) steps over the Z or 
3:rd dimension of the image, and the slider at the bottom 
(5) changes the current frame, if the image set has 

multiple frames. The  M  button (6) changes the color 
map of the image, and the sliders below can be used to window the image. If specific min 
and max values are desired, clicking on the Lock button (8) enables manual input of the limits. 

The  VISUALIZE  button (9) sends the selected image to the Visualizer. 

 

Plot outputs 

The plot output displays a data type called curve 
collections. An example curve collection is shown to 
the left. 
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Data outputs 

Data outputs are shown as a table, where each column is a variable, and each row is a separate 
image or mask. 

 

 

BATCH PROCESS 

It is possible to automatically process large amounts of data by using batch processing in 
MICE. When batching, MICE will try to match data from the database to the selected process 
on a patient by patient basis and create a processing job for each match. 

The batch process will try to create a job for each examination date for each patient by 
matching the series name to the existing database import nodes. It is possible to include 
series from different examination dates for the patient in each job by using the “Date Offset” 
parameter but it’s not currently possible to include series from different patients in the same 
job automatically. 

 

Creating and evaluating batch job 

To create a batch job the process needs to contain certain components. It has to have at least 
one database import node, this is the normal node created when dragging a series from the 
database panel to the process. Apart from that it also needs at least one data export node, 
otherwise the batch process can’t produce any result. 

 

  



MICE Toolkit user manual   21 

There are settings for each database import node that will control the way data is matched to 
the process. 

 

Matching String – This text is used to match the name of the series for the node. 

Date Offset – This is a number that will be used to match series from different examination 
dates for the patient. 

Static During Batch – If this is selected the node will be ignored during batching and will 
always have the same value in all jobs.  

To create a batch for the 
process, click the CREATE 
BATCH button in the database 
panel. 
 

 

If the selected process meets all 
the requirements a batch panel 
will be created. 
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On the left-hand side of the 
batch panel a preview of all jobs 
and matching series names will 
be listed, if two or more series 
with the same name are found a 
red dot will mark that job and the 
correct series has to be chosen 
manually. 
 

 

To generate the selected jobs 
click the “Generate Jobs” 
button below the left hand 
panel. The jobs will be placed in 
a folder structure under the 
folder selected in the “Path” text 
field in the top left corner of the 
panel. If a name is set for the 
“Name” text field the folder will 
be named after that. 
 

 

When the jobs have been 
generated press the “START” 
button to start the batch 
processing. All jobs will be 
processed and the completion 
status of each job will be shown 
in the table. 
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It is possible to open a specific 
job in MICE or open the folder 
for it by right clicking a job in the 
table. The consolidated data 
folder is a folder that contains 
consolidated data outputs from 
all batch jobs. 
 
 
 

 

Date Offset Batching 

The date offset setting of the 
database import nodes is used 
to create batch jobs containing 
series from different examination 
dates. Each job is generated by 
matching data for one 
examination date, if the date 
offset parameter is either a 
positive or negative value the 
job generator will try to match 

that series from a later or earlier date. In the example above the date offset parameter is set 
to 2, this means that when a job is generated in the batch a series named “Series A” from the 
second upcoming examination date for the current patient will be matched to that node. 
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VISUALIZER 

 

The visualizer is built for displaying medical images in multiplanar reconstructions or in 3D, 
and can display images and in fusions of several images. There are 6 viewports available and 
up 10 image sets can be fused in each viewport. 

Image sets 

In the Image Sets panel, all images that have been 
exported to the Visualizer from the Process Window 
will be displayed. To export an image from the Process 
Window, simply right-click on any node with an 
appropriate output (Image or Mask) and select 
Visualize, or select a node with an appropriate output 
and click  VISUALIZE  in the Node Output panel. Once 
an image has been exported to the Visualizer, it will 
show up in the Image Sets panel, with a thumbnail 
displaying the center slice and a description displaying 
the node type that produced the output, the data type 
and the image name. The images will be sorted by 
image name. The last exported image will be 
automatically selected in the image sets panel. There 
is a status light that is green if the image is still 
available (successfully executed) in the workflow or red 

if the data is unavailable (the node that produced the output has been deleted or is not 
executed). The images in the Visualizer will be updated if the node is successfully re-executed. 
Images can be deleted from the Image Sets panel on right-click. 
 
To add an image set to a viewport, simply drag-and-drop the image from the Image Set panel 
to the desired viewport. To replace an image already displayed in a viewport, drag-and-drop 

IMAGE SETS
VIEWPORT ITEMS

VIEWPORT CONTROLS
IMAGE CONTROLS

VIEWPORT
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the new image to the top half of the viewport. To fuse an image to another image already 
displayed in a viewport, drag-and-drop the new image to the bottom half of the viewport. 
 
Viewport Items 

All images that have been dropped into a viewport will 
show up in the Viewport Items panel. The selected 
image in the Viewport Items panel can be controlled 
using the Image Controls. The first, or topmost, image 
in the Viewport Item list is the background image, and 
the opacity image control will not have any effect on 
it. There are some controls available for the images in 
the Viewport Items panel. 
 

 Toggle visibility 

 Move layer up 

 Move layer down 

 Delete layer 
 

 

Viewport controls 

The top leftmost control that looks like a grid is used 
to select which viewport is active and which viewports 
to display. By left-clicking, the user selects the active 
viewport. By right-clicking on the grid, the user can 
toggle that viewport on or off. The  SHADE  button 
activates shading on the selected image set in the 
Viewport Items, and the slider on the right sets the 
glossiness of the rendering.  CLIP  can be used to clip 

the volume by dragging the handles that appear in the viewport around the image, 
and  RESET  resets the clipping box to default. In the drop-down list below, the interpolation 
can be set for the image display. Default is linear. Below these controls are the animation 
controls. 
 

 Play Animation Play the animation. 

 Slicing animation 
This option will animate scrolling through the image stack 
slices instead of the time dimension. 

 All Layers Animate all layers. 

 Reverse Animation 
Direction 

Reverses the animation direction, i.e. from Ti – T0 instead of 
T0 - Ti 

 Ping Pong Reverse the animation direction when the animation reaches 
its end. 
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Image Controls 

These controls act on the selected image in the Viewport Items and lets the user change the 
appearance of the image. 

 

Window level 

The window width can be changed by click-and-
dragging the round handles in the controller. To 
change the window position, the user can click-and-
drag anywhere between the handles. In this 
controller, the window can only be set within the 
minimum and maximum values available in the 
image. Below the Window Level controller, the user 

can press the padlock icon to manually specify the upper and lower limit of the window. Using 
this method, any values can be entered (the lower window limit must be smaller than the 
maximum), i.e. the window limits can be set outside of the minimum and maximum values 
present in the image. 
 

Colormap 

The Colormap controller changes the color of the 
selected image. By pressing the  MAPS  button, a 
menu with selectable predefined colormaps pops up. 

Colormaps can also be manually defined by selecting a color stop on the axis and then clicking 
on the small color indicator circle  that appears to the left of the  MAPS  button. If the user 
wants to add more stops, select a color stop to the left of where the new color stop should 
be and press the  +  button. To remove a color stop, select it and press the  –  button. 

 

Volume Intensity Opacity 

In this controller you can set the opacity of a fused 
image that is selected in the Viewport Items list. The 
opacity is set as a function of intensity – by default it 
is set so that the darkest part of the image is 
completely transparent and the lightest part is 

completely opaque. The transfer function can be changed by clicking-and-dragging the round 
handles. To add more handles, click on an existing handle and press the  +  button – a new 
handle will be added to the left of the selected. To remove a handle, select it and press 
the  –  button. To the right in the controller, there is a main opacity slider which controls the 
overall transparency of the image. 
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The Viewport 

 

Multiplanar Reconstruction 

The contents of each viewport can be shown in 3 orthogonal directions and as a 3D volume. 

 
Sagittal Displays the viewport in the baseline image’s native sagittal 

projection. 

 
Coronal Displays the viewport in the baseline image’s native coronal 

projection. 

 
Axial Displays the viewport in the baseline image’s native axial 

projection. 

 
Reslice 
volume 

Resamples the viewport to sagittal, coronal and axial image 
planes in the patient coordinate system (only active if the 
baseline image is acquired oblique). 

 
3D Displays the image as a 3D volume. 

 

Intensity Projections 

3D volumes as well as resampled slices (using the Slicing Slider) can be displayed using 
different intensity projections. 

 
Composite (Mean)  

 
Additive  

 
Maximum Intensity  

 
Minimum Intensity  

 

MP RECONSTRUCTION
INTENSITY PROJECTION
TOOLS
SLICING SLIDER
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Tools 

 

 Clear Viewport Erase all items from the viewport. 

 Export Image/Animation Export the contents of the active viewport as an image 
(single slice) or an animation (see details in the Viewport 
Export section). 

 Viewport Settings Change the settings for the viewport (details in Viewport 
Settings section). 

 Lock Slicing All viewports with the Lock Slicing option enabled will 
scroll through slices in synchrony. NB! This function will just 
scroll the same number of slices in the viewports, it will not 
take differences in slice thickness or other physical 
properties into account! 

 Toggle Fullscreen This button will toggle the viewport between fullscreen and 
standard size. Double-clicking on a viewport has the same 
function.  

 

EXPORT IMAGE/ ANIMATION 

 
 
In the Export Images dialog, the user can save the contents of a viewport in its current state. 
If the image set is a 3D volume (i.e. no time dimension) and the Slicing Animation option is 
not selected, only the current slice will be exported. If the volume has a time dimension or 
the Slicing Animation option is selected, the image can be exported as several frames or as 
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an animated GIF. The user can select image file format, jpeg quality as well as animation 
settings. 
 

VIEWPORT SETTINGS 

In the Viewport Settings basic tab, the user can 
change the labels and background color. The labels 
can display patient information, patient orientation, 
as well as voxel value, index and physical position at 
the position of the mouse pointer. The settings can 
be applied to all viewports using the Set For All 
Viewports button. 

 

In the Viewports Settings Advanced tab, the user can 
set 3D rendering options. Increasing the anti-aliasing 
frames means that the renderer will render the image 
volume multiple times to smooth the surface. The 
depth of field option will create a focal plane and blur 
the image outside of the focal plane. OSPRay is a ray 
tracing renderer that can render the volume with high 
quality.  

 

Slicing Slider 

The slicing slider can be used to either scroll through the image volume slices by click-and-
drag on the right-hand side of the slider control, or to change the slice thickness by click-and-
drag on the left-hand side of the slider control. This will increase the size of the slicing slider, 
indicating the thickness of the new slices. The projection type used to display the new slices 
is set in the Intensity Projection section of the viewport toolbar. 
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THE ELASTIX NODE 

Elastix is an open source registration software, based on ITK. It has a modular approach to 
registration; optimizers, metrics and interpolators can be changed quickly to configure, test 
and compare different registration methods for a specific application. The specific settings 
are set in a parameter text file that is supplied to Elastix, together with the fixed and moving 
images. MICE toolkit has a parameter file editor which lets the user make all changes within 
the program, and the registration process is seamlessly integrated in the work flow.   

The following sections will describe the fundamentals of registration theory, for a deeper 
understanding of how registration works. For a description of how to use Elastix in MICE, see 
Elastix in MICE. For even more information, visit the elastix website http://elastix.isi.uu.nl/ – 
they have an excellent manual as well as a wiki on the functions available in elastix. 

Registration basics 

An image registration is an optimization problem, where we want to find the transform that 
maximizes the overlap of two or more images. The reference image is referred to as the fixed 
image, and the image we want to move is referred to as the moving image.  

There are two features of the registration process that should be clarified. 

1. The transform considers the coordinate system of the images, not the image grid.  
2. The images are compared by sampling a set of voxel coordinates in the fixed image 

and transforming the coordinates to the moving image. The registration process tries 
to find the transform that maximizes the information overlap between the voxel pairs. 
The transform is in the direction from the fixed to the moving image.  

 

Schroeder, W. The ITK Software Guide Second Edition Updated for ITK version 2.4. (2005) 
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Metrics  

The way to measure the overlap between two images is called a metric. The choice of metric 
can greatly affect the registration results. The most commonly used metric is some version of 
the mutual information metric. Mutual information uses information theory to compare the 
amount of information overlap in the images. The advantage of this set of metrics is that it is 
possible to compare images from different modalities or contrasts, e.g. a T1 and T2 weighted 
image from an MRI exam, or a PET and a CT image. One instance where Mutual information 
metrics are not optimal is when registering masks. Binary images are better registered using 
a Kappa statistic metric or a Mean squares difference metric. For more information on metrics, 
how they work and which to use, see the Elastix manual, which has a very detailed and in-
depth description.  

Transforms  

We can decide the manner in which we want the moving image to be transformed. The figure 
below shows the effect of different transforms, and is found in the Elastix manual. The simplest 
transform is a translation transform (c), where we only allow the moving image to be moved 
and not rotated. If we also allow rotations, we have a rigid transform (d). Further, we can allow 
the moving image to be sheared and scaled, in which case we have an affine transform (e). 
Finally, we can allow nonlinear or nonrigid transforms (f).  All linear transforms (c – e) can be 
described by a 4x4 transformation matrix. 

 

Klein, S. & Staring, M. Elastix: the Manual. (2015). 
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When setting up a registration, select the simplest transform that will achieve the desired 
results. For example, when registering two images of the brain in a longitudinal study, a rigid 
transform will usually suffice, whereas a registration between two abdominal images will likely 
need a non-rigid transform.  

A nonrigid registration should be done in multiple steps to ensure a robust workflow. As a 
first step, use a rigid or affine registration, and only when the images are approximately 
registered should the nonrigid transform be used.  

 

Multiresolution registrations 

One powerful and simple method to avoid local minima and ensure a robust registration is to 
resample or blur the images in several steps.  

 

Klein, S. & Staring, M. Elastix: the Manual. (2015). 

This lets the optimizer roughly match the images without focusing on the details. By 
successively increasing the resolution in several steps, and reducing the maximum step length 
for each resolution the registration can fine tune the results. This method is implemented by 
default in Elastix. 

Three schemes, or pyramids, are implemented in Elastix: Resampling 
(FixedShrinkingImagePyramid and MovingShrinkingImagePyramid in the Elastix parameter 
file), blurring (FixedSmoothingImagePyramid and MovingSmoothingImagePyramid in the 
Elastix parameter file), and both (FixedRecursiveImagePyramid and MovingRecursiveImage-
Pyramid in the Elastix parameter file). The resolution and/or blurring levels can be set 
differently for each dimension of the fixed and moving images, which can be useful when 
registering images with different resolutions, or images with very anisotropic voxels. Several 
other settings in the parameter file can also be set per resolution level, like the maximum step 
length and the number of iterations. For further information, see the Elastix Manual.  
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Schroeder, W. The ITK Software Guide Second Edition Updated for ITK version 2.4. (2005) 

 

Elastix in MICE 

Setting up a registration process is easy, just add the Elastix node to the workflow. By default, 
it will have two mandatory inputs; a fixed image and a moving image, and one output; the 
registered moving image. The inputs and outputs can be changed in the Elastix node settings. 

 

Outputs 

The Elastix node can output the resulting transform, which can be used to transform another 
image using a Transformix node, or as an input to a new Elastix registration node.  

When using a linear transform, the elements of the transformation matrix can be output as a 
table. Elements (1,1) – (3,3) constitutes a 3x3 transformation matrix, and elements (1,4) – (3,4) 
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represent the translations. The rotations are also output as Euler angles. If a time series is 
registered, these numbers will be output for each frame, which allows analysis of the 
movements over time.  

Inputs 

Multiple moving images can be registered to the same fixed image. Changing the number of 
moving images will update the node with the new number of moving image input nodes and 
resulting registrations.  

It is possible to use the result of one registration as starting point for a new registration. This 
is useful if a registration is divided in several steps, e.g. when performing a nonrigid 
registration in multiple steps. To do this, check the radio button after Use initial transform. 

Masks can be used to guide the registration. This is a very easy and powerful way to improve 
a registration that does not perform adequately on the first try. Use a fixed mask to define a 
region that will be compared between the two images. The moving mask should only be used 
to remove artefacts or features in the moving image that should not guide the registration, 
such as a tabletop.  

Multiple fixed images can be used to guide the registration. In this scenario, several pairs of 
fixed and moving images are compared simultaneously, and the result is the transform that 
optimally matches all of them. 

It is also possible to use multiple metrics to register two images, or to register multiple image 
pairs simultaneously using different metrics for the different image pairs. For further 
information regarding these features, please see the Elastix manual, which can be 
downloaded at http://elastix.isi.uu.nl/  

The parameter file can be edited by clicking the  EDIT  button when the Elastix node is 
selected, or by double clicking on the node itself. 

Setting up a registration in MICE 

To register two images in MICE Toolkit, simply connect the reference image to the Fixed 
input, and the moving image to the Moving 1 input, and press space to execute the work 
flow. The result can be evaluated either using the Image Outputs, or the Visualizer.  

The parameter file can be edited to change the settings, prior to running the registration. 
Comments can be added by using // - text following this will be ignored by Elastix. There are 
a few presets to choose from, which are found in the Presets menu in the Elastix parameter 
editor. The available default templates can also be used as a starting point for further 
tweaking.  

Rigid 

A parameter file for a rigid registration.  

Rigid Time-series 
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This parameter is similar to the Rigid parameter file, but AutomaticTransformInitialization is 
disabled by default, and the step size is reduced.  

Affine 

A parameter file for an affine registration, that will work in many situations.  

Non-rigid 

This template can be used as a starting point for a non-rigid registration. N.B. The images 

should have been registered using an affine or a rigid registration prior to applying this 
registration. 

These presets are only used as suggestions, and can be edited and changed to fit any 
registration application. N.B.! Any changes to the parameter file will be saved in the node 

itself, and will not affect the settings of other Elastix nodes. To copy a parameter file to another 
node, simply copy all text in the first Parameter file editor and paste it into the new node. 
Parameter files can also be loaded from the File menu in the editor. This can be useful when 
downloading or sharing parameter files with researchers not using MICE. For detailed 
information regarding the parameter file settings, please see the Elastix manual, which can 
be found at http://elastix.isi.uu.nl/.  

If the registration fails… 

If the images fail to register, there are a few tools and settings one can change to achieve a 
better result.  

1. Use a mask for the fixed image to guide the registration. Only parts of the image that 
are in common in both images should be visible, or parts that are of interest for the 
registration. An example is shown below, where two pelvic images are registered. This 
fails using the default settings due to the different body contours, but by focusing the 
registration on the spine and pelvis improves the result dramatically.  

 

2. By default, the images are centered before the registration starts. Sometimes, this 
initial starting point is a disadvantage, if the moving image has a small field of view 
and shows a part of the fixed image that is off-center. This centering can be disabled 
in the parameter file. Set AutomaticTransformInitialization to false.  

3. Sometimes the registration fails with an error “Too many samples map outside the 
image buffer”. As described earlier, Elastix randomly selects a number of voxels in the 
fixed image, and uses the transform to map these voxel coordinates to the moving 
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image, and the corresponding moving and fixed voxels are compared. If Elastix fails 
to find corresponding voxels, this error is thrown. There can be several solutions to 
this problem: 

a. The fraction of voxels that are allowed to “miss” the moving image can be 
changed. RequiredRatioOfValidSamples is set to 0.25 by default, but can be 
lowered to e.g. 0.01.  

b. The AutomaticTransformInitialization can be disabled, and the images do not 
overlap. In this case, enable AutomaticTransformInitialization. 

c. If the fixed image has a much larger field of view, using a fixed mask to reduce 
the region in which Elastix selects the samples can mitigate the problem.  
 

d. Increase the number of iterations that Elastix uses to find the optimum overlap. 

 

Transformix 

The Transformix node is used to apply a registration transform to another image. This can be 
useful if there are many moving images that are already co-registered. Only registration 
between the fixed and one moving image is necessary, the result can later be applied to all 
other moving images with the Transformix node. 

 


