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PMOD Image Matching and Fusion Tool
Introduction

The PMOD image registration and fusion tool (PFUS) supports a large range of tasks related
to image matching and fusion such as

the manual realignment of volumetric image sets,

automatic image registration using different methodologies,

SPM-type spatial normalization (e.g. to stereotactic template images),

motion correction of dynamic series,

a multitude of fused renderings of registered images,

saving of fused representations in JPEG/TIFF or as DICOM secondary capture images,
pixel-wise image algebra on registered images,

scatter plots of VOI pixel values in 2 (2D plot) or 3 (3D plot, optional) matched studies,

0 0O 0O 0 0 0 0 0 o

volume -of-interest definition directly in the fused image display.

Overview of the PFUS Operation Principle

The PFUS tool regards one study as theReferenceAll other studies are adjusted i n pixel size
and slice thickness to the reference study. This is done by interpolating their image
information within oblique planes across the image volume, a process called reslicing Hence
the images to be adjusted are called theReslicestudies in this text. As a result of reslicing, the
Referencand the Reslicestudies have identical resolution, and fusion images can be easily
generated by combining the pixel values in the different series. For instance, the color values
can be added(blending mode)or only one of the image values can be shown depending on a
threshold value (overlay mode)

If the anatomic structures in the Referencand the Reslicestudies are already in spatial
agreement, only a mere resolution adjustment of the Reslicestudy is required, for example to
interpolate a 128x128 PETto the 512x512 matrix of the CT (Reference) in a combined PET/CT
study. In other situations, however, an adjustment of the geometry is also required to bring
the anatomy in both studies into agreement. For example, in most cases it is required to
rotate and shift the images of a brain PET study to match them with the images of a MRI
study, and interpolate them to the 256 x256 MRI matrix.

After the reslicing/matching step, all image sets have the same resoluion. As a consequence,
all of them can be used for fusion purposes, pixel-wise arithmetics as with a "hand -held
calculator", and also for the evaluation of VOI pixel values with scatter plots.

Data Size Considerations

As the Referencdetermines the final image resolution, it is recommended to use the higher
resolved image as theReferencéor avoiding losses in image quality. The user, however,
should be aware that the size of the Reslicestudy may increase dramatically. For instance, if a
dynamic PET study is matched to a 256x256 MRI with thin slices, the size of the resliced PET



Spatial Transformations in PMOD 4

data can easily grow by a factor of 10. Such big data sets can become a problem for the
available RAM, and for subsequent processing steps.

Starting the Fusion Tool

The image fusion tool PFUS is started with the Fusion button from the PMOD ToolBox

or by directly dragging image files from the desktop onto the above button. PFUS organizes
the available tasks on different pages which are explained below.

[ DBLoad | InitializeMatch | AdjustiCompare | FusionVOIs | Triple Fusion |

Basically, one page is for database loading only, two pages are for matching purposes, while
the last two provide advanced fusion displays.

Taskbar

The taskbar on the right side of the application window provides a quick shortcut for several
frequent tasks. Please note the tooltips which provide short explanation of the button
functionality.

Further Information

Please note that the following description is intended as a reference and rot as a tutorial. For
practical examples how to work with the PFUS software please refer to the PMOD
Workbook , which is also distributed as part of the PMOD documentation.

Spatial Transformations in PMOD

Spatial Tran sformations
PMOD supports two types of spatial transformations:

1) Rigid transformations R rotate and translate the contents of an image volume, for
instance to calculate slices at oblique orientations. Rigid transformations are defined by 6
parameters, the rotation angles and translation distances in the three spatial directions.

2) Elastic transformations E allow adjusting the shape of the objects in an image volume to
objects with a different shape in another image volume (the template). They have an
affinepart and an elasticpart. The affine part has 12 parameters to account for an overall
rotation, translation, scaling and shearing in the three spatial directions. The elastic part
consists of a deformation field which performs the local adjustments.

Combination of Transformations

The PFUS tool supports the analytical combination of spatial transformations, avoiding
hereby multiple interpolations. For example, when image A is matched to image B by the
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rigid transformation R1, and B is matched to image C by the rigid transformation R2, A is
inherently matched to C by the combination R1*R2 of the transforms.

In PMOD, an arbitrary number of rigid transformations can be combined, but only one elastic
transformation at the end of the chain. So for example:

8 A CT image from a PET-CT study is matched to MR by R1.

8 An MR image is elastically matched to the MNI template by E1.

8 Then the CT image is matched to the MNI template by the combined transform R1*E1.

8

If (and only if) the PET image has the origin at the same amatomical position as the CT,
PET can also be matched to the MNI template by R1*E1.

Inverse Transformations

All the automatic methods provide the facility to not only return the matching
transformation, but also the inverse transformation which can be app lied if the role of the
Referencand the Input is reversed. Additionally, PFUS can always calculate the inverse of
the current transformation, even if it was created by combining transformations.

Transformation of VOIs

The spatial transformations can not only be applied to reslice images to reference images,
but also to project VOIs from the reference space to the target image space. An application of
particular interest is the use of standard VOIs which are defined in the MNI space for the
analysis of patient images. This can be achieved with the following steps:

1) The patient images are normalized to a MNI template with Calculate Inverse
Transformation checked.

2) The inverse normalization transform is saved.
3) The patient images are loaded in the VOI tool.

4) The MNI VOlIs are loaded and the inverse normalization transform applied.

As a result the standard VOlIs, adjusted for the particular patient anatomy, are available in
the VOI tool as outline contours. The user can adjust them if needed, then save them and
calculate image statistics on the unchanged patient data.

DB Load Page
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The DB Load page appears only if the use of the database within PMOD has been enabled
by checking the box Use database (General Activation) in the global Config pane. The
summary below explains the database loading interface. Note that when loading multiple
series at once, thdfirst series in the Selected for loading list becomes the Referenceyhile all
subsequent series become theReslicestudies.

Selected for loading [4] rCDmponentsAdministration [1] |

Fatient Mame Study date Time [ Study description ] [ Series description |
PFUS1 2002.02.28 14:39:10 vmrRl] Reference
PFUS1 2003.04.11 14:45:32 FCH
PFUS1 2006.04.10 17:33:21.... fET for Reslice |
PFUS1 2006.04.10 17:42:26.... FDG

Summary of Image Loading from the Database

When loading images from the database the interface shown below allows searching for
studies according to different criteria such as patient demographics, study date, modality, a
project name or diagnosis. There is a basic filtering mode as illustrated bellow, and an
advanced filtering mode illustrated later.

[(oBTGad | View | vois | Compare | Fusion | Database selection
P Pmod - b | []Search Al * ResetQuery # Refreshousy @ &
- i > z : - -
Patient Name PK’ Birth Date =
Patient ID [* Wodified : = -
Patients [5] @ Series Image Preview |
Patient name Patient ID |v Modify date Sex Date of Birth
PKIN1 Dyn. CPFPX bolus & MRI 2011-10-16 13:00:24 51 M 1981.01.01
PKINZ Dyn. DASB without blood & MRI 2011-09-13 09:44:09.891 M
PKIN3 Dyn. FDG scan with whole blood data 2010-08-27 15:20:40.196 M
PKING Tracer with Metabolites, KM File only  2010-08-17 10:05:51.972
PKIN4 Dyn H20 brain scan, Baseline 2010-08-17 10:00:24 704
G Set as "Selected for Loading" ‘ 1= Edit Patient 0 Delete Patient(s) % Create new Patient | Set Project
seesi) @ | Image series of selected patient
Patient Name | Study date |Time | Study description | Series description "+ Modified LastUse Mod nz nv | nd nx
PKINZ 2006.03.21 15:15:09  DASB SERT MR Anatomy 2011-09-1309... 2011-09-13 09.. MR 124 1 1 137
PKIMNZ 2006.03.21 15:15:07  DASB SERT Dynamic DASB PET 2010-09-03 16... 2011-10-18 12.. PT 32 33 1 59
PKIMNZ 2006.03.21 15:15:09  DASB SERT MR Anatomy 2010-08-16 10... 2011-10-06 08.. MR 124 1 1 137
0l I \ DI @ cray o @
4 Add H B Add Al | 1o Edit Series € Delete Serie(s)  SetProject ~ [ offjr . O T B 4 B || g € 56.35765
Selected for loading [1] r Components Administration [1] | 0 [%] ﬂb 79 [%]
Patient Name |Sludydale Time | Study description Series description Modified LastUse Mod nz nv |nd |nx A @ Siice O Al
PKINZ 2006.03.21 151508  DASB SERT MR Anatomy 2011-09-13 09... 2011-08-12 09... R 124 1 1 137 | 24 STee O Fews O ATIED
s DICOM QR
Series in the loading list Bealiy Import || @ AUTODETECT
qf i ] D
[[] ACQ mode (Split by CT)
| = Open H E~€ with Operations | R E Export a Remove X Removeal | B = (=]
Remove after loading 3 Append

The layout can be organized vertically (as illustrated above), or horizontal ly with the Series
tab stacked behind the Patients tab. This may be an advantage if patients tend to have many
image series. The layout is switched by the option button

® B verical
o [l Horizontal

T [ Fiatseries

The Flat series is another arrangement which lists all image series in a single list.
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Loading Overview

The uppermost section represents the filtering options. The use of filtering is recommended
in large databases, because it substantially reduces the response time. Below the filters, the
list of Patients is shown which match the current selection criteria. When one of these
patients is selected, his image series available in the database are updated in th&eries list
section.

One or several image series can be selected and brought into theSelected for loading area
by the Add button or by a double -click at the series entry. On the right side there is a
preview window to verify the image contents before actually loading the whole data set. If
the Series Image preview box is checked, an imageis displayed as soon as a series is
selected.

Finally, by activating the Open button, all series in the Selected for loading area are loaded
into the PMOD tool. Append pushpin button is important for the outcome of the loading
operation: with the appendi ng setting # the images are added, while with the overwriting
setting # any already loaded images will be discarded.

Note that multi -series selection depends onthe context. If only a single series is expected by
the program, double -clicking at the series will immediately start image loading.

User Interface Elements for Filtering

First of all the database to be searched must be selected with the selection in ppermost
section, Pmod in the example above. The basic filtering options include the following
elements.

Name Patient name, starting with the last name. The wildcard * can be used as a
replacement for arbitrary sub -strings.

Patient ID The patient ID filte r, also supporting wildcards.

Birth Date The filters for the birth date include an exact date, or a date range available

from the selection list.
¥ [Z] All Dates

[} From ...

(] = Between =

[} . Till

D [@] One Day

[0 [ Last Week

] Last Day

] Today

These specifications apply for all other filter dates.

M odified A date/time is maintained in the database recording when the data of the
patients was modified the last time by adding an image series or by changing
the patient information. For example, setting the field to Last Week only shows
patients modified in the last seven days.

SQ Means Save Querylf this button is enabled, the same filter settings will be
applied when the database window is opened again.



DB Load Page 8

® Resetquery This button resets the filter settings by removin g all specifications.

# Refresh query The refresh button to apply the query to the database potentially updated in the
meantime, or after changing the filter and disabled automatic refreshing.

2@ Toggle button to enable/disable automatic refreshing after changing a filter
element

There is an extended filtering capability available on the second sub-tab which is illustrated

below.
Patient (Name , 1D} PK* . Birth Date = - nz[lzl All "
Description (Study, Series) - L Modified . B = nvEE| AP -
|O||Lcdll||17$] “ a H T ||JJ<H ALL‘ ALL DATATYPES - Last Use ) . 0O - Cliocked |Dan -
¥ ALL DATATYPES
[0 [ pstarter (CONFIGURATION SETTINGS)]
[J [ pxmod (CONFIGURATION SETTINGS) |
[J [ pvoi [deprecated] (CONFIGURATIOM SETTINGS) ]
[0 [ pfus (CONFIGURATION SETTINGS)]
It contains several new elements:
Study Filtering of text appearing in the study description. The * wildcard is
Description  supported.
Series Filtering of text appearing in the series d escription. The * wildcard is

Description  supported.

ALL DATA This selection lists all available data types in PMOD such as images, VOIs, etc.
TYPES Setting this field to VOI Templatesor example will only list patients who have
a VOI definition attached to one of t he image series.

0|58 a7 | | These shortcut buttons allow filtering for frequently used
data types such as VOlIs, statistics, kinetic modeling files, comment texts,
paired series. ALL resets all filter setting.

Last Use A date/time is maintained in the database when data of the patients was
accessed the last time. This information is listed for each database object.
Selecting a date range allows browsing the database content based on #east
recently usedriterion.

nz Filter to search for studies with a certain number of slices, including the
criteria

*
=,
=,

For instance, planar only studies could be looked for by setting nz = 1.

nv Filter to search for studies with a certain number of dynamic frames. For
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Locked

Modality

Prj

Dgn

&l or [

instance nv > 1 will only list dynamic series.
If the box is checked, only patients who have a Lockedlag are listed.

A selection to restrict the search to a specific modality, e.g. toPT (PET) as in
the example. Multiple modalities can be searched for at once.

Patients can be assigned to @&roject. The selection allows choosing from the
list of available project names.

Similarly, patients can be given a Diagnosis . The selection allows choosng
from the list of available diagnosis names.

Every time data is saved in the database, the PMOD name of the user who
saved is recorded together with the data. This button allows restricting the
search to the PMOD user currently logged in (button out), or to show data of
all users (button in).

The green button @ allows hiding the filter section. Upon activ ation the filter area collapses
and the button appearance changes@®. This new button allows showing the hidden filtering

settings.

Patient Operations

When a patient has been selected from the list, a row of huttons becomes active.

Set as

"Selected for

loading”

Edit
Patient

Set Project
| Locked

Moves all series of the patient to the Selected for loading area.

Opens a dialog window for editing the patient demographic data.

PATIENT INFORMATION

Patients Name (L*F)[PKIN g |
Patient ID [Dyn. CPFPX bolus & MR |

Birth date 1931 U] wwmm.da Sex

size [m] [1.79 | weignt kgl [75.0

IMPORT PATIENT INFO FROM ’m‘?

[0 MATLAB
The IM PORT PATIENT INFO FROM button allows importing this
information from a file in the Interfile format, from an existing DATABASE
patient, or from a MATLAB file. Note that the information in the DICOM
object is not modified, just the database entries. However, when loading the
images, the information in the database overrides the DICOM information,
and when the data is saved or exported, it will contain the changed
information in the file.

Allows defining three attributes for a patient:

Project [SPECT CT|| = |
Diagnaosis | -

Locked o
A Project name can be entered, or if it already exists, selected from a list.
Similarly, a Diagnosis can be specified, and the patient can belL.ocked to
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Delete
Patient(s)

Create new
Patient

Merge

prevent erroneous deleting.

Delete the patients selected in the list.

Create a new patient in the database, to whom information can be attached if
there is no image series in the database.

Sometimes several entries are created for a single patient because of a
mismatch in the name/ID information. To merge such entries, select all of
them in the Patients list (with CTRL+Click ) and activate the Merge button.
As a result all series end up under a single patient entry.

The ®/ @ buttons allow hiding/showing the patient list controls.

Series Operations

When a series of the current patient is selected, the row of buttons below the list becomes

active.
Add
Add All

Edit Series

Set Project
| Locked

Pair Images

Pair VOls
Delete
Serie(s)
DICOM

8]

Moves the seleded series of the patient to the Selected for loading area.
Moves all series of the patient to the Selected for loading area.

Opens a dialog window for editing the series information

REFERRING INFORMATION

Referring physician |Dr. Bauer |

Institution ‘Juhch |

[ STUDY / SERIES INFORMATION |

Study date 2005 [ |1 | twy.mm.de) OJ Current Date
studytime [13 |5 |{20 | fo

Study ID [CPFPX Bolus

|

Accession Number (RIS)‘ |
Study description [CPFPX Bolus |
|

|

Series number |

Series description ‘MR Anatomy

Anatomic region ‘Eram |v H

Brings up the same dialog window as on the patient level to define project,
diagnosis and locking on the series level.

This option in the selection list serves for associating two (or more) series. This
association is used in processing tools which require the information of two
image series.

This option in
the selection list allows associating a VOI file to image series.

Delete the series selected in the list.

Inspect the attributes of the selected series in a DICOM browser.

Search JPEG or TIFF captures stored in the datalkse. They can be opened in a
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viewer.

Comment editor. Allows creating a comment for the selected image series.
Existing comments can be edited or read.

Seach for a study which is associated to the selected series.

Buttons allowing to step from patient to patient

The @/ @ buttons allow hiding/showing the series list controls.

Selected for Loading Area

In most situations more than one series (from the same or different patients) can be added to
the loading area, but there are exceptions when only a single series $ allowed. The orderin
the list is relevant for the loading order. This is most important for the fusion tool because

the first series will serve as the reference. To change the sorting order just click one of the
column headers.

As soon as there are sems in this area, the row of buttons below the list becomes active.

Open

with
Operations

Replicate

Export

Starts loading the image series directly. The images are loaded without
intervening dialog, and without any operations. Otherwise the dialog for
specifying pre -processing options is shown. If the Append flag is on (#), the
selected series will be loaded asadditionalimages to the tool, otherwise the tool
will be cleared before loading.

Starts loading the image series The dialog for specifying pre -processing options
is shown. If the Append flag is on (), the selected series will be loaded as
additionalimages to the tool, otherwise the tool will be cleared before loading.

This button serves for loading the selected data with a macro.

Copy the selected series including components to another database which can be
selected in the appearing dialog window.

Export the series in the list from the database to a directory located on the fyle
system or directly to an FTP node. The export dialog window

= Series
o= b PKIN1(S1)
o b PKINT(S2)

SOP class for exported abjects [ORIGINAL STORAGE ||

Anonymization
[]Replace by new data:  Patient's Name (L'F) B Patient 1D
Motes

& 1. If original storage is selected expoited files are not updated with an information modified in the database
2. Ifupdated storage, object conversion or anonymization option is selected exported files are created anew and contain information modified in database
Some information thatis optional according to the DICOM standard may be omilted in the process
3. Update, conversion and anonymization operations will fail for objecttypes not present on the SOP class selector.
4. Anonymization operation may fail for some compressed data.

Replace special characters in component file name by ™_".

Cancel

optionally allows anonymizing the images, generating a DICOMDIR file and
compressing the whole data into a ZIP archive. The action can be aborted with
the Cancel button.

Create DICOMDIR +ZIP zip_arch-2011.10.21-164027 | @ Export toFile system H @ Send to FTP node
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C-Store

Remove

Remove
All

This button allows sending the selected series directly to a DICOM server
without first loading them into an image area. This has the advant age that no
modifications are done to the original DICOM objedttscontrast, when loading the
images and sending them to a DICOM server, some changes are applied to the
DICOM attributes.

Removes the selected series from the selected for loading eea, but does not
delete from the database.

Clears the Selected for loading area.

This button allows setting defaults column order and width.

This button allows sorting the images Selected for loading by the selected
column.

This buttons allow changing the images order in the list.

DICOM Query/Retrieve

QR

This button underneath the image dis play area starts the dialog window for the
DICOM Query/Retrieve functionality. If the box left to Q/R is checked the
demographic patient information is copied to the Q/R dialog window.

Loading Images from the File System

AUTODETEC This button allows load ing image data from outside the database. Basically,

T

DICOM

Import

it is an Autodetect loading, so the user can just browse to any directory and
select any type of image file. PMOD will detect its file format and perform
the image loading operation, if possible.

This button serves loading DICOM part 10 images. The difference with the
Autodetect loading is that the user has to select a directory, not a file.

This buttons allows direct importing of Dicom files to the current database.
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Initialize/Match Page

The Initialize/Match page serves for image loading in different formats, initial reslicing as a
preparation step for manual matching, automatic matching, for motion correction of
dynamic studies, and for saving the matched im ages. The page layout is illustrated below,
and the functionality described in the following sections

Note the action buttons in the lower right workspace corner which allow moving to the next
step in the matching process.

If this button is activated the program automatically switches to the
Adjust/Compare page which is displayed in Algebra mode.

If this but ton is activated the program automatically switches to the
Adjust/Compare page which is display in the Fusion mode.



