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Introduction to this Supplement
The DRRO profile defines the content necessary for exchanging DICOM Deformable Spatial Registration (DSR) objects between radiation oncology systems.  In addition to defining the data required to accomplish deformable image registration, it provides requirements on data elements so that DSR objects can be appropriately handled by radiation oncology systems that test to this profile.
[bookmark: _Toc37848561]Open Issues and Questions
	[bookmark: _Toc473170357][bookmark: _Toc504625754]#
	Intr. in
	Description

	1
	
	Is there a usage for (0064,0010) Post Deformation Matrix?

	2
	
	Use case “Dose compositor” partially overlaps with DCOM. The use case involves a Dose Actor and a Dose Compositor Actor. The latter is the same as in DCOM. Do we include this use case (as well the Dose Compositor Actor) in DRRO and how do we differentiate?
Include, but make sure that it is reflected in the resulting RT Dose.
2019-03-19: There appear to be some limitations in the current DICOM standard preventing storage with relevant references for the Deformable Dose Compositor.

	3
	
	Should Use cases “Deformable registration creation” and “Deformable registration editing” be separate use cases or do we merge and use “optional” for consumption of Deformable Spatial Registration Object?
2018-02-04: Not clear if Use case “Deformable registration editing” corresponds to any current clinical product. The use case is retained as a placeholder.

	4
	
	Contourer Actor is described as propagation of structures but for the use cases also used to describe the action of contouring in fusion view. Should we introduce one more actor (Fusion view contourer actor?)?

	5
	
	Do we introduce prerequisites on the RT Dose objects considered (axial?)?

	6
	
	2019-03-18: Handling of Fiducial (0070,0314 “Used Fiducial Sequence”) was discussed. This is an Open Issue – could be handled as a Profile Option. The idea would be to use the reference structures (regions and/or points of interest) which have been used to guide the deformable registration algorithm.

	7
	
	2019-09-09: Deformable dose compositor actor and deformable compositing planning are moved to later versions of the profile.

	8
	
	2020-10-07: Patient Position in the case of PET should be discussed.  Expression of patient position in PET is different than the historical way of expressing it in MR and CT.  Check this profile and dependent profiles on patient position restrictions	Comment by Stefan Páll Boman: Is this confusing Patient Position and Image Position (Patient)?

	9
	
	2020-10-09: Are differences in orientation to gravity properly handled in DSRO and deformed images?

	10
	
	2020-10-09: 
· Use cases not described above but which have been discussed:
· Use case: Deformable Registration Comparison  
A device can display the differences between deformable registrations.  The difference here between straight dose comparison is that it can accept the deformable registration and the data that composes it. The actors for this use case may not be different from actors suggested by other use cases (deformable dose compositing, displaying) except that it may have a comparison component and the ability to display deltas with side by side dose displays.
· Surgery Use Case: Resection Cavity Correction (Intra-Op Update)
· Any interest / relevance to add use case for diagnostic PET/CT planning CT contouring in fusion / contour propagation [deformable registration between diagnostic CT and planning CT, while diagnostic PET and planning CT used for fusion / propagation]?
· Resampling (images, structures, and dose) is outside the scope of the DRRO profile. This should be pointed out clearly in the description.



[bookmark: _Toc37848562]Closed Issues
 <List the closed issues/questions with their resolutions. These are particularly useful for recording the rationale for closed issues to forestall unnecessary rehashing in the future and/or to make it easier to identify when a closed issue should be re-opened due to new information.>

<Note: The sections following this Introduction will eventually be added as Final Text to Volumes 1 – 4 of the Technical Framework. The material above this note (the Introduction, and Open and Closed Issues section) will be deleted when this Supplement is moved to Final Text.>
General Introduction
Appendix A - Actor Summary Definitions	Comment by Stefan Páll Boman: Bring back this for Content Profile.

	Actor
	Definition

	Registrator
	Deformable Registration object producer

	Deformable Displayer
	Consumer will accept a deformable registration object, and can apply it to displace the images

	Deformable Contourer
	Actor uses a deformable registration object for propagation of structures (regions and points of interest)

	Dose Deformer
	Actor uses a deformable registration object for mapping dose

	Image Deformer
	Actor uses a deformable registration object for mapping image

	Deformable Dose Compositor	Comment by Stina Svensson: Move to open issues
	Actor composite doses of which at least one has been deformed

	Deformable Compositing Planner	Comment by Stina Svensson: Move to open issues
	Actor uses a deformed dose as prior for a new plan


Appendix B - Transaction Summary Definitions

	Transaction
	Definition

	Deformable Registration Object Storage
	

	Deformable Registration Object Retrieval
	

	
	

	
	


Glossary
Add the following glossary terms to the IHE Technical Frameworks General Introduction Glossary:
<Any glossary additions associated with the profile draft go here.>

	Glossary Term
	Definition

	Registered image
	

	Source image
	


[bookmark: _Toc31915738][bookmark: _Toc37848563]Appendix A – Actor Descriptions
Add the following new or modified actors to the IHE Technical Frameworks General Introduction Appendix A:
Deformable Registrator - A system that consumes multi-modality images and generates deformable registrations.
Deformable Displayer - A system that consumes multi-modality images, structure sets and deformable registrations to display the registered information. The producer of the deformable registration is expected to be a Deformable Registrator.
Contour Deformer - A system that consumes multi-modality images, structure sets and deformable registrations to generate deformed structure sets in a Deformable Displayer.	Comment by Stina Svensson: Updated actor name and description after discussion with the group
Dose Deformer - A system that consumes multi-modality images, structure sets, dose and deformable registrations to generate deformed dose objects in a Deformable Displayer.
Image Deformer - A system that consumes multi-modality images, structure sets, and deformable registrations to generate deformed images in a Deformable Displayer.
[bookmark: _Toc37848564]Appendix B – Transactions
Add the following new or modified transactions to the IHE Technical Frameworks General Introduction Appendix B:
1. [RO-DRRO-1] Deformable Registration Storage: Storage of Deformable Registration Object instances.	Comment by Stefan Páll Boman: TC: I’ve made these ‘Actor agnostic’ as the intention transaction re-use.	Comment by Chris Pauer: Ok
2. [RO-DRRO-2] Deformable Registration Retrieval: Retrieval of Deformable Registration Object instances.
3. 

[bookmark: _Toc18414910][bookmark: _Toc22913019]Volume 1 – Profiles
Volume 1 – Profiles
[bookmark: _Toc473170358][bookmark: _Toc504625755][bookmark: _Toc530206508][bookmark: _Toc1388428][bookmark: _Toc1388582][bookmark: _Toc1456609][bookmark: _Toc37034634][bookmark: _Toc38846112]X DX Deformable Registration for Radiation Oncology (DRRO) Profile
This Integration Profile specifies how images, RT Structure Sets, RT Doses, and associated deformable registration information can be exchanged, stored, processed, and displayed. […]  The use of relevant DICOM objects (Deformable Spatial Registration) is clarified and constrained in order to avoid misinterpretations.
The Deformable Registration for Radiation Oncology (DRRO) Profile is a Workflow and Content Module profilefocuses on the content for deformable registration and does not define the deformable registration workflow.. The focus is both on a registration workflow and content for image registration and deformation of structure sets and images.
[bookmark: _Toc473170359][bookmark: _Toc504625756][bookmark: _Toc530206509][bookmark: _Toc1388429][bookmark: _Toc1388583][bookmark: _Toc1456610][bookmark: _Toc37034635][bookmark: _Toc38846113]X.1 X.1 DRRO Actors, Transactions, and Content Modules
Figure 1shows the actors directly involved in the DRRO Profile and the relevant transactions between them. If needed for context, other actors that may be indirectly involved due to their participation in other related profiles are shown in dotted lines. Actors which have a mandatory grouping are shown in conjoined boxes.
	Comment by Stefan Páll Boman: TC: New figure showing Actors/Transactions relationships.	Comment by Chris Pauer: Add cloud or generic data store, to clarify see MMRO-III	Comment by Stina Svensson: Needs to be updated according to Actor Descriptions for Contour Deformer
[image: Graphical user interface, application

Description automatically generated]	Comment by Stefan Páll Boman: New diagram with the Archive.Figure X.1-1 DRRO Actor Diagram


[bookmark: _Ref30064503]Figure 2 DRRO Actor Diagram


Table 1 lists the transactions for each actor directly involved in the DRRO Profile. In order to claim support for this Profile, an implementation of an actor must perform the required transactions (labelled “R”) and may support the optional transactions (labeled “O”). Actor groupings are further described in Section XX.


[bookmark: _Ref30071897]Table X.1-1: DRRO Profile – Actors and Transactions
	Actors
	Transactions 
	Optionality
	Reference

	Deformable Registrator
	Retrieve Images [RAD-16]
	R
	RAD TF-2: 4.16

	
	Structure Set Retrieval [RO-7]
	O
	RO TF-2: 3.7

	
	Spatial Registration-III Retrieval [MMRO-III-2]
	O
	RO TF-2: 3.18

	
	Deformable Registration Storage [RO-DRRO-1]
	R
	RO TF-2: X.1

	Deformable Displayer
	Retrieve Images [RAD-16]
	R
	RAD TF-2: 4.16

	
	Structure Set Retrieval [RO-7]	Comment by Stina Svensson: Not sure if this should be required or just optional. Need to discuss with the group.
	O
	RO TF-2: 3.7

	
	Dose Retrieval [RO-BRTO-II-6]	Comment by Stefan Páll Boman: TC/Stina: Added this. Correct?	Comment by Stina Svensson: We have not discussed this in the group. What will be the difference with the Dose Deformer?
	O
	RO TF-2: 3.11

	
	Deformable Registration Retrieval [RO-DRRO-2]
	R
	RO TF-2: X.2

	Contour Deformer	Comment by Stina Svensson: As described here, this is more of a Structure Set Deformer
Should contouring in “deformable fusion” be part of this or deformable displayer or a separate Actor?

These two should be together and are explained by Deformable Contourer. Both contour in fusion and then map them over.
	Retrieve Images [RAD-16]
	R
	RAD TF-2: 4.16

		Comment by Stina Svensson: No, the idea here is to test that a software allows contouring in fusion view. Structure set storage only I would say.
	Structure Set Retrieval [RO-7]	Comment by Stefan Páll Boman: Stina: Is this necessarily required? What is just contouring on the fusion view?
	R
	RO TF-2: 3.7

	
	Deformable Registration Retrieval [RO-DRRO-2]
	R
	RO TF-2: X.2

		Comment by Stina Svensson: 	Comment by Stina Svensson: Thi
	Structure Set Storage [RO-2]	Comment by Stina Svensson: Maybe this should be removed.
	R
	RO TF-2: 3.2

	Image Deformer
	Retrieve Images [RAD-16]
	R
	RAD TF-2: 4.8

	
	Deformable Registration Retrieval [RO-DRRO-2]
	R
	RO TF-2: X.2

	
	Creator Images Stored [RAD-18]
	R
	RAD TF-2: 4.18

	Dose Deformer
	Retrieve Images [RAD-16]
	R
	RAD TF-2: 4.16

	
	Structure Set Retrieval [RO-7]
	O
	RO TF-2: 3.7

	
	Dose Retrieval [RO-BRTO-II-6]	Comment by Stefan Páll Boman: Stina: This is not optional, right?
	R
	RO TF-2: 3.11

	
	Deformable Registration Retrieval [RO-DRRO-2]
	R
	RO TF-2: X.2

	
	Dose Stored [RO-BRTO-II-5]
	R
	RO TF-2: 3.3



Figure X.1-1 shows the actors directly involved in the DRRO Profile and the direction that the content is exchanged. 
A product implementation using this profile may group actors from this profile with actors from a workflow or transport profile to be functional. The grouping of the content module described in this profile to specific actors is described in more detail in Cross Profile Considerations RO TF-1: X.6.
[image: Text, application

Description automatically generated]	Comment by Stina Svensson: Updated with Contour Deformer
Figure X.1-2: DRRO Actor Diagram
Table 1-2 lists the content modules defined in the DRRO Profile. To claim support with this profile, an actor shall support all required content modules (labeled “R”) and may support optional content modules (labeled “O”).


Table X.1-2 DRRO – Actors and Content Modules	Comment by Stina: Update based on table X.1-1 once that is finalized.
	Actors
	Content Modules
	Optionality
	Reference

	Deformable Registrator
	Deformable Spatial Registration IOD for General Use
	R
	RO TF-3: XX

	
	Frame of Reference Module for Deformable Registrations
	R
	RO TF-3: XX

	
	Deformable Spatial Registration Module Base Content
	R
	RO TF-3: XX

	Deformable Displayer
	-
	-
	-

	Contour Deformer
	-
	-
	-

	Image Deformer
	General Image Module in Deformed Image
	R
	RO TF-3: XX

	
	General Reference Module in Deformed Image
	R
	RO TF-3: XX

	Dose Deformer
	RT Dose in Deformed Dose
	R
	RO TF-3: XX



[bookmark: _Toc37848565]X.1.1 Actor Description and Actor Profile Requirements
	Comment by Stina Svensson: Not sure what I am supposed to write here. Copied from MMRO-III
No additional requirements needed.

X.2 DRRO Actor Options
Options that may be selected for this Profile are listed in Table X.2-1 along with the Actors to which they apply. Dependencies between options when applicable are specified in notes.

Table X.2-1 DRRO – Actors and Options
	Actor
	Options
	Reference

	
	
	

	Deformable Registrator
	Structure Set Retrieval [RO-7]
	RO TF-2: 3.7

	
	Spatial Registration-III Retrieval [MMRO-III-2]
	RO TF-2: 3.18

	Deformable Displayer
	Structure Set Retrieval [RO-7]
	RO TF-2: 3.7

	
	Dose Retrieval [RO-BRTO-II-6]	Comment by Stefan Páll Boman: TC/Stina: Added this. Correct?	Comment by Stina Svensson: I’ll check with the group	Comment by Chris Pauer: Insure consistency with other transaction table	Comment by Stefan Páll Boman: Done.
	RO TF-2: 3.11

	Contour Deformer
	No options defined
	-

	Image Deformer
	No options defined
	-

	Dose Deformer
	Structure Set Retrieval [RO-7]
	RO TF-2: 3.7



X.3 DRRO Required Actor Groupings
None.


[bookmark: _Toc30078582]
[bookmark: _Toc37034636][bookmark: _Toc38846114][bookmark: _Toc504625757][bookmark: _Toc530206510][bookmark: _Toc1388430][bookmark: _Toc1388584][bookmark: _Toc1456611]X.4 DX.4 DRRO Overview
[bookmark: _Toc37848566]X.4.1 <Volume 2 documents each transaction/content module in isolation. This section shows how the transactions/content modules of the profile are combined to address the use cases.>
<Use Cases are informative, not normative, and “SHALL” language is not allowed in use cases.>
[bookmark: _Toc37237289][bookmark: _Toc37243766][bookmark: _Toc37251783][bookmark: _Toc37252244][bookmark: _Toc37253753][bookmark: _Toc37334143][bookmark: _Toc37334631][bookmark: _Toc37335121][bookmark: _Toc37335609]	Comment by Stina Svensson: Needs to be added. See MMRO-III
[bookmark: _Toc37848567]X.4.1 Concepts
[bookmark: _Toc37848568]X.4.1.1 Deformable Image Registration (DIR)
Deformable image registration (DIR) is the process of defining a mapping between the positions in one scan and their corresponding positions in another scan. This permits point-wise merging of information in scans acquired of the same subject at different time points or of different subjects and is of high relevance in many aspects of radiation therapy treatments.
DIR allows for alignment that accounts for changes such as organ deformation, patient weight loss, or tumor shrinkage. DIR has the perspective of being widely integrated into many different steps of the radiotherapy process including planning, delivery and accumulated dose from radiotherapy. For example, inter-fractional registration can be used to match an image acquired at one treatment fraction to an image from another fraction to improve patient positioning, and to evaluate organ motion relative to bony anatomy. Another particular use is data transfer between images to propagate contours from the planning images or from an atlas to newly acquired images as well as between images of different modalities. Intra-fractional registration is used to match images acquiring during a single treatment fraction. For example, this process is used to track respiratory motion and can be used to generate a model of organ motion across a patient population.
Once the registration is complete, the result is recorded in a Deformable Spatial Registration object which is typically stored in the study with the image data. The registration is described through a rigid transform, for initial coarse alignment, and a deformation vector field, for subsequent detailed alignment, see 4.1.2.
Many different deformable image registration algorithms exist. The specific algorithm used may be of interest to the user (especially when several different registrations exist between the same datasets). It is therefore relevant that the Deformable Spatial Registration object stores information on the type of algorithm used, for instance if the driving force is image information or fiducial markers in terms of POIs or ROIs.
[bookmark: _Ref37253393][bookmark: _Toc37848569]X.4.1.2 Rigid transform and deformation vector field
Deformations and transformations describe how to sample data from the Source Reference Coordinate System (RCS) into the Registered RCS. The deformable spatial registration is applied to the Registered RCS coordinates by:
1. First, transforming the coordinates using a pre deformation matrix; and
2. Then, applying the deformation offsets to the resulting coordinates.
The resulting coordinate addresses the corresponding point within the Source RCS. In other words, 
· Each vector describes the displacement of a point in the Registered RCS to spatially align with the corresponding point in the Source RCS, after having been rigidly aligned through a pre deformation matrix; and
· The vector field is defined on the Registered image. 
Expressed as an equation, a source coordinate can be calculated as:
,
where  is the spatial coordinate in the Source RCS;  the start coordinate in the Registered RCS of the deformation grid;  the index in the deformation grid in the , , and  dimension;  the resolution of the deformation grid in the , , and  dimension;  the deformation at index  in the deformation grid; and  the pre deformation matrix.

Note that a deformation vector field is not, in general, invertible. This is a difference with respect to Spatial Registration object which can be used for rigid alignment in both directions.
[bookmark: _Toc37848570][bookmark: _Toc37251787][bookmark: _Toc37252248][bookmark: _Toc37253757][bookmark: _Toc37334147][bookmark: _Toc37334635][bookmark: _Toc37335125][bookmark: _Toc37335613]X.4.1.3 	Comment by Stefan Páll Boman: Mostly copied from the DRRO Clinical Impact Statement. Needs rewording.
[bookmark: _Toc37251788][bookmark: _Toc37252249][bookmark: _Toc37253758][bookmark: _Toc37334148][bookmark: _Toc37334636][bookmark: _Toc37335126][bookmark: _Toc37335614]

[bookmark: _Toc37251790][bookmark: _Toc37252251][bookmark: _Toc37253760][bookmark: _Toc37334150][bookmark: _Toc37334638][bookmark: _Toc37335128][bookmark: _Toc37335616]
[bookmark: _Toc37251791][bookmark: _Toc37252252][bookmark: _Toc37253761][bookmark: _Toc37334151][bookmark: _Toc37334639][bookmark: _Toc37335129][bookmark: _Toc37335617]
[bookmark: _Toc37848571]Deforming Images, Contours and Dose
A deformable image registration can be used to create deformed objects. 	Comment by Stina Svensson: Now it became complicated. Mapping of structures is typically done in the direction of the vector field (ending up in the source image), while dose and image is dragged back (ending up in the registered image).
Does this need to be clarified here?	Comment by Stina: Looked at this again and now think it is fine as is.
Contours on the Registered image can be deformed to the Source image following the vector field. 
The Source image can be deformed to the Registered image and stored as a Deformed image. This allows for instance visualization of the two images fused. 
A RT Dose defined on the Source image can be deformed to the Registered image and stored as a Deformed Dose. This allows for instance summation of doses on different images.

[bookmark: _Toc37848572][bookmark: _Toc37243771][bookmark: _Toc37251793][bookmark: _Toc37252254][bookmark: _Toc37253763][bookmark: _Toc37334153][bookmark: _Toc37334641][bookmark: _Toc37335131][bookmark: _Toc37335619]X.4.2 Include descriptions:
[bookmark: _Toc37243772][bookmark: _Toc37251794][bookmark: _Toc37252255][bookmark: _Toc37253764][bookmark: _Toc37334154][bookmark: _Toc37334642][bookmark: _Toc37335132][bookmark: _Toc37335620]
[bookmark: _Toc37243773][bookmark: _Toc37251795][bookmark: _Toc37252256][bookmark: _Toc37253765][bookmark: _Toc37334155][bookmark: _Toc37334643][bookmark: _Toc37335133][bookmark: _Toc37335621]
[bookmark: _Toc37243774][bookmark: _Toc37251796][bookmark: _Toc37252257][bookmark: _Toc37253766][bookmark: _Toc37334156][bookmark: _Toc37334644][bookmark: _Toc37335134][bookmark: _Toc37335622]
[bookmark: _Toc37243775][bookmark: _Toc37251797][bookmark: _Toc37252258][bookmark: _Toc37253767][bookmark: _Toc37334157][bookmark: _Toc37334645][bookmark: _Toc37335135][bookmark: _Toc37335623]
[bookmark: _Toc37243776][bookmark: _Toc37251798][bookmark: _Toc37252259][bookmark: _Toc37253768][bookmark: _Toc37334158][bookmark: _Toc37334646][bookmark: _Toc37335136][bookmark: _Toc37335624]
Creating Datasets
Registering Datasets
Resampling Datasets
Presenting Deformably Registered Datasets
[bookmark: _Toc37243781][bookmark: _Toc37251803][bookmark: _Toc37252264][bookmark: _Toc37253773][bookmark: _Toc37334163][bookmark: _Toc37334651][bookmark: _Toc37335141][bookmark: _Toc37335629]….
[bookmark: _Toc37243782][bookmark: _Toc37251804][bookmark: _Toc37252265][bookmark: _Toc37253774][bookmark: _Toc37334164][bookmark: _Toc37334652][bookmark: _Toc37335142][bookmark: _Toc37335630]
[bookmark: _Toc37848573]X.4.2 Use Cases
[bookmark: _Toc37848574][bookmark: OLE_LINK21]X.4.2.1 A deformation vector field is not, in general, invertible. In the use case descriptions, we follow the annotation in DICOM supplement 112 “Deformable Spatial Registration Storage SOP Class”, i.e., the deformations and transformations describe how to sample data from the Source Reference Coordinate System (RCS) into the Registered RCS. The deformable spatial registration is applied to the Registered RCS coordinates by:
First, transforming the coordinates using a pre deformation matrix; and
Then, applying the deformation offsets to the resulting coordinates.
The resulting coordinate addresses the corresponding point within the Source RCS. In other words, 
Each vector describes the displacement of a point in the Registered RCS to spatially align with the corresponding point in the Source RCS, after having been rigidly aligned through a pre deformation matrix; and
The vector field is defined on the Registered image. 
Expressed as an equation, a source coordinate can be calculated as:
[bookmark: _Toc37334173][bookmark: _Toc37334661][bookmark: _Toc37335151][bookmark: _Toc37335639],
[bookmark: _Toc37243792][bookmark: _Toc37251814][bookmark: _Toc37252275][bookmark: _Toc37253784][bookmark: _Toc37334174][bookmark: _Toc37334662][bookmark: _Toc37335152][bookmark: _Toc37335640]where  is the spatial coordinate in the Source RCS;  the start coordinate in the Registered RCS of the deformation grid;  the index in the deformation grid in the , , and  dimension;  the resolution of the deformation grid in the , , and  dimension;  the deformation at index  in the deformation grid; and  the pre deformation matrix.
[bookmark: _Toc37848575]X.4.2.1 UUsse Case #1: Deformable Registration Creation
A deformable registration is created based on two images in the system.
[bookmark: _Toc37848576]X.4.2.1.1 X.4.2.1.1 Deformable Registration Creation Use Case Description
The Deformable Registrator and some data source (e.g. an Archive) retrieves data and stores a deformable registration.
Received:
· Received: Two series of images as CT/MR/PET image objects – registered Image R and source Image S.
· Two series of images are retrieved.
· Optional A structure set is retrieved.
· Action:
· Action: A Registrator Actor creates aA deformable registration is created from Image R to Image S..
· The Registrator Actor can make use of stStructures (regions and points of interest) can optionally be used during the in the creation creation of the deformable registration. 
· Stored:
· Stored: The deformable registration from Image R to Image S is stored as a A Deformable Spatial Registration Object to the Archive.is stored.
X.4.2.1.2 Deformable Registration Creation Process Flow
[image: A picture containing diagram

Description automatically generated]	Comment by Stefan Páll Boman: Stina/TC: Should the Deformable Displayer be included in this? It could be shown that when the deformable registration has been created, the displayer retrieves and displays it.	Comment by Stina Svensson: Makes sense to me	Comment by Chris Pauer: Agreed and update with optional transaction	Comment by Stefan Páll Boman: Updated
Figure X.4.2.1.2-1: Process Flow for Deformable Registration Creation
X.4.2.1.2 Deformable Registration Creation Use Case Testing
Verify that the Deformable Spatial Registration Object is correctly written, i.e., references to Image R and Image S.
X.4.2.2 Use Case #2: Deformable Registration Editing
The deformable image registration is edited in the system.
X.4.2.2.1 Deformable Registration Editing Use Case Description
Received:
Two series of images as CT/MR/PET Image Objects - registered Image R and source Image S.
A deformable image registration from Image R to Image S as Deformable Spatial Registration Object.
Action: A Registrator Actor edits the deformable image registration from Image R to Image S. 
Stored: The deformable image registration from Image R to image S is stored as a Deformable Spatial Registration Object.
X.4.2.2.2 Deformable Registration Editing Use Case Testing
Round trip: The stored Deformable Spatial Registration Object corresponds to the received. This will not test that editing is possible, but that consume and produce are consistent with what we are interested in capturing here.
[bookmark: _Toc37848577]X.4.2.3 X.4.2.2 Use Case #23: (Multimodality) Contouring I	Comment by Stefan Páll Boman: Stina: I might have confused this with Use Case #3. Is this use case only for displaying?	Comment by Stina Svensson: It is for contouring in fusion view. So not only displaying. #3 is to do the deformable mapping of structures. Both #2 and #3 are relevant and doesn’t necessarily be supported by the same software.	Comment by Stefan Páll Boman: So, transaction-wise it is similar or identical?	Comment by Stina: See my comment below.
The images are visualized in a fusion view (based on the deformable image registration) and used to identify structures (regions and points of interest) in the system.
[bookmark: _Toc37848578]X.4.2.2.1 X.4.2.3.1 (Multimodality) Contouring I Use Case Description
· [bookmark: _GoBack]Received: 
· Two series of images as CT/MR/PET Image Objects – registered Image R and source Image S (Image R and Image S) are retrieved. 
· A A deformable image registration from Image R to Image S as Deformable Spatial Registration Object is retrieved.
· Action: 
· A Display Actor visualizesDeformable Displayer  displays a fusion of Image R fused with and Image S deformed using the the deformable image registration. 
· [A Contourer Actor allows]Deformable Displayer allows I identification of structures (regions and points of interests) in the fusion view.
· 	Comment by Stina: I think that the confusion lies here. No Contour Deformer needed for this one. Just regular storage of a structure set
· Stored: 
· The structures in Image R are stored as a RT Struct Object.
X.4.2.2.2 Multimodality Contouring I Process Flow 
[image: A picture containing graphical user interface

Description automatically generated]
Figure X.4.2.2.2-1 Process Flow for Multimodality Contouring I
1.1.1.1.1 X.4.2.3.2 (Multimodality) Contouring I Use Case Testing
· Images are bi-level (or just a few grey-levels). 
· Few regions corresponding to simple geometrical shapes (sphere, box).
· Displacement field translating, expanding et c. the regions.
· Visually inspect fused image.
· Contour regions manually in the fusion view. Stored regions should be possible to verify quantitatively that they are correct based on the simple setup used.
Preferably, test case should be iterated for a set of patient positions and image orientations.
[bookmark: _Toc37243816][bookmark: _Toc37251838][bookmark: _Toc37252299][bookmark: _Toc37253808][bookmark: _Toc37334198][bookmark: _Toc37334686][bookmark: _Toc37335176][bookmark: _Toc37335664]
Check if we can use TG132 phantoms + known DIR.
[bookmark: _Toc37848579]X.4.2.4 X.4.2.3 Use Case #43: (Multimodality) Contouring II
The deformable image registration is used to propagate structures between images in the system.
[bookmark: _Toc37848580]X.4.2.3.1X.4.2.4.1 (Multimodality) Contouring II Use Case Description
· Received: 
· Two series of images as CT/MR/PET Image Objects – registered Image R and source Image S.
· Structures (regions and points of interests) as RT Struct on Image R
· A deformable image registration from Image R to Image S as Deformable Spatial Registration Object.
· Action: A Contourer Contour Deformer Actor allows propagation of the structures from Image R to Image S based on the deformable image registration.
· Stored: The structures in Image S are stored as a RT Struct Object..
· 
X.4.2.3.2 Multimodality Contouring II Process FlowX.4.2.4.1 (Multimodality) Contouring II Use Case Testing
Should be possible to reuse most of (Multimodality) Contouring I Use Case Testing.
[image: A picture containing diagram

Description automatically generated]
Figure X.4.2.3.2-1 Process Flow for Multimodality Contouring II
[bookmark: _Toc37848581]X.4.2.4 X.4.2.5 Use Case #45: Dose Deformation
The deformable image registration is used to map the dose from one image to another in the system.
[bookmark: _Toc37848582]X.4.2.4.1 X.4.2.5.1 Dose Deformation Use Case Description
· Received: 
· Two series of images as CT/MR/PET Image Objects – registered Image R and source Image S
· A deformable image registration from Image R to Image S as Deformable Spatial Registration Object.
· A dose on Image S as RT Dose Object.
· Action: A Dose Actor allows mapping of the dose on Image S to Image R based on the deformable image registration.
· Stored: The deformed dose is stored as a RT Dose Object in the frame-of-reference and patient orientation as Image R.
· 
X.4.2.4.2 Dose Deformation Process Flow
[image: ]
Figure X.4.2.4.2-1 Process Flow for Dose Deformation
[bookmark: _Toc37848583]X.4.2.5 X.4.2.5.2 Dose Deformation Use Case Testing 
Verify Spatial Transform of Dose (3004,0005) and Reference Spatial Registration Sequence (0070,0404).
Reference to Image R and Image S is implicit from the reference to the Deformable Spatial Registration Object in (0070,0404)
Should other tags / which other tags should be transferred to the deformed dose? Referenced RT plan sequence, Fraction group, et c.
Visually inspect that the deformed dose is actually displayed on Image R
[bookmark: _Toc37848584]X.4.2.6 Use Case #56: Image Deformation
The deformable image registration is used to deform an image in the system.
[bookmark: _Toc37848585]X.4.2.5.1 X.4.2.6.1 Image Deformation Use Case Description
· Received: 
· Two series of images as CT/MR/PET Image Objects – registered Image R and source Image S
· A deformable image registration from Image R to Image S as Deformable Spatial Registration Object.
· Action: An Image Actor allows deforming Image R to Image S based on the deformable image registration.
· Stored: The deformed image is stored as a CT/MR/PET Image Object, where the geometrical information corresponds to Image R:
· Image acquisition information corresponds to Image S.
· Reference to Deformable Spatial Registration Object
· Referenced Image (Image S)
· Dates and time taken from Image S
X.4.2.5.2 Image Deformation Process Flow
[image: ]
Figure X.4.2.5.2-1 Process Flow for Image Deformation
[bookmark: _Toc37848586]X.4.2.6 X.4.2.6.2 Image Deformation Use Case Testing
Verify image acquisition information, time and date.
Derived image with reference to Deformable Spatial Registration Object.
Reuse displacement field setup from (Multimodality) Contouring I Use Case?
[bookmark: _Toc37848587]X.4.2.7 Use Case #76: Image Distortion Correction
The deformable image registration is used to deform an image in the system. Applicable, e.g., for phantom based geometrical correction of MRI images where a displacement field which may not be patient-specific is used.
[bookmark: _Toc37848588]X.4.2.6.1 X.4.2.7.1 Image Distortion Correction Use Case Description
· Received: 
· One series of images as CT/MR/PET Image Object – source Image S 
· A displacement field to Image S as Deformable Spatial Registration Object.
· Action: An Image Actor deforms Image S based on the displacement field.
· Stored: The deformed image is stored as a CT/MR/PET Image Object, where:
· Image acquisition information corresponds to Image S.
· Reference to Deformable Spatial Registration Object
· Referenced Image (Image S)
· Dates and time taken from Image S
X.4.2.6.2 Image Distortion Process Flow
[image: A picture containing text

Description automatically generated]	Comment by Stefan Páll Boman: Stina/TC: This is the exact same fig as in X.4.2.5.2-1Image Deformation Process Flow. Redundant?	Comment by Stina Svensson: In this case we only retrieve one images. I think that should be made clear in the fig and that it is then not redundant	Comment by Chris Pauer: Agreed	Comment by Stefan Páll Boman: Done
Figure X.4.2.6.2-1 Process Flow for Image Deformation
[bookmark: _Toc37848589]X.4.2.7.2 Image Distortion Correction Use Case Testing
Verify image acquisition information, time and date.
Derived image with reference to Deformable Spatial Registration Object.
Reuse displacement field setup from (Multimodality) Contouring I Use Case?
X.4.2.8 Use Case #8: Dose Compositor
The deformable image registration is used to map the dose from one image to another in the system. The mapped dose is then summed with another dose.
X.4.2.8.1 Dose Compositor Use Case Description
Received: 
Two series of images as CT/MR/PET Image Objects – registered Image R and source Image S
A deformable image registration from Image R to Image S as Deformable Spatial Registration Object.
A dose on Image R and a dose on Image S as RT Dose Objects – Dose R and Dose S.
Action: A Dose Actor allows mapping of Dose S to Image R. The deformed Dose S is summed with Dose R using a Dose Compositor Actor.
Stored: The summed dose is stored as RT Dose Object.	
Composite dose. What will be the Dose Summation Type(3004,000A)?
The DCOM Profile (rigid dose compositing) requires this attributed to be PLAN or MULTI_PLAN in dose retrieved using transaction [RO-DC1] and MULTI_PLAN in dose stored by the Dose Compositor using transaction [RO-DC2].
Some Use Cases for deformable dose involve BEAM doses.  These may need to be supported in the DRRO Profile.  Cross-profile compatibility issues need further evaluation.
Use dose summation type of the original dose? 
Corresponding requirements in the DCOM Profile may also need to be re-evaluated.
X.4.2.8.2 Dose Compositor Use Case Testing 
Can we reuse ideas from DCOM testing for the summation part?
X.4.2.9 Use Case #9: Composite planning, Recurrence Planning, Adaptive Planning 
A deformed dose is used as background dose in planning. 
X.4.2.9.1 Composite planning, Recurrence Planning, Adaptive Planning Use Case Description
Received: 
Two series of images as CT/MR/PET Image Objects – registered Image R and source Image S
A deformable image registration from Image R to Image S as Deformable Spatial Registration Object.
A plan with Image R as planning image as RT Plan Object.
A dose on Image S as RT Dose Object.
Action: A Dose Actor allows mapping of Dose S to Image R. A Planner Actor allows to use the deformed dose as background dose for the plan.
Stored: A plan created using the deformed dose as background dose, and Image R as planning image, is stored as RT Plan.
X.4.2.9.2 Composite planning, Recurrence Planning, Adaptive Planning Use Case Testing
Do not include optimization. It is possible to reference a previous plan. But not dose.
X.4.2.YYY Use Case #YYY: Extras
· Use cases not described above but which have been discussed:
· Use case: Deformable Registration Comparison  
A device can display the differences between deformable registrations.  The difference here between straight dose comparison is that it can accept the deformable registration and the data that composes it. The actors for this use case may not be different from actors suggested by other use cases (deformable dose compositing, displaying) except that it may have a comparison component and the ability to display deltas with side by side dose displays.
· Surgery Use Case: Resection Cavity Correction (Intra-Op Update)
· Any interest / relevance to add use case for diagnostic PET/CT  - planning CT contouring in fusion / contour propagation [deformable registration between diagnostic CT and planning CT, while diagnostic PET and planning CT used for fusion / propagation]?
· Resampling (images, structures, and dose) is outside the scope of the DRRO profile. This should be pointed out clearly in the description.

X.5 DRRO Security Considerations
There are no explicit security considerations in this profile.
X.6 DRRO Cross Profile Considerations
Consistent Presentation of Images (CPI) – Consistent Presentation of Images Integration Profile
Actors of the DRRO profile uses the Retrieve Images [RAD-16] and Creator Images Stored [RAD-18] transactions defined by the CPI profile (RAD TF-1: 5).

BRTO-II – Basic Radiation Therapy Objects Integration Profile II
A Contourer in BRTO-II might be grouped with a Deformed Contourer to support a rich suite of contouring tools.

MMRO-III - Multimodality Image Registration for Radiation Oncology 2018
A Registrator in MMRO-III might be grouped with a Deformable Registrator to support both spatial registration and deformable registration.
A Registered Display in MMRO-III might be grouped with a Deformable Displayer to support display of spatial registrations and deformable registrations.
A Registered Dose Display in MMRO-III might be grouped with a Deformable Displayer to support display of registered dose.
A Registered Contourer in MMRO-III might be grouped with a Deformable Contourer to support spatial registration of contours and deformable registration of contours.

[bookmark: _Toc530117332]


	
	

	
	

	
	

	
	

	
	

	
	




	
	

	
	

	
	

	
	

	
	

	
	











	
	

	
	

	
	


[bookmark: _Toc18414931][bookmark: _Toc22913044]Volume 2 – Transactions
[bookmark: _Toc37848591]3.X Deformable Registration Storage [RO-DRRO-1]	Comment by Stefan Páll Boman: Most of this will be a reiteration of X. 4.2.1 Use Case #1: Deformable Registration Creation. Reference from here?
[bookmark: _Toc37848592]3.X.1 Scope
[bookmark: _Toc37848593]3.X.2 Actor Roles
	Actor:
	Deformable Registrator

	Role:
	Create and transmit Deformable Spatial Registration Objects


[bookmark: _Toc37848594]3.X.3 Referenced Standards
DICOM 2020d Edition PS 3.3
[bookmark: _Toc37848595]3.X.4 Messages
[bookmark: _Toc37848596]3.X.4.1 Storage of Deformable Registration 
[bookmark: _Toc37848597]3.X.4.1.1 Trigger Events
The Deformable Registrator retrieves images (Images S and Images R) and creates a Deformable Spatial Registration instance.
[bookmark: _Toc37848598]3.X.4.1.2 Message Semantics
The following actions and transmissions are expected:
1. Retrieve image series Images S
2. Retrieve image series Images R
3. Process images and create deformable registration
4. Store deformable registration

The content of the deformable registration shall conform to the content module definition 7.3.11 Deformable Spatial Registration IOD in RO TF-3.	Comment by Stefan Páll Boman: TC: This is my attempt at cross-referencing Vol 2 and 3. Comments?	Comment by Chris Pauer: Yes, get specific heading here for the content, allow later implementor to not go crazy with references	Comment by Stefan Páll Boman: I don’t understand what this means
[bookmark: _Toc37848599]3.X.4.1.3 Expected Actions
The Deformable Registrator processes the image series Images S and Images R and creates a Deformable Spatial Registration instance.
[bookmark: _Toc37848600]3.Y Deformable Registration Retrieval [RO-DRRO-2]	Comment by Stefan Páll Boman: TC: Transaction only involves one of four possible actors. 

Contour Deformer not mentioned
Image Deformer not mentioned
Dose Deformer not mentioned

Does this need fixing?
[bookmark: _Toc37848601]3.Y.1 Scope
[bookmark: _Toc37848602]3.Y.2 Actor Roles
	Actor:
	Deformable Displayer

	Role:
	Retrieve Deformable Spatial Registration Objects For Display

	Actor:
	Contour Deformer

	Role:
	Retrieve Deformable Spatial Registration Objects To Deform Contours

	Actor:
	Image Deformer

	Role:
	Retrieve Deformable Spatial Registration Objects To Deform Images

	Actor:
	Dose Deformer

	Role:
	Retrieve Deformable Spatial Registration Objects To Deform Dose


[bookmark: _Toc37848603]3.Y.3 Referenced Standards
DICOM 2020d Edition PS 3.3
[bookmark: _Toc37848604]3.Y.4 Messages
[bookmark: _Toc37848605]3.Y.4.1 Retrieval of Deformable Registration
[bookmark: _Toc37848606]3.Y.4.1.1 Trigger Events
The Deformable Displayer retrieves Images (Images S, Images R), Structure Set (optional), Dose (optional), and a Deformable Spatial Registration instance.
[bookmark: _Toc37848607]3.Y.4.1.2 Message Semantics
The following actions and transmissions are expected:
1. Retrieve image series Images S
2. Retrieve image series Images R
3. Retrieve Structure Set (optional)
4. Retrieve Dose (optional)
5. Retrieve Deformable Spatial Registration

[bookmark: _Toc37848608]3.Y.4.1.3 Expected Actions
The Deformable Displayed processes the image series Images S and Images R and Deformable Spatial Registration instance. Optionally it applies the registration on the retrieved structure set and dose.


[bookmark: _Toc345074694][bookmark: _Toc18414947][bookmark: _Toc22913070]Volume 3 – Content Modules
[bookmark: _Toc522519521][bookmark: _Toc18414970][bookmark: _Toc22913122]7.3 IOD Definitions
[bookmark: _Toc37848609]7.3.11 Deformable Spatial Registration IOD
[bookmark: _Toc37848610]7.3.11.1 Deformable Spatial Registration IOD for General Use
[bookmark: _Toc37848611]7.3.11.1.1 Deformable Spatial Registration IOD Base Content
[bookmark: _Toc37848612]7.3.11.1.2 Referenced Standards
DICOM 2020d PS 3.3
[bookmark: _Toc37848613]7.3.11.1.3 IOD Definition
	IE
	Module
	Reference
	Usage
	IHE-RO Usage

	Patient
	Patient
	C.7.1.1
	M
	M

	
	Clinical Trial Subject
	C.7.1.3
	U
	U

	Study
	General Study
	C.7.2.1
	M
	M

	
	Patient Study
	C.7.2.2
	U
	U

	
	Clinical Trial Study
	C.7.2.3
	U
	U

	Series
	General Series
	C.7.3.1
	M
	M

	
	Clinical Trial Series
	C.7.3.2
	U
	U

	
	Spatial Registration Series
	C.20.1
	M
	M

	Frame of Reference
	Frame of Reference
	C.7.4.1
	M
	R  
See 7.4.1.7.1 

	Equipment
	General Equipment
	C.7.5.1
	M
	M

	
	Enhanced Frame of Reference
	C.7.5.2
	M
	M

	Spatial Registration
	Deformable Spatial Registration 
	C.20.3
	M
	R
See 7.4.11.1

	
	Common Instance Reference 
	C.12.2
	M
	M

	
	General Reference
	C.12.4
	U
	U

	
	SOP Common
	C.12.1
	M
	M



[bookmark: _Toc37251897][bookmark: _Toc37252358][bookmark: _Toc37253868][bookmark: _Toc37334284][bookmark: _Toc37334772][bookmark: _Toc37335262][bookmark: _Toc37335750]

	Comment by Stina Svensson: Copied from MMRO-III

[bookmark: _Toc37251901][bookmark: _Toc37252362][bookmark: _Toc37253872][bookmark: _Toc37334288][bookmark: _Toc37334776][bookmark: _Toc37335266][bookmark: _Toc37335754]	Comment by Stina Svensson: Copied from MMRO-III
[bookmark: _Toc37251902][bookmark: _Toc37252363][bookmark: _Toc37253873][bookmark: _Toc37334289][bookmark: _Toc37334777][bookmark: _Toc37335267][bookmark: _Toc37335755]
[bookmark: _Ref419211264][bookmark: _Toc431980228][bookmark: _Toc433363154]
DICOM Content Definition
Mo7.4 Module Definitions
[bookmark: _Toc37251904][bookmark: _Toc37252365][bookmark: _Toc37253875][bookmark: _Toc37334291][bookmark: _Toc37334779][bookmark: _Toc37335269][bookmark: _Toc37335757]7.4.1 
[bookmark: _Toc37251905][bookmark: _Toc37252366][bookmark: _Toc37253876][bookmark: _Toc37334292][bookmark: _Toc37334780][bookmark: _Toc37335270][bookmark: _Toc37335758]
[bookmark: _Toc37251906][bookmark: _Toc37252367][bookmark: _Toc37253877][bookmark: _Toc37334293][bookmark: _Toc37334781][bookmark: _Toc37335271][bookmark: _Toc37335759]
[bookmark: _Toc37251907][bookmark: _Toc37252368][bookmark: _Toc37253878][bookmark: _Toc37334294][bookmark: _Toc37334782][bookmark: _Toc37335272][bookmark: _Toc37335760]
[bookmark: _Toc37251908][bookmark: _Toc37252369][bookmark: _Toc37253879][bookmark: _Toc37334295][bookmark: _Toc37334783][bookmark: _Toc37335273][bookmark: _Toc37335761]
[bookmark: _Toc37251909][bookmark: _Toc37252370][bookmark: _Toc37253880][bookmark: _Toc37334296][bookmark: _Toc37334784][bookmark: _Toc37335274][bookmark: _Toc37335762]
[bookmark: _Toc37251910][bookmark: _Toc37252371][bookmark: _Toc37253881][bookmark: _Toc37334297][bookmark: _Toc37334785][bookmark: _Toc37335275][bookmark: _Toc37335763]
[bookmark: _Toc37251911][bookmark: _Toc37252372][bookmark: _Toc37253882][bookmark: _Toc37334298][bookmark: _Toc37334786][bookmark: _Toc37335276][bookmark: _Toc37335764]
[bookmark: _Toc37251912][bookmark: _Toc37252373][bookmark: _Toc37253883][bookmark: _Toc37334299][bookmark: _Toc37334787][bookmark: _Toc37335277][bookmark: _Toc37335765]
[bookmark: _Toc37251913][bookmark: _Toc37252374][bookmark: _Toc37253884][bookmark: _Toc37334300][bookmark: _Toc37334788][bookmark: _Toc37335278][bookmark: _Toc37335766]
[bookmark: _Toc37848614]General Modules
[bookmark: _Toc37251915][bookmark: _Toc37252376][bookmark: _Toc37253886][bookmark: _Toc37334302][bookmark: _Toc37334790][bookmark: _Toc37335280][bookmark: _Toc37335768][bookmark: _Toc37848615]7.4.1.7 
[bookmark: _Toc37251916][bookmark: _Toc37252377][bookmark: _Toc37253887][bookmark: _Toc37334303][bookmark: _Toc37334791][bookmark: _Toc37335281][bookmark: _Toc37335769]
[bookmark: _Toc37251917][bookmark: _Toc37252378][bookmark: _Toc37253888][bookmark: _Toc37334304][bookmark: _Toc37334792][bookmark: _Toc37335282][bookmark: _Toc37335770]
[bookmark: _Toc37251918][bookmark: _Toc37252379][bookmark: _Toc37253889][bookmark: _Toc37334305][bookmark: _Toc37334793][bookmark: _Toc37335283][bookmark: _Toc37335771]
[bookmark: _Toc37251919][bookmark: _Toc37252380][bookmark: _Toc37253890][bookmark: _Toc37334306][bookmark: _Toc37334794][bookmark: _Toc37335284][bookmark: _Toc37335772]
[bookmark: _Toc37251920][bookmark: _Toc37252381][bookmark: _Toc37253891][bookmark: _Toc37334307][bookmark: _Toc37334795][bookmark: _Toc37335285][bookmark: _Toc37335773]
[bookmark: _Toc37848616] Frame of Reference Module
[bookmark: _Toc37251922][bookmark: _Toc37252383][bookmark: _Toc37253893][bookmark: _Toc37334309][bookmark: _Toc37334797][bookmark: _Toc37335287][bookmark: _Toc37335775][bookmark: _Toc37848617]7.4.1.7.1 
[bookmark: _Toc37848618]Frame of Reference Module Base Contentfor Deformable Registrations
[bookmark: _Toc37848619]7.4.1.7.1.1 Reference Standards
DICOM 2020d Edition PS 3.3
[bookmark: _Toc37848620]7.4.1.7.1.2 Module Definition
	Attribute
	Tag
	Type
	Attribute Note

	Frame of Reference UID
	(0020,0052)
	R
	This should be used for Registered RCS.

	Position Reference Indicator
	(0020,1040)
	-
	


[bookmark: _Toc37251926][bookmark: _Toc37252387][bookmark: _Toc37253897][bookmark: _Toc37334313][bookmark: _Toc37334801][bookmark: _Toc37335291][bookmark: _Toc37335779][bookmark: _Toc37848621]7.4.1.8 General Image Module
This Module Content must be present for any instance of the following SOP Classes that is used in adherence to the Deformable Registration in Radiation Oncology profile:
· CT Image Storage (1.2.840.10008.5.1.4.1.1.2)
· MR Image Storage (1.2.840.10008.5.1.4.1.1.4)
· Positron Emission Tomography Image Storage (1.2.840.10008.5.1.4.1.1.128)


[bookmark: _Toc37848622]7.4.1.8.3 General Image Module in Deformed Image
[bookmark: _Toc37848623]7.4.1.8.3.1 Reference Standards
DICOM 2020d Edition PS 3.3
[bookmark: _Toc37848624]7.4.1.8.X.2 Module Definition
	Attribute
	Tag
	Type
	Attribute Note

	Image Type
	(0008,0008)
	R
	Shall be DERIVED\SECONDARY 


[bookmark: _Toc37848625]7.4.1.9 General Reference Module
This Module Content must be present for any instance of the following SOP Classes that is used in adherence to the Deformable Registration in Radiation Oncology profile:

· CT Image Storage (1.2.840.10008.5.1.4.1.1.2)
· 
· MR Image Storage (1.2.840.10008.5.1.4.1.1.4)
· 
· Positron Emission Tomography Image Storage (1.2.840.10008.5.1.4.1.1.128
· )
[bookmark: _Toc37848626]7.4.1.9.1 General Reference Module in Deformed Image
[bookmark: _Toc37848627]7.4.1.9.1.1 Referenced Standards
DICOM 2020d Edition PS 3.3
[bookmark: _Toc37848628]7.4.1.9.1.2 Module Definition
	Attribute
	Tag
	Type
	Attribute Note

	Derivation Description
	(0008,2111)
	R+
	Shall be present	Comment by Stefan Páll Boman: See CP RT143 01 regarding these four attributes.	Comment by Stefan Páll Boman: CP 2005 in DICOM 2020d.

	Derivation Code Sequence	Comment by Stefan Páll Boman: Refer to CID 7203 Image Derivation?
	(0008,9215)
	R+
	Shall be present

	>Code Value
	(0008,0100)
	R+
	Shall be ‘125028’

	>Code Scheme Designator
	(0008,0102)
	R+
	Shall be ‘DCM’

	>Code Meaning
	(0008,0104)
	R+
	Shall be ‘Deformed for Registration’ or localized version	Comment by Stefan Páll Boman: Code Meaning can be localized. Is this requirement necessary?

	Source Instance Sequence
	(0042,0013)
	R+
	Shall be present 

	>Referenced SOP Class UID
	(0008,1150)
	R+
	Shall be ‘1.2.840.10008.5.1.4.1.1.66.3’ for Deformable Spatial Registration Storage

	>Referenced SOP Instance UID
	(0008,1155)
	R+
	

	>Purpose of Reference Code Sequence	Comment by Stefan Páll Boman: Refer to CID 7013 Non-Image Source Instance Purposes of Reference?

	(0040,A170)
	R+
	Shall be present

	>>Code Value
	(0008,0100)
	R+
	Shall be ‘125027’

	>>Code Scheme Designator
	(0008,0102)
	R+
	Shall be ‘DCM’

	>>Code Meaning
	(0008,0104)
	R+
	Shall be ‘Source Deformable Spatial Registration’	Comment by Stefan Páll Boman: Code Meaning can be localized. Is this requirement necessary?


[bookmark: _Toc37848629]
[bookmark: _Toc37251957][bookmark: _Toc37252418][bookmark: _Toc37253928][bookmark: _Toc37334344][bookmark: _Toc37334832][bookmark: _Toc37335322][bookmark: _Toc37335810][bookmark: _Toc530117342]
[bookmark: _Toc37251958][bookmark: _Toc37252419][bookmark: _Toc37253929][bookmark: _Toc37334345][bookmark: _Toc37334833][bookmark: _Toc37335323][bookmark: _Toc37335811]
[bookmark: _Toc37251959][bookmark: _Toc37252420][bookmark: _Toc37253930][bookmark: _Toc37334346][bookmark: _Toc37334834][bookmark: _Toc37335324][bookmark: _Toc37335812]
[bookmark: _Toc37251960][bookmark: _Toc37252421][bookmark: _Toc37253931][bookmark: _Toc37334347][bookmark: _Toc37334835][bookmark: _Toc37335325][bookmark: _Toc37335813]
[bookmark: _Toc37251961][bookmark: _Toc37252422][bookmark: _Toc37253932][bookmark: _Toc37334348][bookmark: _Toc37334836][bookmark: _Toc37335326][bookmark: _Toc37335814]
[bookmark: _Toc37251962][bookmark: _Toc37252423][bookmark: _Toc37253933][bookmark: _Toc37334349][bookmark: _Toc37334837][bookmark: _Toc37335327][bookmark: _Toc37335815]
[bookmark: _Toc37251963][bookmark: _Toc37252424][bookmark: _Toc37253934][bookmark: _Toc37334350][bookmark: _Toc37334838][bookmark: _Toc37335328][bookmark: _Toc37335816]
[bookmark: _Toc37251964][bookmark: _Toc37252425][bookmark: _Toc37253935][bookmark: _Toc37334351][bookmark: _Toc37334839][bookmark: _Toc37335329][bookmark: _Toc37335817]
[bookmark: _Toc37251965][bookmark: _Toc37252426][bookmark: _Toc37253936][bookmark: _Toc37334352][bookmark: _Toc37334840][bookmark: _Toc37335330][bookmark: _Toc37335818]
[bookmark: _Toc37848630]Registration Modules in Planning
[bookmark: _Toc37251967][bookmark: _Toc37252428][bookmark: _Toc37253938][bookmark: _Toc37334354][bookmark: _Toc37334842][bookmark: _Toc37335332][bookmark: _Toc37335820]
[bookmark: _Toc37848631]Deformable Spatial Registration Module
[bookmark: _Ref528247954][bookmark: _Toc37848632]Deformable Spatial Registration Module Base Content
[bookmark: _Toc37848633]Referenced Standards

[bookmark: _Toc37251971][bookmark: _Toc37252432][bookmark: _Toc37253942][bookmark: _Toc37334358][bookmark: _Toc37334846][bookmark: _Toc37335336][bookmark: _Toc37335824][bookmark: _Toc37251972][bookmark: _Toc37252433][bookmark: _Toc37253943][bookmark: _Toc37334359][bookmark: _Toc37334847][bookmark: _Toc37335337][bookmark: _Toc37335825][bookmark: _Toc37251995][bookmark: _Toc37252456][bookmark: _Toc37253966][bookmark: _Toc37334382][bookmark: _Toc37334870][bookmark: _Toc37335360][bookmark: _Toc37335848][bookmark: _Toc37251996][bookmark: _Toc37252457][bookmark: _Toc37253967][bookmark: _Toc37334383][bookmark: _Toc37334871][bookmark: _Toc37335361][bookmark: _Toc37335849][bookmark: _Toc37848634]Deformable Spatial Registration Module Attributes
	
	
	
	

	
	
	
	

	
	
	
	

	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	



	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


[bookmark: _Toc37252014][bookmark: _Toc37252475][bookmark: _Toc37253985][bookmark: _Toc37334401][bookmark: _Toc37334889][bookmark: _Toc37335379][bookmark: _Toc37335867][bookmark: _Toc37252030][bookmark: _Toc37252491][bookmark: _Toc37254001][bookmark: _Toc37334417][bookmark: _Toc37334905][bookmark: _Toc37335395][bookmark: _Toc37335883][bookmark: _Toc37252047][bookmark: _Toc37252508][bookmark: _Toc37254018][bookmark: _Toc37334434][bookmark: _Toc37334922][bookmark: _Toc37335412][bookmark: _Toc37335900][bookmark: _Toc37252134][bookmark: _Toc37252595][bookmark: _Toc37254105][bookmark: _Toc37334521][bookmark: _Toc37335009][bookmark: _Toc37335499][bookmark: _Toc37335987][bookmark: _Toc37252135][bookmark: _Toc37252596][bookmark: _Toc37254106][bookmark: _Toc37334522][bookmark: _Toc37335010][bookmark: _Toc37335500][bookmark: _Toc37335988][bookmark: _Toc37848635]
7.4.1.9.2 General Reference Module in Deformed Structure Set
7.4.1.9.2.1 Referenced Standards
DICOM 2020d Edition PS 3.3
7.4.1.9.2.2 Module Definition
	Attribute
	Tag
	Type
	Attribute Note

	Derivation Description
	(0008,2111)
	R+
	Shall be present	Comment by Stefan Páll Boman: See CP RT143 01 regarding these four attributes.	Comment by Stefan Páll Boman: CP 2005 in DICOM 2020d.

	Derivation Code Sequence	Comment by Stefan Páll Boman: Refer to CID 7203 Image Derivation?
	(0008,9215)
	R+
	Shall be present

	>Code Value
	(0008,0100)
	R+
	Shall be ‘125028’

	>Code Scheme Designator
	(0008,0102)
	R+
	Shall be ‘DCM’

	>Code Meaning
	(0008,0104)
	R+
	Shall be ‘Deformed for Registration’ or localized version	Comment by Stefan Páll Boman: Code Meaning can be localized. Is this requirement necessary?

	Source Instance Sequence
	(0042,0013)
	R+
	Shall be present 

	>Referenced SOP Class UID
	(0008,1150)
	R+
	Shall be ‘1.2.840.10008.5.1.4.1.1.66.3’ for Deformable Spatial Registration Storage

	>Referenced SOP Instance UID
	(0008,1155)
	R+
	

	>Purpose of Reference Code Sequence	Comment by Stefan Páll Boman: Refer to CID 7013 Non-Image Source Instance Purposes of Reference?

	(0040,A170)
	R+
	Shall be present

	>>Code Value
	(0008,0100)
	R+
	Shall be ‘125027’

	>>Code Scheme Designator
	(0008,0102)
	R+
	Shall be ‘DCM’

	>>Code Meaning
	(0008,0104)
	R+
	Shall be ‘Source Deformable Spatial Registration’	Comment by Stefan Páll Boman: Code Meaning can be localized. Is this requirement necessary?




7.4.13 RT Dose-Related Modulese Module Attributes for Deformed Dose
[bookmark: _Toc37848636]7.4.13.3 RT Dose Module
[bookmark: _Toc37848637]7.4.13.3.2 RT Dose in Deformed Dose
This Module Content must be present for any instance of the following SOP Classes that is used in adherence to the Deformable Registration in Radiation Oncology profile:
· RT Dose Storage (1.2.840.10008.5.1.4.1.1.481.2
· )

The following table lists redefinitions of attributes within the Deformable Registration in Radiation Oncology, which extend the definitions of RT Dose Module Base Content.Only listing tags specific for Deformed Dose handling.
[bookmark: _Toc37848638]7.4.13.3.2.1 Reference Standards
DICOM 2020d Edition PS 3.3
[bookmark: _Toc37848639]7.4.13.3.2.2 Module Definition
	Attribute
	Tag
	Type
	Attribute Note

	Dose Type
	(3004,0004)
	R
	Shall be the same as the original dose.

	Spatial Transform of Dose
	(3004,0005)
	R+
	Shall be NON_RIGID.

	Referenced Spatial Registration Sequence
	(0070,0404)
	R+
	Shall reference the Deformable Spatial Registration SOP Instance used to deform the dose.

	Start Include Table 10-11 “SOP Instance Reference Macro Attributes”

	>Referenced SOP Class UID
	(0008,1150)
	R+
	Shall be ‘1.2.840.10008.5.1.4.1.1.66.3’ for Deformable Spatial Registration Storage

	>Referenced SOP Instance UID
	(0008,1155)
	R+
	

	End Include Table 10-11 “SOP Instance Reference Macro Attributes”




7.4.15 Deformable Spatial Registration Modules in Planning
7.4.15.1 Deformable Spatial Registration Module
7.4.15.1.1 Deformable Spatial Registration Module Base Content
7.4.15.1.1.1 Referenced Standards
DICOM 2020a Edition PS 3.3
7.4.15.1.1.2 Module Definition 
	Attribute
	Tag
	Type
	Attribute Note

	Content Date
	(0008,0023)
	-
	

	Content Time
	(0008,0033)
	-
	

	Start Include of Table 10-12 “Content Identification Macro Attributes”

	Instance Number
	(0020,0013)
	-
	

	Content Label
	(0070,0080)
	R+
	Label used to distinguish registration instances. Shall not be empty

	Content Description
	(0070,0081)
	R+
	Description used to distinguish registration instances. Shall not be empty.

	End Include of Table 10-12 “Content Identification Macro Attributes”

	Deformable Registration Sequence
	(0064,0002)
	R+*
	Exactly two Item shall be present. One Item shall represent the Registered Image (with no Deformable registration grid sequence). The other Item shall represent the Source Image and shall have a Deformable Registration Grid Sequence 	Comment by Stina Svensson: Does this correspond to current usage in software with DICOM export/import support?	Comment by Stina Svensson: See separate report. To summarize, does not correspond to current usage (expect for one vendor) but seen as a good approach by most.
A bit confusing due to the use of “Source”. Could be that DICOM intended to not reference Registered Image but just its frame-of-reference using C.7.4.1 with tags (0020,0052) and (0020,1040)

	>Source Frame of Reference UID
	(0064,0003)
	-
	Identities a Frame of Reference that may or may not be an image set. Shall be present.

	>Referenced Image Sequence
	(0008,1140)
	O+*
	Shall be Empty or shall include one Item within the specified Source Frame of Reference UID (0064,0003)	Comment by Stina Svensson: We need to allow this one to be empty as we want to cover image correction use case.	Comment by Stina Svensson: Do we want to allow several images? “The Registered RCS is the Frame of Reference specified within an instance of this IOD. The IOD may specify that only a subset of the entire Source RCS Frame of Reference is affected by the
transformation, by specifying specific frames of image SOP Instances that use the Source Frame
of Reference.”

	>>Include 'Image SOP Instance Reference Macro' Table 10-3

	>Frame of Reference Transformation Comment
	(3006,00C8)
	-
	

	>Registration Type Code Sequence
	(0070,030D)
	R+
	Shall be present and include one of the items in CID 7100 RCS Registration Method Type.

	>Code Value
	(0008,0100)
	R+*
	Shall be one of ‘125022’, ‘125024’ or ‘125026’

	>Code Scheme Designator
	(0008,0102)
	R+*
	Shall be ‘DCM’

	>Code Meaning
	(0008,0104)
	R+*
	Shall be the Code Meaning corresponding to the value in Code Value (0008,0010) as specified in CID 7100

	>Pre Deformation Matrix Registration Sequence
	(0064,000F)
	RC+
	Shall include one Item for the Source Image in case a matrix transformation needs to be applied prior to deformation. In case this Item is absent the identity transformation matrix shall be applied.	Comment by Stina Svensson: To avoid confusion, I suggest that this should be empty for Target Image and should be present for Source Image. We should consider using Registered and Source instead of Source and Target in the profile to avoid confusion.
DICOM expresses the application as:
The registrations in this module are applied to the Registered RCS coordinates in the following order. First, transform the coordinates using the matrix described in the Pre Deformation Matrix Registration Sequence (0064,000F). Next apply the deformation offsets to the resulting coordinates. Finally, transform those coordinates using the matrix described in the Post Deformation Matrix Registration Sequence (0064,0010). The resulting coordinate addresses the sample point within the Source RCS.	Comment by Stina Svensson: Modified to using Registered / Source instead of Source / Target. Hence one item for Source and empty for Registered	Comment by Stina Svensson: Updated according to comment from Thomas Schwere 20200504	Comment by Stina: Updated after discussion with the group.
Shall be absent for the Registered Image

	>>Frame of Reference Transformation Matrix
	(3006,00C6)
	-
	

	>>Frame of Reference Transformation Matrix Type
	(0070,030C)
	R+
	Shall be RIGID 

	>Post Deformation Matrix Registration Sequence
	(0064,0010)
	X
	Shall not be present

	>Deformable Registration Grid Sequence
	(0064,0005)
	RC+
	Shall be present for Source Image and shall be absent for Registered Image.

	>>Image Orientation (Patient)
	(0020,0037)
	R
	

	>>Image Position (Patient)
	(0020,0032)
	R
	

	>>Grid Dimensions
	(0064,0007)
	R
	

	>>Grid Resolution
	(0064,0008)
	R
	

	>>Vector Grid Data
	(0064,0009)
	R*
	

	>Used Fiducials Sequence
	(0070,0314)
	-
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