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Change History
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2009/11/24 2 Christof Schadt Transfer of supRTPatientPositioning document content
(christof.schadt@brainlab.com)
2009/12/08 3 Christof Schadt Integration of T-Con results, review during Clearwater
(christof.schadt@brainlab.com) meeting
2010/03/16 4 Christof Schadt Preparation for meeting at NEMA HQ
(christof.schadt@brainlab.com)
2010/03/19 5 Christof Schadt Meeting at NEMA HQ
(christof.schadt@brainlab.com)
2010/07/21 6 Christof Schadt Meeting in Philadelphia
(christof.schadt@brainlab.com)
2010/07/28 7 Christof Schadt After meeting of positioning sub-group.
(christof.schadt@brainlab.com)
2010/12/03 8 Christof Schadt Preparation for meeting at NEMA HQ
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(christof.schadt@brainlab.com)
2012/02/20 13 Christof Schadt Brussels workshop:
(christof.schadt@brainlab.com) - Adapted Module tables to Supp 147 convention
- Deleted Module overview tables as they are just copies
from Supp 147 and thus were already outdated
- Clean-up of chapters in Registration Instruction
- Turned Defined Terms and Enumerated Values in Module
Tables to Codes. Not yet done for macros, as these are
rather unstable right now.
2012/06/12 14 Christof Schadt First Read with WG-06 in Berlin.

(christof.schadt@brainlab.com)

Supplement Number 160 was assigned.
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Open Issues

# Item

1 Should the Actual Treatment Position Sequence (30xx,) in Radiation Set Delivery
Module from Supp 147 be linked somehow to the positioning instructions? Or is this
done inherently by a managing instance (TSM)?

3 Does there have to be a sequence in the Monitoring Instruction? How does IHE-RO
define this? Should there be several I0ODs or one |OD with a sequence of items?

4 Create Equipment State 10D based on Supp 147 macros.
Started: attribute table started, content is still missing

Update of chapter Z.2 with new document version.

Position verification during beam-on. Not related to setup beam, therefore, separate
instruction? (UBU)

9 Check if there is the possibility to perform position verification “out of place”, e.g. a CT
scanner that is used for imaging.

10 Introduce the possibility to use a generic positioning technique, e.g. for new devices of
which details are not yet known.
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Closed Issues

Registration Instruction

Add RT Accessory Device Identification Macro of Supp 147 to RT Patient Position Setup
Reference Acquisition Instruction for imaging devices such as graticules.

Add Treatment Region IOD

Clean-up of imaging geometry and technique parameters

Clinical Process Role Macro

Introduced RT Patient Position Setup Reference Acquisition Geometry Module

8 Add two instances of the Patient Support Macro to RT Patient Position Modification
Result Module: one for absolute start and one for absolute stop values (no delta values).
(UBU)

5 Include WhitePaper on isocenters in chapter Z.
CSH: Not Done: new positions in patient space are sufficiently handled in Supplement
147.

2 What's about imaging positions versus actual treatment positions? Have we covered this
already?

CSH: Yes, this is covered within the Geometric Parameters Macro. This contains a the
Patient Setup Acquisition Position Sequence.
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Scope and Field of Application

This Supplement specifies the additional IODs necessary to support patient positioning and
verification to the Second Generation Radiotherapy object framework.

See Supplement 147. For document management and resource reasons, patient positioning and
workflow instructions have been split out into the current document.

Add list of IODs with explanation
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2 Add new SOP Classes to PS3.2 Table A.1-2 UID Values.

UID Value UID Name Category
1.2.840.10008.5.1.4.1.1.481.XN.1 Registration Instruction Storage Transfer
1.2.840.10008.5.1.4.1.1.481.XN.2 RT Patient Position Setup Reference Transfer
Acquisition Geometry Storage
1.2.840.10008.5.1.4.1.1.481.XN.3 RT Patient Position Setup Reference Transfer
Acquisition Instruction Storage
1.2.840.10008.5.1.4.1.1.481.XN.4 RT Patient Position Correction Transfer
Instruction Storage
1.2.840.10008.5.1.4.1.1.481.XN.5.1 RT Patient Position Modification Transfer
Instruction Storage
1.2.840.10008.5.1.4.1.1.481.XN.5.2 RT Patient Position Modification Result | Transfer
Storage
1.2.840.10008.5.1.4.1.1.481.XN.6.1 RT Patient Position Monitoring Transfer
Instruction Storage
1.2.840.10008.5.1.4.1.1.481.XN.6.2 RT Patient Position Monitoring Result Transfer
Storage
1.2.840.10008.5.1.4.1.1.481.XN.6.3 RT Patient Position Monitoring Transfer
Stopping Instruction
1.2.840.10008.5.1.4.1.1.481.XN.7 Treatment Region Transfer
1.2.840.10008.5.1.4.1.1.481.XN.8 RT Device State Transfer
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2 | Add the following columns in PS3.3 Section A.1.4, Table A.1-3 COMPOSITE INFORMATION OBJECT MODULES OVERVIEW —

RADIOTHERAPY
4
10Ds Registration| RT Patient RT Patient RT Patient RT Patient RT Patient RT Patient RT Patient RT Patient Treatment RT Device
Modules Instruction Position Position Position Position Position Position Position Position Region State
Setup Setup Correction | Modification | Monitoring Monitoring | Modification | Monitoring
Reference Reference Instruction Instruction Instruction Stopping Result Result
Acquisition | Acquisition Instruction
Geometry Instruction
Patient M M M M M M M M M M M
Clinical Trial Subject U U U U U U U U U U U
General Study M M M M M M M M M M M
Patient Study u u u u u u u u u u u
Clinical Trial Study U U U U U U U U U U U
Study Content
General Series M M M M M M M M M M M
Clinical Trial Series U U U U U U U U U U U
Enhanced RT Series
Frame Of Reference M
General Equipment M M M M M M M M M M M
Enhanced General Equipment M M M M M M M M M M M

...all intervening table rows...

Registration Instruction
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10Ds
Modules

Registration

RT Patient

RT Patient

RT Patient

RT Patient

RT Patient

RT Patient

RT Patient

RT Patient

Treatment

RT Device

Instruction

Position

Position

Position

Position

Position

Position

Position

Position

Region

Setup
Reference

Setup

Correction

Modification

Monitoring

Monitoring

Modification

Monitoring

Reference

Instruction

Instruction

Instruction

Acquisition

Acquisition

Geometry

Instruction

Stopping

Instruction

Result

Result

State

RT Patient Position Setup

Reference Acquisition

Geometry

RT Patient Position Setup

Reference Acquisition

Instruction

RT Patient Position Correction

Instruction

RT Patient Position

Modification Instruction

RT Patient Position Monitoring
Instruction

RT Patient Position Monitoring

Stopping Instruction

RT Patient Position

Modification Result

RT Patient Position Monitoring

Result

Treatment Region

RT Device State

Common Instance Reference

SOP Common
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Add the following at the end of PS3.3 Annex A:
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Add the following sections at end of PS3.3 Annex A, replacing the section added by Supplement
74:

A.tt.1 Patient Position Setup Reference Acquisition Geometry IOD Module Table
A.tt.1.1 Patient Position Setup Reference Acquisition Geometry IOD Description
The Patient Position Setup Reference Acquisition Geometry carries the information for setup
planning.

A.tt.1.2 Patient Position Setup Reference Acquisition Geometry IOD Entity-
Relationship Model

See Figure A.VV-1.

A.tt.1.3 Patient Position Setup Reference Acquisition Geometry IOD Module Table

Table A.tt.1-1
PATIENT POSITION SETUP REFERENCE ACQUISITON GEOMETRY I0OD MODULES

IE Module Reference Usage
Include Table A.VV.1-1- RT Second Generation I0OD Modules Macro

RT Patient Patient Position C.8.A.A3 M
Position Reference Acquisition
Reference Geometry

Acquisition

A.tt.2 Registration Instruction
A.tt.2.1 Registration Instruction 10D Description
The Registration Instruction IOD contains for a registration of two data sets.

A.tt.2.2 Registration Instruction 10D Entity-Relationship Model
See Figure A.VV-1.

A.tt.2.3 Registration Instruction 10D Module Table

Table A.tt.2-1
REGISTRATION INSTRUCTION IOD MODULES
IE Module Reference Usage
Include Table A.VV.23-1- Workflow Instruction IOD Modules Macro
Registration Registration Instruction C.8.A.A2 M

A.tt.3 Patient Position Setup Reference Acquisition Instruction
A.tt.3.1 Patient Position Setup Reference Acquisition Instruction IOD Description

The Patient Position Setup Reference Acquisition Instruction 10D contains all parameters needed
to acquire actual patient position parameters.
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A.tt.3.2 Patient Position Setup Reference Acquisition Instruction 10D Entity-
Relationship Model

See Figure A.VV-1.

A.tt.3.3 Patient Position Setup Reference Acquisition Instruction 10D Module Table
Table A.tt.3-1
PATIENT POSITION SETUP REFERENCE ACQUISITON INSTRUCTION 10D MODULES
IE Module Reference Usage
Include Table A.VV.23-1- Workflow Instruction IOD Modules Macro
RT Patient Patient Position C.8.A.A4 M
Position Reference Acquisition
Reference Instruction
Acquisition

A.tt.4 Patient Position Correction Instruction

A.tt.4.1 Patient Position Correction Instruction 10D Description

The Patient Position Correction Instruction IOD contains all parameters needed to perform the
correction of patient's position.

A.tt.4.2 Patient Position Correction Instruction 10D Entity-Relationship Model

See Figure A.VV-1.

A.tt.4.3 Patient Position Correction Instruction IOD Module Table

Table A.tt.4-1
PATIENT POSITION CORRECTION INSTRUCTION 10D MODULES

IE Module Reference Usage

Include Table A.VV.23-1- Workflow Instruction IOD Modules Macro

RT Patient Patient Position C.8.A.A5 M
Position Correction Instruction
Correction

A.tt.5 Patient Position Modification Instruction
A.tt.5.1 Patient Position Modification Instruction IOD Description

The Patient Position Modification Instruction 10D contains all parameters needed to perform the
modification of patient's position by submitting the total or partial shift to a patient positioning
device.

A.tt.5.2 Patient Position Modification Instruction 10D Entity-Relationship Model
See Figure A.VV-1.

A.tt.5.3 Patient Position Modification Instruction IOD Module Table

Table A.tt.5-1
PATIENT POSITION MODIFICATION INSTRUCTION IOD MODULES
IE Module Reference Usage

Include Table A.VV.23-1- Workflow Instruction IOD Modules Macro
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RT Patient Patient Position C.8.A.A6 M
Position Modification Instruction
Modification

A.tt.6 Patient Position Modification Result

A.tt.6.1 Patient Position Modification Result IOD Description

The Patient Position Modification Result IOD contains the result of a modification of the patient's
position performed by a patient positioning device.

A.tt.6.2 Patient Position Modification Result IOD Entity-Relationship Model

See Figure A.VV-1.

A.1t.6.3 Patient Position Modification Result IOD Module Table

Table A.tt.6-1
PATIENT POSITION MODIFICATION RESULT IOD MODULES
IE Module Reference Usage
Include Table A.VV.23-1- Workflow Instruction IOD Modules Macro
RT Patient Patient Position C.8.A.A7 M
Position Modification Result
Modification

A.tt.7 Patient Position Monitoring Instruction

A.tt.7.1 Patient Position Monitoring Instruction 10D Description

The Patient Position Monitoring Instruction 10D contains all parameters to instruct a patient
monitoring device to start monitoring the patient position.

A.tt.7.2 Patient Position Monitoring Instruction 10D Entity-Relationship Model
See Figure A.VV-1.

A.tt.7.3 Patient Position Monitoring Instruction IOD Module Table

Table A.tt.7-1
PATIENT POSITION MONITORING INSTRUCTION IOD MODULES
IE Module Reference Usage
Include Table A.VV.23-1- Workflow Instruction IOD Modules Macro
RT Patient Patient Position C.8.A.A8 M
Position Monitoring Instruction
Monitoring

A.tt.8 Patient Position Monitoring Result

A.tt.8.1 Patient Position Monitoring Result IOD Description

The Patient Position Monitoring Instruction IOD contains the result of a monitoring action. Any
actual patient position as a result of the monitoring is not conveyed in this IOD.

A.tt.8.2 Patient Position Monitoring Result IOD Entity-Relationship Model

See Figure A.VV-1.
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A.1t.8.3 Patient Position Monitoring Result IOD Module Table
Table A.tt.8-1
PATIENT POSITION MONITORING RESULT IOD MODULES
IE Module Reference Usage
Include Table A.VV.23-1- Workflow Instruction IOD Modules Macro
RT Patient Patient Position C.8.A.A9 M
Position Monitoring Result
Monitoring

A.tt.9 Patient Position Monitoring Stopping Instruction

A.tt.9.1

Patient Position Monitoring Stopping Instruction IOD Description

The Patient Position Monitoring Instruction IOD contains the instruction to a patient monitoring
device to end monitoring of the patient position.

A.tt.9.2
Model

Patient Position Monitoring Stopping Instruction 10D Entity-Relationship

See Figure A.VV-1.

A.1t.9.3 Patient Position Monitoring Stopping Instruction IOD Module Table
Table A.1t.9-1

PATIENT POSITION MONITORING STOPPING INSTRUCTION IOD MODULES
IE Module Reference Usage

Include Table A.VV.23-1- Workflow Instruction IOD Modules Macro

RT Patient Patient Position C.8.A.A10 M

Position Monitoring Stopping

Monitoring Instruction

A.tt.10 Treatment Region 10D Module Table

A.tt.10.1

Treatment Region IOD Description

The Treatment Region 10D contains specifications for a treatment region which can be a
Conceptual Volume, .

A.tt.10.2

See Figure A.VV-1.

Treatment Region IOD Entity-Relationship Model

A.tt.10.3 Treatment Region IOD Module Table
Table A.tt.10-1
TREATMENT REGION I0D MODULES
IE Module Reference Usage
Include Table A.VV.1-1- RT Second Generation IOD Modules Macro
Frame of Frame of Reference C.7.41 M
Reference
Treatment Treatment Region C.8.A.A1 M
Region
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A.tt.11 RT Device State IOD Module Table
A.tt.11.1 RT Device State 10D Description

The RT Device State IOD contains actual parameters of an RT Device used for patient positioning

or treatment.

A.tt.11.2 RT Device State 10D Entity-Relationship Model
See Figure A.VV-1.

A.tt.11.3 RT Device State IOD Module Table

Table A.tt.11-1
RT DEVICE STATE 10D MODULES

IE Module Reference Usage
Include Table A.VV.1-1- RT Second Generation I0OD Modules Macro
RT Device RT Device State C.8.A.A11 M
State
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Add the following sections at end of PS3.3 Annex A
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Add the following to PS3.3 Annex C:

C.8.A Second Generation Radiotherapy Modules

C.8.A.1

C.8.A.1.1 Geometric Parameters Macro

Second Generation Radiotherapy General-Purpose Macros

The Geometric Parameters Macro contains all parameters that describe the geometry of a device

acquiring a patient position reference.

Table C.8.A.1.1-1
Geometric Parameters Macro Description

Attribute Name Tag

Type

Attribute Description

Geometric Parameters
Sequence

(30xx,) 3

Sequence describing geometric parameters of
related devices.

>Acquisition Protocol
Name

(0018,9423) 1C

User defined name of the protocol used to
acquire this data.

Required if acquisition technique parameters
are identified by a protocol.

>Acquisition Protocol
Description

(0018,9424) 2C

User defined description of the protocol used to
acquire this data.

Required if acquisition technique parameters
are identified by a protocol.

Sequence

>Acquisition Device (30xx,) 3 Sequence describing geometry of related
Geometry Sequence reference acquisition devices.
>>|lmage Parameters (30xx,) 1C | Required if Acquisition Geometry Type (30xx,)

is PLANAR or FLUORO.

>>>Include Image Parameters Macro, Table C.8.A.1.2-1

Type

>>lonizing Radiation (30xx,) 1C | Sequence describing geometry parameters of

Transmission Imaging a radiation imaging device.

Geometry Sequence Required if Acquisition Technique (30xx,) is
ANY_VOLTAGE, KILO_VOLTAGE or
MEGA_VOLTAGE.

>>>Radiation Imaging (30xx,) 1 Detailing the Acquisition Technique (30xx,) for

radiation imaging.

Enumerated Values:
2D - plain image
3D - volumetric set
4D - ...

>>>Include General Radiation Imaging Geometry

Macro, Table C.8.A.1.3-1

>>>Include 2D Radiation Imaging Geometry
Macro, Table C.8.A.1.4-1

Required if Radiation Imaging Type is 2D. Shall
not be present otherwise.

>>>Include 3D Radiation Imaging Geometry
Macro, Table C.8.A.1.5-1

Required if Radiation Imaging Type is 3D or
4D. Shall not be present otherwise.

>>>Include 4D Radiation Imaging Geometry
Macro, Table C.8.A.1.5-1

Required if Radiation Imaging Type is 4D. Shall
not be present otherwise




sup160_14.doc: Supplement XXX: Second Generation Radiotherapy Patient Positioning & Workflow I0Ds

Page 22

Attribute Name

Tag

Type

Attribute Description

>>Ultrasound Image
Geometry Sequence

(30xx,)

1C

Sequence describing geometry parameters of
an ultrasound imaging device.

Required if Acquisition Technique (30xx,) is
ULTRASOUND.

>>>Include Ultrasound G

eometry Macro,

Table C

8.A.1.6-1

>>Radiofrequency
Device Geometry
Sequence

(30xx,)

1C

Sequence describing geometry parameters of
a device based on radiofrequency marker
detection.

Required if Acquisition Technique (30xx,) is
RADIOFREQUENCY.

>>>Include Radiofrequency Geometry Macro, Table C.8.A.1.7-1

>>Surface Model
Geometry Sequence

(30xx,)

1C

Sequence describing geometry parameters of
a deviced based on surface scanning.
Required if Acquisition Technique (30xx,) is
SURFACE_SCANNING.

>>>Include Surface Scanning Geometry Macro, Table C.8.A.1.8-1

Reference UID

>Patient Setup (30xx,) 3 Sequence describing patient positions required
Acquisition Position for the acquisition of a patient reference.
Sequence One or more items may be present.
>>Equipment Frame of (30xx,51A0) 1 Frame of Reference identifier for the Treatment

Delivery Device. See C.8.A.E1.1.2.

>>Include ‘Patient to Equipment Transformation Macro’ Table C.8.A.1.28-1

>Referenced Treatment
Region 10D

(30xx,)

3

Referenced Treatment Region may be used for
emergency treatments or other fancy stuff.

>>Include ‘SOP Instance Reference Macro’ Table 10-8

C.8.A.1.2

Acquisition Technique Macro

The Acquisition Technique Macro contains all parameters that describe parameters required for a
certain acquisition technique of a device acquiring a patient position reference.

Table C.8.A.1.2-1
Acquisition Technique Macro Description

Attribute Name Tag Type Attribute Description
Acquisition Technique (30xx,) 3 Sequence describing acquisition-specific
Sequence parameters.
>Acquisition Protocol (0018,9423) 1C | User defined name of the protocol used to
Name acquire this data.
Required if acquisition technique parameters
are identified by a protocol.
>Acquisition Protocol (0018,9424) 2C | User defined description of the protocol used to

Description

acquire this data.
Required if acquisition technique parameters
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Attribute Name Tag Type Attribute Description
are identified by a protocol.
>lonizing Radiation (30xx,) 1C | Paramaters for acquisition techniques based

Image Acquisiton
Parameters Sequence

on radiation images.

Required if Acquisition Protocol Name
(0018,9423) is not present and Acquisition
Technique (30xx,) is ANY_VOLTAGE,
KILO_VOLTAGE or MEGA_VOLTAGE.

>>Include General Radiation Image Acquisition Parameters Macro, Table C.8.A.1.10-1

>>Include kV Radiation Image Acquisition
Parameters Macro, Table C.8.A.1.11-1

Required if Acquisition Technique (30xx,) is
KILO_VOLTAGE. May be present if Acquisition
Teqchnique is ANY_VOLTAGE.

>>Include MV Radiation Image Acquisition

Parameters Macro, Table C.8.A.1.12-1

Required if Acquisition Technique (30xx,) is
MEGA_VOLTAGE. May be present if
Acquisition Teqchnique is ANY_VOLTAGE.

>Ultrasound Image
Acquisition Parameters
Sequence

(30xx,)

1C

Parameters for acquisition technique based on
ultrasound imaging.

Required if Acquisition Protocol Name
(0018,9423) is not present and Acquisition
Technique (30xx,) is ULTRASOUND. Shall not
be present otherwise.

>>Include Ultrasound Image Acquisition Parameters Macro, Table C.8.A.1.13-1

>Radiofrequency (30xx,) 1C | Parameters for acquisition technique based on

Acquisition Parameters radiofrequency markers.

Sequence Required if Acquisition Protocol Name
(0018,9423) is not present and Acquisition
Technique (30xx,) is RADIOFREQUENCY.
Shall not be present otherwise.

>>Include Radiofrequency Acquisition Parametesr Macro, Table C.8.A.1.14-1

>Surface Scanning (30xx,) 1C | Parameters for acquisition technique based on

Acquisition Parameters
Sequence

surface scanning.

Required if Acquisition Protocol Name
(0018,9423) is not present and Acquisition
Technique (,) is SURFACE_SCANNING. Shall
not be present otherwise.

>>Include Surface Scanning Acquisition Parameters Macro, Table C.8.A.1.15-1

>Fluoroscopic
Acquisition Parameters
Sequence

(30xx,)

1C

Parameters for acquisition techniques that
utilize fluoroscopic imaging.

Required if Acquisition Protocol Name
(0018,9423) is not present and Acquisition
Geometry Type (30xx,) is FLUORO. Shall not
be present otherwise.

>>Include Fluoroscopic Acquisition Parameter Macro, Table C.8.A.1.9-1

>RT Accessory Device
Sequence

(80xx,1349)

1C

Required if RT Accessory Devices are to be
used during patient position acquisition. One or
more items shall be present.
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Attribute Name | Tag | Type

Attribute Description

>>Include ‘RT Accessory Device Identification
Macro’ Table C.8.A.2.6-1(Supplement 147)

Defined Context ID

>Acquisition Device- (30xx,) 3
Specific Parameters

User-specified device-specific parameters that
describe how the imager will acquire the
image.

>>Include Content Item Macro Table 10-2

No Baseline Context ID defined.

C.8.A.1.3 Image Parameters Macro

Table C.8.A.1.3-1
Image Parameters Macro Description

Attribute Name Tag Type Attribute Description
Rows (0028,0010) 3 Number of rows in the image.
Columns (0028,0011) 3 Number of columns in the image
Pixel Spacing (0028,0030) 3 Physical distance in the patient between the

center of each pixel, specified by a numeric
pais — adjacent row spacing (delimiter)
adjacent column spacing, in mm. See 10.7.1.3
for further explanation of the value order.

C.8.A.1.4 General Radiation Imaging Geometry Macro

Table C.8.A.1.4-1
General Imaging Geometry Macro Description

Attribute Name Tag Type Attribute Description
Imaging Source Angle (30xx,) 3 X-Ray Source Angle i.e. orientation of IEC X-
RAY IMAGE RECEPTOR coordinate system
with respect to IEC GANTRY coordinate
system (degrees).
Pitch Angle (30xx,)

X-Ray Image Receptor (3002,000D) 3
Translation

Position in (x,y,z) coordinates of origin of IEC
X-RAY IMAGE RECEPTOR System in the IEC
GANTRY coordinate system (mm).

X-Ray Image Receptor (3002,000E) 3
Angle

X-Ray Image Receptor Angle i.e. orientation of
IEC X-RAY IMAGE RECEPTOR coordinate
system with respect to IEC GANTRY
coordinate system (degrees).

SAD (3002,0022) 3 Radiation source to Gantry rotation axis
distance of radiation machine used in acquiring
image (mm).

Aperture Mode (30xx,) 3 Defines mode of field aperture definition for

imaging.
Enumerated Values:
OPEN

DELTA
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TREATMENT_FIELD
ABSOLUTE

IOD Sequence

Jaw Delta X (30xx,) 2C | Required if Aperture Mode (30xx,) is DELTA.
Shall not be present otherwise.

Jaw Delta Y (30xx,) 2C | Required if Aperture Mode (30xx,) is DELTA.
Shall not be present otherwise.

Aperture Dimension (30xx,) 1C | Required if Aperture Mode (30xx,) is

Sequence ABSOLUTE. Shall not be present otherwise.
Only one item shall be present.

>Include 'Outline Definition Macro', Table C.8.A.1.16-1 (Supplement 147)

Referenced Radiation 1C | Shall be included in the Referenced Radiation

Sequence within the Referenced Radiation Set
Sequence in this module.

Only one item shall be present.

Required if Aperture Mode is
TREATMENT_FIELD.

>Include SOP Instance
Reference Macro

C.8.A.15

2D Radiation Imaging Geometry Macro

Table C.8.A.1.5-1
2D Radiation Imaging Geometry Macro Description

| Attribute Name

Tag

[ Type |

Attribute Description

C.8.A.1.6

3D Radiation Imaging Geometry Macro

Table C.8.A.1.6-1
3D Radiation Imaging Geometry Macro Description

Attribute Name Tag Type Attribute Description
Imaging Source Stop (30xx,8203) 3 Imaging source angle for stop of acquisition,
Angle i.e. orientation of IEC GANTRY coordinate
system with respect to IEC FIXED
REFERENCE coordinate system (degrees).
Required if Trajectory (30xx,8201) is CUSTOM.
Describe that start angle can be found in
General Radiation Imaging Geometry Macro.
Imaging Source (30xx,8204) 3 Direction of rotation of the source.
Rotation Direction Enumerated Values:
CW = clockwise
CC = counter clockwise
Imaging Source (30xx,8201) 3 Scan Range of the image acquisition
Trajectory Enumerated Values:
FULL_RANGE full scan range (360°)
HALF_RANGE half scan range (180°)
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CUSTOM user defined scan range
Fan Type (30xx,8205) 3 Fan type of acquisition.
Enumerated Values:
FULL = full fan, detector is centered (small
scan field of view)
HALF = half fan, detector is laterally shifted to
increase the scan field of view.
FOV (30xx,8207) 3 The x and y size of the field of view used for
acquisition.
Coordinate system?
Slice Thickness (0018,0050) 3 Nominal slice thickness, in mm.

Scan Dimension

TODO: Reconstruction parameters

C.8.A.1.6

4D Radiation Imaging Geometry Macro

Table C.8.A.1.6-1
4D Radiation Imaging Geometry Macro Description

Attribute Name

Tag

Type

Attribute Description

Number of Samples

(this is the name of
retired attribute
50xx,2006)

(30xx,)

3

Sample Rate

(this is the name of
retired attribute

50xx,2008)

(30xx,)

C.8.A.1.6

Ultrasound Geometry Macro

Table C.8.A.1.6-1
Ultrasound Geometry Macro Description

Attribute Name

Tag

Type

Attribute Description

>Acquisition Device-
Specific Parameters

(30xx,)

3

User-specified device-specific parameters that
describe how the imager will acquire the
image.

>>Include Content Item
Macro Table 10-2

No Baseline
Context ID
defined.

C.8.A1.7

Radiofrequency Geometry Macro

Table C.8.A.1.6-1
Radiofrequency Geometry Macro Description
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Attribute Name Tag Type Attribute Description

0

C.8.A.1.8 Surface Scanning Geometry Macro

Table C.8.A.1.8-1
Surface Scanning Geometry Macro Description

Attribute Name Tag Type Attribute Description

0

C.8.A.1.9 Fluoroscopic Acquisition Parameters Macro

Table C.8.A.1.9-1
Fluroscopic Acquisition Parameters Macro Description

Attribute Name Tag Type Attribute Description
Cine Rate (0018,0040) 3 Number of frames per second.
Number of Frames (0028,0008) 3 Number of frames in a Multi-frame Image.

C.8.A.1.10 General Radiation Image Acquisition Parameters Macro

Table C.8.A.1.10-1
General Radiation Image Acquisition Parameters Macro Description

Attribute Name Tag Type Attribute Description

KVP (0018,0060) 3 Peak kilo voltage output (kV) of X-Ray

generator used to acquire image.

C.8.A.1.12 kV Radiation Image Acquisition Parameters Macro

Table C.8.A.1.11-1
kV Radiation Image Acquisition Parameters Macro Description

Attribute Name Tag Type Attribute Description

Average Pulse Width (0018,1154) 3 Average width of X-Ray pulse in msec.

Radiation Mode (0018,115A) 3 Specifies X-Ray radiation mode. Enumerated
Values:
CONTINUOUS
PULSED

Exposure Time in yS (0018,8150) 3 Duration of X-Ray exposure in psec.

X-Ray Tube Current in (0018,8151) 3 | X-Ray Tube Current in yA.

UA

Bowtie Filter Sequence (30xx,8206) 3 Bowtie filter type of acquisition.

>Include ‘RT Accessory Device Identification Defined Context ID CID SUP147030
Macro’ Table C.8.A.2.6-1(Supplement 147)

C.8.A.1.12 MV Radiation Image Acquisition Parameters Macro

Table C.8.A.1.3-12
MV Radiation Image Acquisition Parameters Macro Description
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Attribute Name Tag Type Attribute Description
Primary Meterset Rate (30xx,5023) 3 (in Supplement 147)
Primary Radiation (30xx,5113) 1C | Required if Primary Meterset Rate is defined.
Dosimeter Unit (in Supp 147)

C.8.A.1.13 Ultrasound Image Acquisition Parameters Macro

Table C.8.A.1.13-1
Ultrasound Image Acquisition Parameters Macro Description

Attribute Name Tag Type Attribute Description

0

C.8.A.1.14 Radiofrequency Acquisition Parameters Macro

Table C.8.A.1.14-1
Radiofrequency Acquisition Parameters Macro Description

Attribute Name Tag Type Attribute Description

0

C.8.A.1.15 Surface Scanning Acquisition Parameters Macro

Table C.8.A.1.15-1
Surface Scanning Acquisition Parameters Macro Description

Attribute Name Tag Type Attribute Description

0

C.8.A.1.16 Clinical Process Role Parameters Macro

The Clinical Process Role Parameters Macro desribes the role of objects in a clinical process.
This macro shall be used in case object instances do not yet exist, but are expected in a workflow
at a later point in time.

Table C.8.A.A1.1-1
Clinical Proces Role Parameters Macro Description

Attribute Name Tag Type Description
Modality (0008,0060) 3 Type of equipment that acquires the data.
Absolute Acquisition (30xx,) 3 Absolute Date and time range when data
Date/Time Range was acquired.
Relative Acquisition (30xx,) 3 Relative Date and time range when data
Date/Time Range was acquired.
Referenced Current Fraction (30xx,) 3 ??
Number
Clinical Process Role Code (30xx,) 3 ?
Retrieve AE Title (30xx,) 3 2?7
Related Instance Reference (30xx,) 1C | One or more items shall be present.
Sequence Required, if related instances are known.
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>Include ‘Hierarchical SOP Instance Reference Macro, Table C.17-3’
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C.8.A.A1 Treatment Region Module
The Treatment Region Module defines a conceptual volume, a bounding box or a coordinate

under treatment.

Table C.8.A1.1-1 TREATMENT REGION MODULE ATTRIBUTES

Attribute Name

Tag

Type

Description

Treatment Region Label

(30xx,)

1

User-defined Treament Region label

Treatment Region Type

(30xx,)

1

Type of Treatment Region
Enumerated Values:

BOUNDING_BOX
VOLUME

Bounding Box Position

(30xx,)

1C

The x, y and z coordinates of the upper
left hand corner of a cuboid bounding
box. Required if Treatment Region Type
(30xx,) is BOUNDING_BOX.

Bounding Box Orientation

(30xx,)

1C

The direction cosines of the x and y
border of a cuboid bounding box with
respect to the patient. Required if
Treatment Region Type (30xx,) is
BOUNDING_BOX.

Bounding Box Dimension

(30xx,)

1C

The width, height and depth values (in
mm) of a cuboid bounding box. Required
if Treatment Region Type (30xx,) is
BOUNDING_BOX.

Conceptual Volume
Reference Sequence

(80xx,1346)

1C

Reference to an anatomy identification.

Required if Treatment Region Type
(30xx,) is VOLUME.

Only one item shall be present.

>Include ‘Conceptual Volume Reference Macro' Table C.8.A.1.4-1 (Supplement 147)
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C.8.A.A2  Registration Instruction Module

The Registration Instruction Module contains information required by a Registration System which
allows it to perform registration operations.

The Registration Instruction Module consists of a sequence of one or more registration tasks
and parameters to be used as input to those tasks.

Table C.8.A.A2-1 REGISTRATION INSTRUCTION MODULE ATTRIBUTES

Attribute Name

Tag

Type

Description

Referenced Data Sequence

(0008,1140)

1

Identifies the data registered in this
sequence item. Two or more items shall
be present.

>Create Fiducials

(830xx,0102)

Indicate if fiducials should be created as
part of the registration process.
Enumerated values:

YES Create the fiducials
NO Don't create the fiducials
See C.8.A.A2.1

>Primary Reference Indicator

(80xx,0104)

Indicate if this is the primary data set to
which the other data sets shall be
registered.

Enumerated values are:
YES Indicates the Primary Image Set

NO Indicates a Secondary Image
Set

There may be one and only one image
set with a value of YES. See C.8.A.A2.2.

>Frame of Reference
Transformation Matrix Type

(0070,030C)

1C

Type of Frame of Reference
Transformation Matrix (3006,00C6).

Defined Terms:
RIGID
RIGID_SCALE
AFFINE

Required if Primary Reference indicator
(30xx,0104) is NO. See C.20.1.2.

>Perform Deformable
Registration

(80xx,0105)

1C

Indicate if a deformable or rigid
transformation should be performed.
Enumerated values are:

YES Perform a deformable registration
NO Perform a rigid registration

Required if Primary Reference Indicator
(30xx,0104) is NO. See C.8.A.A2.3.

>Frame of Reference
Transformation Comment

(3006,00C8)

User description or comments about the
registration.
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Attribute Name Tag Type Description
>Registration Type Code (0070,030D) 2C [ Describes the information input into the
Sequence registration process. Only one item may

be present. Required if Primary
Reference Indicator (30xx,0104) is NO.

>>Include ‘Code Sequence Macro’ Table 8.8-1 Baseline Context ID is 7100
>Referenced Input Instance (30xx,0106) 1C | Introduces a sequence containing
Sequence references to all instances making up the

data set. Required if Input Data
Sequence is not present.

>>Include ‘SOP Instance Reference Macro’ Table 10-8

>Input Data Sequence (30xx,) 1C | Sequence of ltems describing information
that has not yet been created.

Required if Referenced Input Instance
Sequence is not present.

See C.8.A.A2.5.
>>Referenced Frame of (30xx,) 1C | Required if Clinical Process Role
Reference UID Sequence is not present. May be present
otherwise. See C.8.A.A2.6.
>>Clinical Process Role (30xx,) 1C | Required if Referenced Frame of
Parameters Sequence Reference is not present. May be present
otherwise.

>>>Include ‘Clinical Process Role Parameters’ Macro Table

C.8.A.A2.1 Create Fiducial

The Create Fiducial (30xx,0102) attribute indicates if fiducial positions should be established as
part of the registration operation. A value of YES indicates that fiducials should be defined for
each image set and a Spatial Fiducial instance should be created as part of the registration
operation. A value of NO indicates that no fiducials should be created as part of the registration
operation.

C.8.A.A2.2 Primary Reference Indicator

The Primary Reference Indicator (30xx,0104) identifies a referenced data set as the Primary data
set. The Primary data set is the set to which other referenced data sets are to be registered. The
Primary establishes the Registered Coordinate System of the registration operation.

There may be one and only one Primary image set per Registration Task.

A value of YES indicates that the referenced data set is the Primary. A value of NO indicates that
the referenced data set is not primary.

C.8.A.A2.3 Perform Deformable Registration

The Perform Deformable Registration (30xx,0105) attribute specifies if a deformable or rigid
registration should be performed between the secondary and the primary image sets. A value of
YES indicates that a deformable registration shall be performed and the result stored in a
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Deformable Spatial Registration object. A value of NO indicates that a rigid registration shall be
performed and the result stored in a Spatial Registration object.
C.8.A.A2.4 Input Data Sequence

This sequence is used to describe data that has not yet been created, but will be available during
the clinical workflow. An example would be a Cone-beam CT that will be acquired during the
positioning process.

C.8.A.A2.5 Referenced Frame of Reference

FoR could be specified if reference is known up-front. This could be the Frame of Reference of a
FID or a well-known FoR (e.g. stereotactic frame or an anatomy atlas).
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RT Patient Position Acquisition Geometry Module

The RT Patient Position Setup Reference Acquisition Geometry Module contains information
required by a TSM when specifying geometry of a patient position setup reference during the

planning phase.

Table C.8.A.A3-1 RT PATIENT POSITION
ACQUISITION GEOMETRY MODULE ATTRIBUTES

Sequence

Attribute Name Tag Type Description

Patient Position Acquisition (30xx,) 1 Sequence of reference acquisition

Procedure Sequence procedures.

>RT Acquisition Workitem (30xx,) 1

Code Sequence Only one item shall be present.

>>Include ‘Code Sequence Macro’ Table 8.8-1 Defined Context ID C9242 (in
Supplement 74)

>Setup Acquisition Task (30xx,0400) 3 Sequence of items identifying the setup

Sequence references to be acquired. One or more
items may be included in this sequence.

>>Acquisition Technique (30xx,) 2 The acquisition technique used to acquire

a patient position reference.

Only one item shall be present.

>>>Include ‘Code Sequence Macro’ Table 8.8-1

Baseline Context ID is CBABXX5.

>>Acquisition Geometry Type
Sequence

(30xx,)

1C

Defines the geometry type of the
referenced acquisition technique.

Required if Acquisition Technique
Sequence (30xx,) contains either
(127300, CBABXX4, "), (127301,
C8ABXX4, "kilo Voltage"), (127302,
C8ABXX4, "Mega Voltage") or (127304,
C8ABXX4, "Ultrasound")

Shall not be present otherwise.

Only one item shall be present. TODO:
revise this section when it is clear what
Geometry Types are there for RF and
Surface Scanning.

>>>Include ‘Code Sequence Macro’ Table 8.8-1

Baseline Context ID is CBABXX6.

>>Include ‘Geometric Parameters Macro’, Table C.8.A.1.1-1

>>Include ‘Acquisition Technique Macro’, Table C.8.A.1.1-1

>Referenced Radiation Set
Sequence

(30xx,0C02)

2

Sequence of items referencing Radiation
Sets for which setup references are to be
acquired. Zero or more items may be
included in this sequence.

>>Include 'SOP Instance Reference Macro' Table 10-11
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Attribute Name

Tag

Type

Description

>>Referenced Radiation
Sequence

(30xx,0C04)

1C

Sequence of Radiations specifying a
subset of Radiations of the Referenced
Radiation Set. Required if the number of
Referenced Radiations is less than the
number of Radiations contained in the
Referenced Radiation Set. It shall not be
present otherwise.

>>>Include 'SOP Instance Reference Macro' Table 10-11
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RT Patient Position Setup Reference Acquisition Instruction Module

The RT Patient Position Setup Reference Acquisition Instruction Module contains information
required by a Patient Position Verifications System (PPVS) when specifying acquisition of a
patient position setup reference before or during a treatment session.

The RT Patient Position Setup Reference Acquisition Instruction Module consists of a sequence

of one or more acquisition tasks.

TODO: Explain in detail how this relates to C.8.A.A3 and the tasks therein.

Table C.8.A.A4-1 RT PATIENT POSITION
ACQUISITION INSTRUCTION MODULE ATTRIBUTES

Sequence

Attribute Name Tag Type Description

RT Acquisition Workitem (30xx,) 1

Code Sequence

>Include ‘Code Sequence Macro’ Table 8.8-1 Defined Context ID C9242 (in
Supplement 74)

Setup Reference Acquisition (30xx,0400) 1 Sequence of items identifying the setup

Task Sequence references to be acquired. One or more
items may be included in this sequence
(see C.8.a.a1.1).

>Acquisition Technique (30xx,) 1 The acquisition technique used to acquire

Sequence a patient position reference.
Only one item shall be present.

>>Include ‘Code Sequence Macro’ Table 8.8-1 Baseline Context ID is CBABXX4.

>Acquisition Geometry Type (30xx,) 1C | Defines the geometry type of the

referenced.

Required if Acquisition Technique
Sequence (30xx,) contains either
(127301, C8ABXX4, "kilo Voltage"),
(127302, C8ABXX4, "Mega Voltage") or
(127304, C8ABXX4, "Ultrasound") or

(, , “BRF”) or (, , “Surface Model”)
Shall not be present otherwise.
Only one item shall be present.

>>Include ‘Code Sequence Macro’ Table 8.8-1

Baseline Context ID is CBABXX6.

>Include ‘Geometric Parameters Macro’, Table C.8.A.1.

1-1

>Include ‘Acquisition Technique Macro’, Table C.8.A.1.1-1

Referenced Radiation Set
Sequence

(30xx,0C02)

2

Sequence of items referencing Radiation
Sets for which setup references are to be
acquired. Zero or more items may be
included in this sequence.

>Include 'SOP Instance Reference Macro' Table 10-11
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Attribute Name Tag Type Description
>Referenced Radiation (30xx,0C04) | 1C |Sequence of Radiations specifying a
Sequence subset of Radiations of the Referenced

Radiation Set. Required if the number of
Referenced Radiations is less than the
number of Radiations contained in the
Referenced Radiation Set. It shall not be
present otherwise.

>>Include 'SOP Instance Reference Macro' Table 10-11

C.8.A.A4.1 Setup Reference Acquisition Task Sequence Multiplicity

The number of items in the Setup Reference Acquisition Task Sequence is restrained by the RT
Acquisition Workitem Code as follows:

Code Value Code Meaning Number of

(0008,0100) (0008,0104) Sequence ltems
121702 RT Patient Position Acquisition, single plane MV 1
121703 RT Patient Position Acquisition, dual plane MV 2
121704 RT Patient Position Acquisition, single plane kV 1
121705 RT Patient Position Acquisition, dual plane kV 2
121706 RT Patient Position Acquisition, dual plane kV/MV 2
121707 RT Patient Position Acquisition, CT kV 1
121708 RT Patient Position Acquisition, CT MV 1
121709 RT Patient Position Acquisition, Optical ?
121710 RT Patient Position Acquisition, Ultrasound ?
121711 RT Patient Position Acquisition, Spatial Fiducials ?
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RT Patient Position Correction Instruction Module

Table C.8.A.A5-1 RT PATIENT POSITION
CORRECTION INSTRUCTION MODULE ATTRIBUTES

Attribute Name

Tag

Type

Description

Correction Matrix

(30xx,yy12)

1

A 4x4 homogeneous transformation
matrix describing the spatial
correction of the patient’s position.

>Device Transformation Matrix

(30xx,0632)

A 4x4 homogeneous transformation
matrix describing the transformation
between the patient coordinate
system and the device coordinate
system.

Referenced Source of Correction
Sequence

(0070,0404)

References to instances from which
the Correction Matrix (30xx,yy12)
was derived.

>Include Hierarchical SOP Instance Reference Macro Table C.17-3

Acquisition Position Device State
IOD Sequence

(30xx,0640)

1

Device status at the time of patient
position acquisition.

Only one item shall be present.

>Include 'SOP Instance Reference

Macro' Table 10

11

Referenced Radiation 10D
Sequence

(30xx,0610)

1

Sequence describing references to
Radiation IODs for which this patient
position modification is performed.
One or more items may be included
in this sequence.

> Include 'SOP Instance
Reference Macro' Table 10-11
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C.8.A.A6 RT Patient Position Modification Instruction Module
The RT Patient Position Modification Instruction Module

Table C.8.A.A6-1 RT PATIENT POSITION
MODIFICATION INSTRUCTION MODULE ATTRIBUTES

Attribute Name

Tag

Type

Description

Referenced Registration I0D
Sequence

(30xx,0602)

1

Sequence of items specifying
references to an RT Patient Position
Correction Instruction 10D.

Only one item shall be included in
this sequence.

> Include 'SOP Instance Reference Macro' Table 10-11

Patient Position Modification
Instruction Task Sequence

(30xx,0630)

1

Sequence of items specifying patient
position adjustment instructions. One
or more items may be included in this
sequence.

>Patient Position Step Matrix

(30xx,0631)

A 4x4 homogeneous transformation
matrix describing the shift of the
patient’s position that is to be applied
during this patient position
modification. See Note 1.

>RT Tolerance Set Sequence

(30xx,0BA0)

Describes a set of tolerance values to
be applied to the final device position.
Only one item is permitted in this
sequence.

>>Include ‘RT Tolerance Set Macro’ Table C.8.A.E2.2-1

Note 1: For details on transforms and mappings see Annex P of Part 17 “Explanatory

Information”
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RT Patient Position Modification Result Module
The RT Patient Position Modification Result Module

Table C.8.A.A7-1 RT PATIENT POSITION
MODIFICATION RESULT MODULE ATTRIBUTES

Attribute Name

Tag

Type

Description

Referenced RT Patient Position
Modification Instruction Sequence

(30xx,0660)

2

Sequence describing the referenced
RT Patient Position Modification
Instruction 10D.

Only one item shall be included.

> Include 'SOP Instance Reference Macro' Table 10-11

Patient Position Modification
Result Step Sequence

(30xx,0660)

1

Sequence describing the performed
patient position correction. One or
more items may be present.

>Patient Position Step Matrix

(30xx,0631)

A 4x4 homogeneous transformation
matrix describing the relative change
in translation and rotation.

>Single Axis Motion Sequence

(30xx,0660)

Sequence describing the performed
patient position correction for each
degree of freedom.

Six items with one of each of the
Enumerated Values in Degree of
Freedom (30xx,0661) shall be
present.

>>Degree of Freedom Sequence

(30xx,0661)

Degree of freedom for which a
modification was performed.

Only one item shall be present.

>>>Include ‘Code Sequence Macro’ Table 8.8-1

Baseline Context ID is CBABXX?7.

>>Patient Position Modification
Result Sequence

(30xx,0662)

The status how the patient position
modification was performed. See
Note 2.

Only one item shall be present.

>>>Include ‘Code Sequence Macro’ Table 8.8-1

Baseline Context ID is CBABXXS.

>>Patient Position Modification
Cancellation Reason

(30xx,0663)

1C

Reason why Patient Position
Modification Result Status is
not(127601, CBABXXS,
"Completed").

Required if Patient Position
Modification Result is (127602,
C8ABXX8, "Partial Completion") or
(127600, C8BABXX8, "None").

Only one item shall be present.

>>>Include ‘Code Sequence Macro’ Table 8.8-1

Baseline Context ID is CBABXX9.
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Attribute Name

Tag

Type

Description

>>Error Code

(30xx,)

2C

A device-specific code ID describing
an error.

Required if Patient Position
Modification Result is PARTIAL or
NONE.

>>Error Description

(30xx,)

2C

A free-text description of the error.

Required if Patient Position
Modification Result is PARTIAL or
NONE.

>Patient Support Position Start
Values Sequence

(30xx,)

Sequence of items of the actual
Patient Support Position parameters
at which the modification of the
patient position started.

Only one item shall be present.

>>Include ‘Patient Support Position Macro’ Table C.8.A.1.1

1-1.

>Patient Support Position Stop
Values Sequence

(30xx,)

3

Sequence of items of the actual
Patient Support Position parameters
at which the modification of the
patient position stopped.

Only one item shall be present.

>>Include ‘Patient Support Position Macro’ Table C.8.A.1.11-1.

Note 2: If the incoming matrix is the identity matrix, the result shall be COMPLETED.




sup160_14.doc: Supplement XXX: Second Generation Radiotherapy Patient Positioning & Workflow I0Ds

C.8.A.A8

The RT Patient Position Monitoring Instruction Module

Page 42

RT Patient Position Monitoring Instruction Module

Table C.8.A.A8-1 RT PATIENT POSITION
MONITORING INSTRUCTION MODULE ATTRIBUTES

Table 10D

Attribute Name Tag Type Description
Patient Position Monitoring Type (30xx,0711) 1 The type of the monitoring. Only one
Sequence item shall be present.
>Include ‘Code Sequence Macro’ Table 8.8-1 Defined Context ID C8AAXX2
Sampling Frequency (O03A,001A) 2C | Frequency in Hz. Required if Patient

Position Monitoring Type is CYCLIC

or INTERMITTENT.

Monitoring Start Condition (30xx,) 1 Condition under which the monitoring
Sequence starts.

See Note 1.

Only one item shall be present.
>Include ‘Code Sequence Macro’ Table 8.8-1 Baseline Context ID is CBABXX10.
Monitoring Stop Condition (30xx,) 1 Condition under which the monitoring
Sequence stops.

See Note 1.

Only one item shall be present.
>Include ‘Code Sequence Macro’ Table 8.8-1 Baseline Context ID is CBABXX11.
Monitoring Duration (30xx,0712) 1C | Duration of monitoring (in seconds).

Required if Monitoring Stop Condition

is TIMED.

Additional Monitoring Action (30xx,0713) 2 Action to be performed by the
Sequence monitoring device. See Note 1.

Only one item shall be present.
>Include ‘Code Sequence Macro’ Table 8.8-1 Baseline Context ID is CBABXX12.
Referenced Monitoring Threshold | (30xx,0714) 2 Reference to an 10D specifying

thresholds used for monitoring.

> Include 'SOP Instance Reference Macro' Table 10-11

Referenced Radiation 10D
Sequence

(30xx,0620)

3

A reference to a Radiation IOD for
which this Patient Position Monitoring
is instructed.

> Include 'SOP Instance Reference Macro' Table 10-11

Patient Position Monitoring
Technique Sequence

(80xx,0715)

3

The technique used for patient
monitoring. Only one item shall be
present.

>Include ‘Code Sequence Macro’ Table 8.8-1

Defined Context ID C8ABXX3

Include ‘Patient Position Verification Equipment Macro’, Table C.8.A.1.1-1
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Note 1: Any action performed during monitoring that requires real-time functionality is
deliberately not defined by this standard and shall be handled by other
proprietary means.
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C.8.A.A9 RT Patient Position Monitoring Result Module
The RT Patient Position Monitoring Result Module

Table C.8.A.A9-1 RT PATIENT POSITION
MONITORING RESULT MODULE ATTRIBUTES

Attribute Name Tag Type Description
Referenced Patient Position (30xx,0720) 1 Identifies the referenced Patient
Monitoring Instruction Position Monitoring Instruction.
>Include 'SOP Instance Reference Macro' Table C.17-3
Monitoring Result (30xx,0721) 1 Identifies how monitoring was ended.

Defined Terms:
NORMAL
INTERRUPTED
ABORTED
Monitoring Result IOD (30xx,0722) 1C | Resulting IOD. Not required if

Monitoring Result (30xx,0721) is
ABORTED. See Note 1.

>Include 'SOP Instance Reference Macro' Table C.17-3

Note 1: Any additional IODs created during monitoring shall be included in the Output Data
Sequence of the UPS.

C.8.A.A9.1 RT Patient Position Monitoring Result

The result of a Patient Position Monitoring is a Waveform 10D containing translational and
rotational displacement values of the patient’s position relative to the position defined by a
Registration process. Therefore, the Waveform Module contains a Waveform Sequence
(5400,0100) with six channels, three for each of the translational and rotational components of the
displacement:

Channel 1: Label: “Lateral Translation” (in IEC patient coordinate system)
Channel 2: Label: “Longitudinal Translation” (in IEC patient coordinate system)
Channel 3: Label: “Vertical Translation” (in IEC patient coordinate system)
Channel 4: Label: “Lateral Rotation” (in IEC patient coordinate system)
Channel 5: Label: “Longitudinal Rotation” (in IEC patient coordinate system)
Channel 6: Label: “Vertical Rotation” (in IEC patient coordinate system)

The Waveform Annotation Module shall be utilized to describe any event recorded or any action
taken by the Patient Monitoring System. -
C.8.A.A9.2 Concept Name Code Sequence

The Context ID for the Concept Name Code Sequence (0040,A043) within the Waveform
Annotation Module shall be CID C8AAXX1.
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C.8.A.A10 RT Patient Position Monitoring Stopping Instruction Module
The RT Patient Position Monitoring Stopping Instruction Module

Table C.A.A10-1 RT PATIENT POSITION
MONITORING STOPPING INSTRUCTION MODULE ATTRIBUTES

Attribute Name Tag Type Description
Patient Position Monitoring (30xx,0721) 1 Reason for stopping the patient
Stopping Reason position monitoring.
>Include ‘Code Sequence Macro’ Table 8.8-1 Defined Context ID C8AAXX1
Patient Position Monitoring (30xx,0722) 3 User-defined description for reason
Stopping Description stopping the patient position
monitoring.

C.8.A.A11 RT Device State Module

The RT Device State Module contains parameters that describe the current state of an RT Device
used for patient positioning or treatment.

Table C.A.A11-1 RT DEVICE STATE MODULE ATTRIBUTES

Attribute Name Tag Type Description
Treatment Device Parameter (30xx,) 1C | Sequence of items describing the
Sequence actual state of a treatment device.

Required if a treatment device is
creating this I0OD.

Only one item shall be present

>

>

Patient Support Parameter 1C | Sequence of items describing the
Sequence actual state of patient support

system.

Required if a patient support system
is creating this I0OD.

Only one item shall be present
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Part 4 Addendum

2 | Add the following to PS3.4, Appendix B.5, Table B.5-1

SOP Class Name SOP Class UID 10D Spec
(defined in
PS 3.3)

Registration Instruction Storage 1.2.840.10008.5.1.4.1.1.481.XN.1

RT Patient Position Setup Reference 1.2.840.10008.5.1.4.1.1.481.XN.2

Acquisition Geometry Storage

RT Patient Position Setup Reference 1.2.840.10008.5.1.4.1.1.481.XN.3

Acquisition Instruction Storage

RT Patient Position Correction Instruction | 1.2.840.10008.5.1.4.1.1.481.XN.4
Storage

RT Patient Position Modification 1.2.840.10008.5.1.4.1.1.481.XN.5.1
Instruction Storage

RT Patient Position Modification Result 1.2.840.10008.5.1.4.1.1.481.XN.5.2

Storage
RT Patient Position Monitoring Instruction | 1.2.840.10008.5.1.4.1.1.481.XN.6.1
Storage
Storage

Instruction
Treatment Region 1.2.840.10008.5.1.4.1.1.481.XN.7
RT Device State 1.2.840.10008.5.1.4.1.1.481.XN.8
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Part 6 Addendum
2 Add the following data elements to PS3.6:
4 6 Registry of DICOM Data Elements
Tag Name VR VM

(30xx,0101) Registration Task UID Ul 1
(30xx,0102) Create Fiducial CS 1
(30xx,0103) Registered Frame of Reference UID Ul 1
(30xx,0104) Primary Reference Indicator CS 1
(30xx,0105) Perform Deformable Registration CS 1
(30xx,0106) Supplied Fiducials Sequence SQ 0-n

Jaw Delta X

Jaw Delta Y
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Tag Name VR VM
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Add the following data elements to PS3.6, Annex A:

Table A-3

CONTEXT GROUP UID VALUES

Context UID Context
Identifier

Context Group Name
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Add the following to PS3.6 Annex A:

Annex A Registry of DICOM unique identifiers (UID) (Normative)
1.2.840.10008.5.1.4.1.1.481.XN | Registration Instruction Storage SOP Class | PS 3.4
A

1.2.840.10008.5.1.4.1.1.481.XN | RT Patient Position Setup Reference SOP Class | PS3.4
2 Acquisition Geometry Storage

1.2.840.10008.5.1.4.1.1.481.XN | RT Patient Position Setup Reference SOP Class | PS3.4
3 Acquisition Instruction Storage

1.2.840.10008.5.1.4.1.1.481. XN | RT Patient Position Correction SOP Class | PS3.4
4 Instruction Storage

1.2.840.10008.5.1.4.1.1.481. XN | RT Patient Position Modification SOP Class | PS3.4
5.1 Instruction Storage

1.2.840.10008.5.1.4.1.1.481. XN | RT Patient Position Modification Result | SOP Class | PS 3.4
5.2 Storage

1.2.840.10008.5.1.4.1.1.481. XN | RT Patient Position Monitoring SOP Class | PS3.4
.6.1 Instruction Storage

1.2.840.10008.5.1.4.1.1.481.XN | RT Patient Position Monitoring Result SOP Class | PS3.4
6.2 Storage

1.2.840.10008.5.1.4.1.1.481. XN | RT Patient Position Monitoring Stopping | SOP Class | PS 3.4
.6.3 Instruction

1.2.840.10008.5.1.4.1.1.481.XN | Treatment Region SOP Class PS 34
7

1.2.840.10008.5.1.4.1.1.481.XN | RT Device State SOP Class | PS3.4
.8
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Add the following workitem definitions to PS3.16, Annex B:

CID 9231 GENERAL PURPOSE WORKITEM DEFINITION
Context ID 9231

General Purpose Workitem Definition

Type: Extensible Version: yyyymmdd

Coding Scheme Code Value Code Meaning
Designator (0008,0100) (0008,0104)
(0008,0102)

DCM XXXXXX Registration

CID CBAAXX1 PATIENT POSITION MONITORING ANNOTATION
Context ID C8AAXX1
XXX Value Type Definition
Type: Extensible Version: yyyymmdd

Coding Scheme Code Value Code Meaning
Designator (0008,0100) (0008,0104)
(0008,0102)

99SUPXXXFZ 127000 Treatment Started
99SUPXXXFZ 127001 Treatment Stopped
99SUPXXXFZ 127002 Treatment Interrupted
99SUPXXXFZ 127003 Treatment Resumed
99SUPXXXFZ 127004 Beam On
99SUPXXXFZ 127005 Beam Off
99SUPXXXFZ 127006 Beam Hold
99SUPXXXFZ 127007 Beam Hold Resumed
99SUPXXXFZ 127008 Patient Re-positioned
99SUPXXXFZ 127009 Out of Threshold
99SUPXXXFZ 127010 Return within Threshold

CID CBAAXX2 PATIENT POSITION MONITORING TYPE
Context ID CBAAXX2
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XXX Value Type Definition

Type: Extensible Version: yyyymmdd

Page 52

Coding Scheme Code Value Code Meaning
Designator (0008,0100) (0008,0104)
(0008,0102)

99SUPXXXFZ 127100 Contiguous
99SUPXXXFZ 127101 Cyclic
99SUPXXXFZ 127102 Intermittent
99SUPXXXFZ 127103 Manually Triggered

CID C8BABXX3 PATIENT POSITION MONITORING TECHNIQUE

Context ID C8BABXX3

XXX Value Type Definition

Type: Extensible Version: yyyymmdd

Coding Scheme Code Value Code Meaning
Designator (0008,0100) (0008,0104)
(0008,0102)

99SUPXXXFZ 127200 Optical
99SUPXXXFZ 127201 Radiofrequency
99SUPXXXFZ 127202 X-ray
99SUPXXXFZ 127203 Ultrasound
99SUPXXXFZ 127204 Radioactive

CID C8BABXX4 PATIENT POSITION ACQUISITION TECHNIQUE

Context ID CBABXX4

XXX Value Type Definition

Type: Extensible Version: yyyymmdd

Coding Scheme Code Value Code Meaning
Designator (0008,0100) (0008,0104)
(0008,0102)

99SUPXXXFZ 127301 kilo Voltage
99SUPXXXFZ 127302 Mega Voltage
99SUPXXXFZ 127303 Radiofrequency
99SUPXXXFZ 127304 Ultrasound
99SUPXXXFZ 127305 Surface Scanning

Diffusion MRI ???

Perfusion MRI ???




10

12

14

sup160_14.doc: Supplement XXX: Second Generation Radiotherapy Patient Positioning & Workflow I0Ds

CID CBABXX5 PATIENT POSITION GENERIC ACQUISITION TECHNIQUE

Context ID C8ABXX5
XXX Value Type Definition
Type: Extensible Version: yyyymmdd

Page 53

Coding Scheme Code Value Code Meaning
Designator (0008,0100) (0008,0104)
(0008,0102)

99SUPXXXFZ 127306 lonizing Radiation Transmission
MR

Include CID C8ABXX4 Patient Position Acquisition Technique

CID CBABXX6 PATIENT POSITION GEOMETRY TYPE

Context ID C8ABXX6
XXX Value Type Definition
Type: Extensible Version: yyyymmdd

Coding Scheme Code Value Code Meaning
Designator (0008,0100) (0008,0104)
(0008,0102)

99SUPXXXFZ 127400 Planar
99SUPXXXFZ 127401

99SUPXXXFZ 127402 Volume
99SUPXXXFZ 1274083

99SUPXXXFZ 127404

99SUPXXXFZ 127405

CID C8ABXX7 PATIENT POSITION MODIFICATION DEGREE OF FREEDOM

Context ID C8ABXX7
XXX Value Type Definition
Type: Extensible Version: yyyymmdd

Coding Scheme Code Value Code Meaning
Designator (0008,0100) (0008,0104)
(0008,0102)

99SUPXXXFZ 127500 Translation X
99SUPXXXFZ 127501 Translation Y
99SUPXXXFZ 127502 Translation Z
99SUPXXXFZ 127503 Rotation X
99SUPXXXFZ 127504 Rotation Y
99SUPXXXFZ 127505 Rotation Z
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CID C8ABXX8

PATIENT POSITION MODIFICATION RESULT

Context ID C8ABXX8
XXX Value Type Definition
Type: Extensible Version: yyyymmdd

Page 54

Coding Scheme Code Value Code Meaning
Designator (0008,0100) (0008,0104)
(0008,0102)

99SUPXXXFZ 127600 None
99SUPXXXFZ 127601 Completed
99SUPXXXFZ 127602 Partial Completion
99SUPXXXFZ 127603
99SUPXXXFZ 127604
99SUPXXXFZ 127605
CID CBABXX9 PATIENT POSITION MODIFICATION CANCELLATION REASON

Context ID C8ABXX9
XXX Value Type Definition
Type: Extensible Version: yyyymmdd

Coding Scheme Code Value Code Meaning
Designator (0008,0100) (0008,0104)
(0008,0102)

99SUPXXXFZ 127700 Limits Reached
99SUPXXXFZ 127701 No Capability
99SUPXXXFZ 127702 Device Error
99SUPXXXFZ 127703 User Cancelled
99SUPXXXFZ 127704 Tolerance?
99SUPXXXFZ 127705

CID C8ABXX10

MONITORING START CONDITION

Context ID C8ABXX10
XXX Value Type Definition
Type: Extensible Version: yyyymmdd

Coding Scheme Code Value Code Meaning
Designator (0008,0100) (0008,0104)
(0008,0102)

99SUPXXXFZ 127800 Immediately
99SUPXXXFZ 127801 Manual Trigger
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99SUPXXXFZ 127802 External Trigger
99SUPXXXFZ 127803 Prior Treatment Start
99SUPXXXFZ 127804 After Treatment Start

CID C8BABXX11 MONITORING STOP CONDITION

Context ID C8BABXX11
XXX Value Type Definition
Type: Extensible Version: yyyymmdd

Coding Scheme Code Value Code Meaning
Designator (0008,0100) (0008,0104)
(0008,0102)

99SUPXXXFZ 127900 Timed
99SUPXXXFZ 127901 Manual Trigger
99SUPXXXFZ 127902 External Trigger
99SUPXXXFZ 127903 Prior Treatment End
99SUPXXXFZ 127904 After Treatment End
99SUPXXXFZ 127905 Stopping Instruction

CID C8ABXX12 ADDITIONAL MONITORING ACTION

Context ID CBABXX12
XXX Value Type Definition
Type: Extensible Version: yyyymmdd

Coding Scheme Code Value Code Meaning
Designator (0008,0100) (0008,0104)
(0008,0102)

99SUPXXXFZ 1271000 None

99SUPXXXFZ 1271001 Out of Tolerance Interlock
99SUPXXXFZ 1271002 Gating

99SUPXXXFZ 1271003 Tracking

99SUPXXXFZ 1271004

99SUPXXXFZ 1271005

CID C8ABXX13 ADDITIONAL MONITORING RESULT
Context ID C8ABXX13
XXX Value Type Definition
Type: Extensible Version: yyyymmdd
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Coding Scheme Code Value Code Meaning
Designator (0008,0100) (0008,0104)
(0008,0102)

99SUPXXXFZ 1271100 Normal
99SUPXXXFZ 1271101 Interrupted
99SUPXXXFZ 1271102 Aborted
99SUPXXXFZ 1271103

99SUPXXXFZ 1271104

99SUPXXXFZ 1271105
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Add the following to the table in PS3.16, Annex D:

DICOM CONTROLLED TERMINOLOGY DEFINITIONS (NORMATIVE)
Code Value Code Meaning Definition Notes

TBD
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Add the following workitem definitions to PS3.16, Annex B of Supplement 74:

CID XXXX2 RADIOTHERAPY ACQUISITON WORKITEM DEFINITION
Context ID XXXX2
Radiotherapy Acquisition Workitem Definition
Type: Extensible Version: yyyymmdd
Coding Scheme Code Value Code Meaning
Designator (0008,0100) (0008,0104)
(0008,0102)
DCM 1217xx RT Patient Position Acquisition, Surface
DCM 1217xx RT Patient Position Acquisition, Single Plane
Temporal
DCM 1217xx RT Patient Position Acquisition, Dual Plane Temporal
DCM 1217xx RT Patient Position Acquisition, Spatial Fiducials
Temporal
DCM 1217xx RT Patient Position Acquisition, fluoroscopic MV
DCM 1217xx RT Patient Position Acquisition, fluoroscopic kV
DCM 1217xx RT Patient Position Acquisition, 4D MV
DCM 1217xx RT Patient Position Acquisition, 4D kV
DCM 1217xx RT Patient Position Acquisition, Double Exposure MV
DCM 1217xx RT Patient Position Acquisition, Accumulated MV

DICOM CONTROLLED TERMINOLOGY DEFINITIONS (NORMATIVE)

Code Value

Code Meaning

Definition

Notes

XXXXXX

Registration

Determination of the spatial
relationship between two of more
image sets representing the same
patient anatomy.
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Part 17 Addendum

Add the following to Supplement 147, PS3.17 Annex Z:

Annex Z Radiotherapy Patient Positioning (Informative)

Z.1 PURPOSE OF THIS ANNEX
TBD
Z.2 NOTES ON TRANSFORMATION MATRICES

Z.2.1 Introduction
TBD

Z.2.2 Background
TBD

Z.2.2.1 Transforming between co-ordinate systems

Given two co-ordinate systems that exist in world space (the reference co-ordinate system), it is
possible to create a transformation matrix which transforms the axes of one co-ordinate system
into another.

In the simplest case, we will assume that the orientations of the two co-ordinate systems is the
same:
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Co-ordinate System A

Co-ordinate System B

World co-ordinate system

2 The transformation matrix which relates the two co-ordinate systems, is a translation of the centre
of one co-ordinate system to the other. The centres of each co-ordinate systems will be specified
4 by two position vectors A = (x4.¥4.24. 1) and B = (x3.¥5.25. 1). Given a point
» = (“x, “y, “z,.1) specific as a 3D position vector in co-ordinate system A, it can be

6 transformed to co-ordinate system B, by first translating it back to the origin of the world co-
ordinate system and then translating it to the centre of co-ordinate system B:

Xp 1 0 0 =x; 10 0 -—x4 Xp
Syl [0 1 0 s 01 0 -y “¥p
g, |=]10 0 1 z; 001 —z A,_.;
1 i 000 1 00 0 1 i
8 translate to B translate back to world

The position vector is now represented in co-ordinate system B and can be transformed (rotated
10  and translated) as required.

In a more complex situation, the co-ordinate systems do not have aligned axes, i.e. co-ordinate
12 system A is rotated in 3DOF relative to co-ordinate system B:
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Co-ordinate System A

Co-ordinate System B

World co-ordinate system

2 The orientations of each co-ordinate systems will be specified by a position vector and a rotation
for each system: T, = (x4.v4.2,. 1L R, = (ay. B ) and Tz = (x5.95.25. 1Ry = (az. B5.v5).

4 Again, given a point p = ( #x,, #y,. “z,.1) specific as a 3D position vector in co-ordinate system
A, it can be transformed to co-ordinate system B, by first translating it back to the original of the

6  world co-ordinate system, removing the rotation of the axes of co-ordinate system A, then rotating

it by the orientation of co-ordinate system B, then translating it to the centre of co-ordinate system

8 B:

“xp] 10 0 x, 0 o7t oo 0 —x, [*
5),;3 0 1 0 y; Rs 0 R, 0 01 0 -y A_yp
. |= 00 1 z -~ 0 ~ 0 00 1 -z Az
1 : 000 1 0o 0o 0 1 o0 0 0 1 0o 0 0 1 :
translate to B rotate to B undo rotation A back to world

10 If we write this functionally we get a more simple representation:
5, — -1im -1 4
p=TsRz Ry Ty P

—1m =1 1

12 It is also important to note that B, T, - = (T4R;)™" which reflects the necessity to always be at
the centre of a co-ordinate system when rotations are applied.

14 The transformation equation could also be written as:

, -1
fp=TsRz (T,R)™ “p
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These transformation matrices can be chained together in any order, to allow the movement
between any set of co-ordinate systems as long as two things are always known: the orientation
of the co-ordinate axes (the pose) and the position of the axes relative to the origin of the world
co-ordinate system (reference co-ordinates).

The composition of the rotation matrices is very important and must adhere to a standard,
otherwise inconsistent results could be obtained. [ref IEC 61217].

Z2.2.2.2 Transformation of correction matrices between patient positioning device co-
ordinate systems

As an illustrative example, we will assume that there are three positioning devices in the system:

A. Couch Pedestal 3DOF VRT, LAT, LNG
B. Table Top 1DOF YAW
C. Head frame 6DOF VRT, LAT, LNG, YAW, PITCH, ROLL

Transforms will also be applied in the order above, first couch translations, then rotation of the
table top, the adjustments of the head frame.

The various co-ordinate systems are shown in the diagram below:

6DOF
Head Frame
S
1DOF Co-ordinage System C
Couch Top
<

Co-ordinate System B

3DOF
Couch Pedestal

Co-ordinate System A

Important: the deltas for each device are in device co-ordinates, not in world co-ordinates.

In this example, a patient position correction needs to be applied, where the pedestal is translated
first in 2DOF, then the table top is rotated in 1DOF and the head frame is finally corrected in
6DOF, as shown below:
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Full 6DOF

adjustment
of frame

7

Rotation in
/O —— the plane of
\ the table top
.4 .
" Translation of
il pedestal in two
directions

The correction for each device is specified as a delta and is applied in the co-ordinates of the

device. This means the rotations for the head frame, do not contain any translations as they are
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about the centre of the head frame’s co-ordinate system. The translation caused by the pedestal
is applied implicitly due to the order in which the transforms are applied.

The following table defines the matrices which define the location of each co-ordinate system and

each correction delta:

Co-ordinate System

Correction Delta

Transform*
A. Pedestal TaRa JAVN
B. Table top TsRp Ag
C. Head frame TcRe Ac

* Transform from World Co-ordinates to the Device Co-ordinates

Each of the co-ordinate system transformation matrices and correction delta matrices are shown

below:
Co-ordinate System Co-ordinate System Correction Delta
Transform Translation | Transform Rotation
A. Pedestal [1 0 0 x,] 0] [Bas Basz Dagz Dagg
01 0 R, 0 Bazs Bazz Bazz Bz
0 0 1 z .0 By Bazz Bazz Daas
0 0 0 14 Lo 0 o0 1 L 0 0 0 1
B. Table top [1 0 0 x5] 0] 8511 8512 Dz s
01 0 » R 0 8z2: Bz Bz Am
00 1 z 0 Bza; Dza; Dpzz Lpa
0 0 0 1 0o 0o 0o 14 0 0 0 1




10

12

sup160_14.doc: Supplement XXX: Second Generation Radiotherapy Patient Positioning & Workflow I0Ds Page 64
C. Head frame 10 0 x 0 Doy Doz Doz Bews
0 1 0 » R 0 Bezy Bezz Bezz Bz
0 0 1 z 0 gy Bz Aoz A

00 0 1 0 0 0 1 0 0 0 1

Using these matrices, we can transform between co-ordinate systems. So to transform the delta

in the head frame co-ordinate system into the couch pedestal co-ordinates we do the following:

*a Xo| [8es Bz Bpz A
AN = Ry Ya R¢ Y By Doz B Bpn
- ~ Z, o zg| |Bcr Bcz Bar Ba

o o o0 10 0 0 1 0 0 0 1

The transform to co-ordinate system C is “undone” by multiplying by its inverse first, then we
multiple by the transform to co-ordinate system A. Now “4_. is the delta for device C in the co-
ordinate system of device A.

If we assign numbers to each of the matrices:

Co-ordinate Co-ordinate System Overall Co-ordinate Inverse Co-ordinate
System Rotation Transform Transform
Translation
A. Pedestal LNG -50cm | LAT Ocm | VRT -25¢cm
1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0
01 0 =50 01 0 0 0 1 0 =50 0 1 0 50
00 1 =25 00 1 0 00 1 -25 0 0 1 25
00 0 1 00 0 1 00 0 1 00 0 1
B. Table top LNG -50cm | LAT Ocm | VRT Ocm
1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0
01 0 =50 01 0 0 0 1 0 =50 0 1 0 50
001 0 00 1 0 001 0 00 1 0
00 0 1 00 0 1 00 0 1 00 0 1
C. Head frame LNG +75cm | LAT Ocm | VRT +5cm | PITCH +3 deg
100 5 1 o o o0]|[rt o 0o 5]t o o -5
01 0 75 0 cos3 sin3 0 0 cos3 sin3 75 0 cos3 —sind —64.974
00 1 0 0 —sin3 cos3 0 0 —sin3 cos3 O 0 sin3 cos3 —37.461
00 0 1 0 0 0 1 0 0 0 1 0 0 0 1

If the delta for device C is defined below for a translation in VRT of 1.4cm, roll of 0.5 degrees and
a yaw of 1.2 degrees:

Bciy Doz Bgs

Bczr Bezz Bea:

Bczr Agr Bga:
0 0 0

=T(0,0 1.4)R(D,

1.2,0.5)
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1 0 0 0] 0 0 0][cos1.2” 0 —sin1.2” 0
101 0 0|0 cos05 sin05 0 0 1 0 0
“l10 0 1 14||0 —sin0.5 cos05 0||sin1? 0 cosi2 0

0o o o 1llo 0 0 1 0 0 0 1

10,9008 0 —0.0209 0
| o 0.9999  0.0087 0
1 o —0.0087 0.9998 1.4

0 0 0 1

Transforming the delta from co-ordinate system C to co-ordinate system A:

X4 ] By Az Bz By
AN = Ry Ya R¢ Y By Doz B Bpn
; oz -2 gy Bgz Bgr A
o o o 14to o o0 1 0 0 0 1
1 0 0 01t 0O 0 -5 0.9998 0 -0.0209 0
_10 1 0 -30|[0 cos3 —sin3 -—64.974 0 0.9999  0.0087 O
0 0 1 =25||0 sin3 cos3 —37.461 0 —0.0087 0.9998 1.4
o o o 1Jlo o 0 1 0 0 0 1
[ 0.9908 0 —0.0209 -5
_|-0.0102 0.8706 -0.4918 -115.6736
- 0 0.4919 0.8704 —61.2482
0 0 0 1

The last column of “4. indicates that a point (as a position vector) at the origin of co-ordinate
system C is (-5, -115.67, -61.25) centimetres away from the centre of co-ordinate system A.

Z.2.2.3 Requirements for patient position correction I0Ds

From the examples in the previous section it is clear that two matrices are required to describe
the correction delta for each separate patient positioning device: the first matrix describes the
orientation and position of the patient positioning device co-ordinates relative to the world (or
reference) co-ordinate system; the second matrix is the correction delta for each patient
positioning device defined in the positioning device’s co-ordinate system.

Therefore, in order to determine the correction delta for each device, an overall system needs
knowledge of the co-ordinate systems of each positioning device, and the order in which the
correction deltas will be applied. This is due to the non-commutative nature of transformation
matrix multiplication.

Z.2 USE CASE ACTORS

The following actors are used in the use cases below: ADD ANY NEW ONES TO SUPP 147
TEXT

* User: Human being controlling the performing of the procedure step.
* Archive: Stores SOP Instances (images, plans, structures, dose distributions, etc).

e Treatment Management System (TMS): Manages worklists and tracks performance of
procedures. This role is commonly filled by an Oncology Information System in the
Oncology Department. Acts as a Worklist UPS-Pull SCP. The TMS has a user interface
which may potentially be located in the treatment delivery control area. In addition, TMS
terminals may be located throughout the institution.

Page 65
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Virtual Simulation System (VSS): A workstation that performs the functions of virtual
simulation (localization, segmentation, and beam placement), often as part of a CT
Simulation System.

Treatment Planning System (TPS): A workstation that performs the functions of
radiotherapy treatment planning. This includes localization, segmentation, beam
placement or optimization, dose calculation, and dose review.

Treatment Delivery System (TDS): Performs the treatment delivery specified by the
worklist, updating a UPS, and stores treatment records and related SOP instances such
as verification images. Acts as a Performing SCU. The TDS user interface is dedicated to
the safe and effective delivery of the treatment, and is located in the treatment control
area, typically just outside the radiation bunker.

Plan Review Station (PRS): A workstation that performs the functions of radiotherapy
treatment planning review. This includes display and review tools for patient anatomy,
beam geometry (where applicable), and dose distributions.

Delivery Review Station (DRS): A workstation that performs the functions of
radiotherapy treatment delivery review. This includes display and review tools for patient
anatomy, beam geometry (where applicable), and planned and delivered dose
distributions.
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Z.3 USE CASES

The current Supplement 74 does not define any feedback back to the TMS in its use cases. We
should handle those cases as an extended functionality and may have to add specification to
Supplement 74 later.

Z.3.1 Patient Positioning Using Managed Workflow
Z.3.1.1 Message Sequencing
WRITE NEW USE CASES USING THIS TEMPLATE

Z2.3.1.2 Transactions and Message Flow

Figure Z.3.1.1-1 Patient Positioning Normal Flow - Message Sequence

TBD: DESCRIBE STEPS IN DIAGRAM
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Z.3.2 Clinical Use Cases

The following sections describe some real-world clinical use cases which are supported
by the I0Ds in this Supplement.

1. Prescription of Treatment Intent

10

12

14

16

18

20

22

24

26

28

30

32

34

36

38

40

42

Pre-condition: Sufficient patient information is available to allow the intent of a
treatment to be documented (typically one or more image sets, and some clinical
patient information including initial diagnosis).

Activity: On a clinical workstation, the clinician reviews any available input data,
including diagnostic image sets for example. He or she then enters information
representing how they would like the patient to be treated, such as target PTV and
CTV, dose constraints, geometric margins, required image sets, and intended
fractionation scheme.

Post-condition: An RT Treatment Intent instance has been created and stored.
Registration for Planning

Pre-condition: Multiple image sets are available, to allow registration for treatment
planning. An RT Treatment Intent instance may also be available to guide the
requirements for the registration process (such as which image sets are to be
registered, and the registration technique to be used). The requirements for the
registration are packaged into the Registration Instruction instance supplied as input
to the registration process.

Activity: On a workstation, the clinician or dosimetrist reviews any available input
data, including optional treatment intent and diagnostic image sets. He or she then
performs a registration of two or more image sets, based upon the instructions in the
Registration Instruction instance and potentially the RT Treatment Intent instance, if
available.

Post-condition: A Spatial Registration or Deformable Spatial Registration instance
has been created and stored. One or more data sets (resampled, truncated ,
concatenated, etc), and/or a Spatial Fiducial instance (specifying fiducials to be used
in then treatment) may also have been created.

3. Segmentation

Pre-condition: Sufficient patient information is available, including diagnostic images,
to allow segmentation for treatment planning. Note: Segmentation may potentially be
performed in multiple steps (e.g. segmentation performed by the clinician followed by
segmentation performed by the dosimetrist). The requirements for the segmentation
are packaged into the Segmentation Instruction instance supplied as input to the
segmentation process.

Activity: On a workstation, the clinician or dosimetrist reviews any available input
data, including treatment intent and diagnostic image sets for example. He or she
then performs a segmentation on one or more image sets, based at least in part
upon the needs expressed in the RT Treatment Intent, if available.

Post-condition: One or more Segmentation or Surface Mesh Segmentation instances
have been created and stored. An RT Segmentation instance has been created,
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which references the segmentation instances and contains additional RT-specific
information such as physical composition, RT interpreted types, etc.

4. CT Simulation

The “Prescribing Treatment Intent” use case has usually been performed and an RT
Treatment Intent instance is therefore available; Diagnostic images and any
previously generated Segmentation and Registration instances necessary for
planning may be available. Additional requirements for the simulation are packaged
into a RT Simulation Instruction instance supplied as input to the simulation process.

Activity: On a workstation, the clinician or dosimetrist reviews any available input
data, including treatment intent and diagnostic image sets for example.
Segmentation may be integrated into this simulation process. He or she then
identifies one or more treatment isocenters or reference points, may select beam
orientations and field sizes, place blocks, and may also generate DRRs.

Post-condition: One or more RT Radiation Set instances and associated <RT Beam>
instances have been created and stored, containing the specified isocenters and
beam geometry. One or more RT Image instances representing generated DRRs
may also have been created and stored. Segmentation and registration instances
may have been created and stored. Q DO WE NEED A GEOMETRIC BEAM AND
GEOMETRIC RADIATION SET?

5. External Beam Treatment Planning (with two different groups of beams)

Pre-condition: The “Prescribing Treatment Intent” use case has usually been
performed and an RT Treatment Intent instance is therefore available; Diagnostic
images and any Segmentation and Registration instances necessary for planning
are available. In the case of adaptive planning, additional requirements for planning
may be packaged into a Planning Instruction instance supplied as input to the
planning process.

Activity: Optimization constraints may be modified. The isocenter position may be
modified. Patient setup is determined for dosimetric purposes (e.g. bolus may be
added, and positioning devices selected). Beams may be placed (for forward
planning and some IMRT planning approaches). Dose is calculated and evaluated.

Post-condition: The following instances are generated: An RT Dosimetric Objectives
instance describing the constraints used in generating the actual plan; An RT
Radiation Set instance referencing one or more beams that are delivered together to
achieve a particular dosimetric goal; A second RT Radiation Set instance referencing
one or more beams that are treated together to achieve a second dosimetric goal; A
pool of referenced <RT Beam> instances used by the two radiation sets; An RT
Fractionation instance describing how the two RT Radiation Set instances are
combined and scheduled to give the desired fractionation; One or more RT Patient
Setup instances describing how the patient is positioned for the <RT Beam>
instances; One or more RT Dose Image, RT Dose Histogram or RT Dose Samples
instances representing either total calculated dose, or dose for a particular RT
Radiation Set instance.

Note: An RT Radiation Set represents a set of beams or catheters that are delivered
together, and typically summed together dosimetrically. This concept is sometimes
referred to as a “fraction” elsewhere (where multiple fractions may be delivered in a
single treatment “session”), although “fraction” is used as a synonym for “session”
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also. An RT Radiation Set references a set <RT Beam> or <RT Catheter> instances,
and also specifies the planned number of fractions to be delivered, the planned
interval required between fractions, and the planned dose and radiation meterset for
each <RTBeam> or <RT Catheter> in the fraction.

6. Standalone Dose Computation

Pre-condition: Diagnostic images and any Segmentation and Registration instances
necessary for planning are available. One or more RT Radiation Set instances and
associated <RT Beam> or <RT Catheter> instances are available, describing the
geometric properties and weightings of the beams or catheters to be calculated. One
or more RT Patient Setup instances are also available, describing the patient
positioning information relevant to the RT Radiation Set. Additional requirements for
the dose computation (such as the algorithm to be used) are packaged into a RT
Dose Computation Instruction instance supplied as input to the dose computation
process.

Activity: Dose distributions and potentially dose histograms are calculated by the
standalone dose computation system.

Post-condition: An RT Dose Image instance has been generated and stored. An RT
Dose Histogram instance may also have been created and stored. In addition, new
(enhanced) RT Radiation Set, <RT Beam> or <RT Catheter> instances will also
have been created and stored.

7. Approval

Pre-condition: The current status of patient information requires approval, for
example Segmentation approval, Delivery approval, or Patient Positioning approval.
The requirements for the approval (who, when, how) are packaged into the RT
Approval Instruction instance supplied as input to the approval process.

Activity: On a workstation, the clinician, therapist, dosimetrist, or physicist reviews
the items specified by the RT Approval Instruction instance. He or she approves the
plan for delivery. Digital signing of the approved instances is supported by DICOM
and can be used in this step.

Post-condition: The fact that the specified set of data has been approved for delivery
is recorded in the Treatment Management System.

Delivery Preparation

Pre-condition: Treatment planning has occurred and the necessary approvals have
been obtained.

The Therapist uses the information in the supplied RT Radiation Set instances to
construct a real-world schedule for delivery of the specified treatment sessions,
along with specification of the verification imaging required for each step.

Post-condition: The treatment schedule for the specified delivery is recorded in the
Treatment Management System.

Note: This process is normally performed internally on the Treatment Management
System. It may be performed prior to the start of treatment, or on or after the first day
of treatment. An RT Schedule 10D to support archiving may be required for
unmanaged workflow.
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9.

10.

11.

12.

Patient Setup

Pre-condition: Delivery Preparation has occurred and the patient is available for
setup. The requirements for the patient setup are packaged into the RT Patient
Setup Instruction instance supplied as input to the patient setup process, and the RT
Patient Setup instance relating the intended treatment is also available.

The Therapist uses the information in the supplied RT Patient Setup Instruction and
RT Patient Setup instances to place the patient in the intended treatment position
and configure any specified positioning accessories.

Post-condition: The fact that the patient has been set up for delivery is recorded in
the Treatment Management System.

Patient Position Acquisition

Pre-condition: Patient Setup is complete, and all data is ready for treatment delivery.
The requirements for the patient position acquisition are packaged into the RT
Patient Position Acquisition Instruction instance supplied as input to the positioning
acquisition process.

Activity: On a Position Acquisition Device (PAD) workstation, the operator acquires
patient positioning data (such as images) as specified in the RT Patient Position
Acquisition Instruction instance.

Post-condition: Patient position data such as image instances have been created
and stored.

Patient Position Registration

Pre-condition: Patient Position Acquisition is complete, and all data is ready for a
registration to performed in order to determine the relationship between the actual
and desired patient position. The requirements for the patient position registration
are packaged into the Registration Instruction instance supplied as input to the
positioning registration process.

Activity: On a Position Registration Device (PRD) workstation, the operator performs
a registration as specified in the Registration Instruction instance.

Post-condition: A Spatial Registration instance has been created and stored. One or
more data sets (resampled, truncated , concatenated, etc), and/or a Spatial Fiducial
instance (specifying fiducials to be used in then treatment) may also have been
created.

Patient Position Modification

Pre-condition: Patient Position Acquisition has been performed, Patient Position
Registration is complete if deemed necessary, and all data is ready to allow
adjustment of the patient position into the desired position. The requirements for the
patient position modification are packaged into the Patient Position Modification
Instruction instance supplied as input to the position modification process.

Activity: On a Position Modification Device (PMD), the registration data and Patient
Position Modification Instruction instance are used to adjust the patient position (if
necessary) and indicate that certain shifts and rotations have been applied.
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Post-condition: An RT Patient Position Modification Result instance has been
created and stored. The TMS (or TDS acting as a Workflow SCP) may subsequently
use this information, potentially in combination with adjustments from other devices,
to conclude that the patient is correctly positioned for treatment.

13. Treatment Delivery (external beam)

14.

15.

Pre-condition: The TMS considers the patient to be correctly positioned for
treatment. The requirements for treatment delivery are packaged into the RT Beams
Delivery Instruction instance supplied as input to the treatment process. All other
necessary instances are available: typically these would include one or more RT
Radiation Set instances and associated <RT Beam> instances, etc.

Activity: On a Treatment Delivery Device (TDD), the input instructions and data are
used to deliver the radiation.

Post-condition: The fact that the patient was treated is recorded in the Treatment
Management System. An RT Beams Treatment Record instance has been created
and stored, which contains detailed information on the delivery. Additional
information such as real-time treatment imaging, gating information, or position
monitoring information could also be created and stored following treatment delivery.

Delivery Review

Pre-condition: A treatment delivery has been performed. A number of composite
object instances may be available from the delivery, such as the RT Physician Intent,
RT Patient Setup used for the delivery, RT Radiation Set intended to be delivered,
one or more beam instances, and RT Delivery Session Record. Workflow result
IODs such as RT Patient Position Image Acquisition Results etc may also be
available.

Activity: On a Delivery Review Station, the supplied input data is used to review the
treatment delivery. Coded terminology is used to indicate what type of review is to be
performed.

Post-condition: The fact that the delivery was reviewed is recorded in the Treatment
Management System. Recommendations following review may also be supplied to
the TMS via coded terminology, which may as a result schedule additional steps
such as replanning.

Plan Review

Pre-condition: Treatment Planning has been performed. A number of composite
object instances may be available from the planning process, such as the RT
Physician Intent, and RT Patient Setup intended to be used for the delivery, RT
Radiation Set intended to be delivered, one or more beam instances, and RT Dose

Image.

Activity: On a Plan Review Station, the supplied input data is used to review the
treatment plan. Coded terminology is used to indicate what type of review is to be
performed.

Post-condition: The fact that the plan was reviewed is recorded in the Treatment
Management System. Recommendations following review may also be supplied to
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the TMS via coded terminology, which may as a result schedule additional steps
such as replanning.



