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SPIE Medical Imaging 2003
All day workshop

Monday,  February 17th, 2003
08:30 - 17:30

Speakers: 
Kees Verduin, Chair DICOM WG16
Bob Haworth, DICOM WG16
(David Clunie, co-chair DICOM Committee, editor DICOM Standard)
Daniel J. Valentino, UCLA Laboratory of Neuro-imaging
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Attendees to this technical course will be provided with
valuable information, ensuring:
– a solid understanding of the standard capabilities
– an appreciation for the new concepts introduced to reach

unprecedented level of interoperability between MR acquisition
and image display and processing applications

– examples of new clinical MR applications addressed
– a preview of the testing capabilities provided by the NEMA Test

Tool that will be released later in 2003.

– And more....

KV
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This session is intended for the designers of:
– Image processing workstations,
– PACS reading stations and
– MR Modalities (...CT)

that wish to take advantage of the powerful
capabilities of the

Advanced DICOM MR Image Object

KV
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• Algotec Systems
• Consultant
• ContextVision AB
• DR Systems
• Eastman Kodak Company
• EBM Technologies
• eMed Technologies
• Foothills Medical Center - MRI Centre
• GE Medical Systems
• Hitachi Medical Systems America, Inc.
• INFINITT Co., Ltd.
• Mayo Clinic
• NEMA

• OFFIS-Oldenburger F & E
• Otech, Inc.
• Philips Medical Systems
• RadPharm
• Siemens Medical Solutions
• UCLA
• UCSF Dynamic Neuroimaging
• UltraVisual Medical Systems
• University of Southern California
• USC Medical Center
• Virtual Scopics, LLC
• Vista Imaging Project
• Vital Images, Inc.

KV
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0900 – 0945 Tutorial part 1 a
KV: Features & Benefits 

Clinical Examples 
Concepts of Suppl 49
New MR elements
Multi-frame concept
Image type rationale

0945 – 1030 Tutorial part 1 b
BH: Intro DICOM ViewerTool

Functional groups
Dimensions
MR Timing relationships

DC: by BH Object relationships
1030 - 1100 Break
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KV

1100 - 1200 Tutorial Part 2 
BH Functional grouping/Dimension Exercise
KV Raw Data

MR Spectroscopy
1200 - 1330 Lunch
1330 - 1500 Tutorial part 3
BH Concatenations to split large objects / Relationship to Dimensions

New Image visualization pipeline / Color
Real world values
fMRI example

DC: by BH use of GSPS for trip tracking
DC: virtual Tool requiremens / Implementation experience
1500 - 1545 Break, distribution CD's
1545 - 1730 Tutorial Part 4
DV Implementation experience
DC: virtual DICOM Validator

Questions & Answers, Discussion.
1730 Adjourn
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• Supplement 49 on paper

• CP 319 on paper

• Tool with Test Images on CD
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Advances in DICOM will
Enhance the clinical operation

of MR
Prepared by:

DICOM Working Group 16:
Magnetic Resonance

KV

Presented by:
Kees Verduin, Philips Medical Systems

Bob Haworth, General Electric Medical Systems
David Clunie, PixelMed Publishing

Daniel Valentino, UCLA
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• Many explanations and pictures in this
presentation are based on the introduction
of Supplement 49.

• Although for reference the actual
implementation in the 2003 standard shall
be used (with further reference to emerging
change proposals), it is advised to take good
notice of this introduction.
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• Introduction to the new MR Standard
• Features & Benefits
• Clinical Examples
• Concepts of DICOM Supplement 49
• New MR elements
• Multi-frame concept
• Image Type / Frame Type rationale

KV
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Color

Spectroscopy

Dimensions

Multi-frame

Real World Values

Raw Data

KV
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• New applications  have emerged, which could not be
supported before e.g. diffusion , fMRI ....

• Too many private elements hamper interoperability
• Data explosion in multi image acquisitions >60,000 gives huge

overhead in image headers
• Functional images: dynamic images, viability of cardiac walls,

mapping to color.
• Spectroscopy: Spectra and their interpretation need to be

shared in an interoperable way.
Also to be stored in standard archives.

• Raw Data: needs to be archived in standard archives.
KV
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It took:
• three and a half years of working time,
• 19 face-to-face meetings,
• 13 teleconferences and
• 49 versions of the supplement.

Members Participants
• MR Imaging Institutes:

– UCSF: Mark Day
– NIH: Ronald Levin

• Medical Companies:
– Esaote: Luigi Pampana
– General Electric: Bob Haworth
– Philips: Kees Verduin

Bas Revet
– Sensor Systems: Yaman Aksu
– Siemens: Elmar Seeberger

Matthias Drobnitzky

KV
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• Support for latest MR applications through recognition
of modern MR parameters and context information

• Increased interoperability in multi-vendor situations
(less private elements )

• Color Images displayed as on the creating system
• Increased clinical performance through:

– Easier and automated post-processing based on transmitted values
– Context information that allows display of images in the order

defined by the creator (only overruled by application knowledge)
– Context information from the structure of the header

KV
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• Diffusion Imaging
• Use of Color for Diffusion and Functional imaging
• Functional Brain Imaging
• Cardiac Imaging
• Spectroscopy

KV
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Diffusion b-values from 0 to 8000 and ADC image

KV
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Reconstructed Fiber Maps in the colors as seen by the creator

KV
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• 10-60 slices
• all slices measured

in one TR
• repeated 100-1000

times to get
sufficient signal

• leading to > 60,000
images in one object

KV
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• Post-processing
with results in color

KV
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Enables automatic multi-slice / multi-phase display, even for
standard workstations

KV
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• Support of newest applications by new attributes
• Less ambiguity through stricter definitions and rules
• Clear relationships between Referenced images
• Header size reduction through Multi-frame technique
• File size flexibility through Concatenations
• Context information from Dimension organization
• Functional images with Real World Values
• Support Functional images with Color interpretation
• these benefits are equally applicable to CT imaging

KV
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Table A.36-1
ENHANCED MR IMAGE IOD MODULES

IE Module Reference Usage
Patient C.7.1.1 MPatient
Specimen Identification C.7.1.2 U
General Study C.7.2.1 MStudy
Patient Study C.7.2.2 U

Series General Series C.7.3.1 M
Frame of Reference C.7.4.1 MFrame of

Reference Synchronization C.7.4.2 C- Required if time synchronization
was applied.

Equipment General Equipment C.7.5.1 M
Image Pixel C.7.6.3 M
Contrast/Bolus C.7.6.4 C - Required if contrast media were

applied.
Multi-frame Functional
Groups

C.7.6.16 M

Multi-frame Dimension C.7.6.17 M
Cardiac
Synchronization

C.7.6.18.1 C - Required if cardiac
synchronization was applied.

Respiratory
Synchronization

C.7.6.18.2 C - Required if respiratory
synchronization was applied.

Bulk Motion
Synchronization

C.7.6.18.3 C - Required if bulk motion
synchronization was applied.

Supplemental Palette
Color Lookup Table

C.7.6.19 C – Required if Pixel Presentation
(0008,9205) in the Enhanced MR
Image Module equals COLOR or

MIXED.
Acquisition Context C.7.6.14 M
Enhanced MR Image C.8.12.1 M
MR Pulse Sequence C.8.12.4 C – Required if Image Type

(0008,0008) Value 1 is ORIGINAL or
MIXED. May be present otherwise.

Softcopy Presentation
LUT

C.11.6 M

Image

SOP Common C.12.1 M
KV



25

• “Diffusion b-value” and related elements
• “Parallel Acquisition Technique”
• “Cardiac Tagging” attributes
• “Coil Name” and Multi-coil configurations
• “Acquisition Duration” and other timing elements
• “Spectroscopy data” and related elements

KV
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• Whenever possible, all images of a scan become
frames in one object

• Do not repeat what is common to all frames

• Group the related elements

KV
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• Data elements that are common to all images in a series can be
shared and do not have to be repeated
(the concept of shared and non-shared headers).

• Related elements can be grouped and as such the group
already indicates by its position in the header the type of
acquisition that was performed.
(e.g: cardiac trigger time:
if it differs per frame it is a cardiac multi-phase scan)

• This packaging leads to an over-all reduction of header size
KV
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N Objects, N Headers

Fixed Header

KV

Pixel data (not to scale)

N Frames, One Header
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N Objects, N Headers

Pixel data (not to scale)Per-frame headerFixed Header

N Frames, One Header

HEADER SIZE REDUCTION

KV
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N Objects, N Headers

N Frames, One Header

Pixel data (not to scale)Dimension data (not to scale)Per-frame headerFixed Header

KV
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O th e r a tt r ib u te s

      P e r- f ra m e  F u n c t io n a l G ro u p s  S e q u e n c e

   S h a re d  F u n c t io n a l G ro u p s  S e q u e n c e

   >  F u n c t io n a l G ro u p  A  M a c ro

     >  F u n c t io n a l G ro u p  B  M a c ro

    >  F u n c t io n a l G ro u p  M  M a c ro

… ..

O th e r a tt r ib u te s

F u n c t io n a l G ro u p  M a c ro s
s h a re d  fo r  a ll  f ra m e s

         I te m  1  (F ra m e  1 )
S e q u e n c e  o f  re p e a t in g

F u n c t io n a l G ro u p  M a c ro s  fo r
e a c h  in d iv id u a l f r a m e

P ixe l D a ta

F ra m e  1

F ra m e  2

F ra m e  n

… ..

    >  F u n c t io n a l G ro u p  C  M a c ro

     >  F u n c t io n a l G ro u p  B  M a c ro

    >  F u n c t io n a l G ro u p  M  M a c ro

… ..

        Ite m  n  (F ra m e  n )

    >  F u n c t io n a l G ro u p  C  M a c ro

     >  F u n c t io n a l G ro u p  B  M a c ro

    >  F u n c t io n a l G ro u p  M  M a c ro

         I te m  2  (F ra m e  2 )

    >  F u n c t io n a l G ro u p  C  M a c ro

… ..

… ..

… ..

N o te :  T h e  F u n c t io n a l G ro u p  M a c ro s  A ,  B , C ,  e tc .  a re  e xa m p le s  to  i l lu s tra te  th e  M u lt i- fra m e  F u n c t io n a l G ro u p s . T h e
a c tu a l F u n c tio n a l G ro u p  S e q u e n c e s  a re  d e f in e d  e ls e w h e re .

… ..

   >  F u n c t io n a l G ro u p  K  M a c ro

KV

PIXEL DATA COMES IN THE SAME
ORDER
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� Kept Values 1 and 2 for historical
implementations

� New values 3 and 4 provide context
information

� Same construction for Frame Type

KV
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C.8.12.3.1.1.1 Pixel Data Characteristics
Value 1 of Image Type (0008,0008) and Frame Type (0008,9007) shall use one of the following
Enumerated Values from Table C.8.12-5.

Value 1 of Image Type (0008,0008) and Value 1 of Frame Type (0008,9007) shall not be zero
length.

Table C.8.12-5
IMAGE TYPE AND FRAME TYPE VALUE 1

Enumerated Value Name Enumerated Value Description
ORIGINAL An image or frame is original if its pixel data was directly

reconstructed from the original data that is obtained from the
sensors of the imaging equipment, Image Type (0008,0008)
Value 4 is NONE, and Volume Pixel Calculation Technique
(0008,9207) is NONE.
Original data is data directly reconstructed from k-space data.

DERIVED An image or frame is derived if its pixel data was calculated
from original or other derived pixel data (i.e. it is not original).

MIXED Used only as a value in Image Type (0008,0008) if frames
within the SOP Instance contain different values for Value 1 in
their Frame Type (0008,9007).

KV
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KV

C.8.12.3.1.1.2 Patient Examination Characteristics
Value 2 for Image Type (0008,0008) and Frame Type (0008,9007) follows the standard definition
and shall have the following Enumerated Value from Table C.8.12-6.

Value 2 of Image Type (0008,0008) and Value 2 of Frame Type (0008,9007) shall not be zero
length.

Table C.8.12-6
IMAGE TYPE AND FRAME TYPE VALUE 2

Enumerated Value Name Enumerated Value Description
PRIMARY See C.7.1.1.2
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C.8.13.3.1.1.3 Image Flavor
Value 3 is an overall representation of the image type.
This value may be a summary of several other attributes or a
duplication of one of the other attributes to indicate the most
important aspect of this image.
Value 3 Image Flavor is to be used with Value 4 Derived Pixel
Contrast to indicate the nature of the image set.

KV
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Defined Term Name Defined Term Description
ANGIO_TIME Angio time acquisition (peripheral

vascular/carotid)
METABOLITE_MAP Metabolite Maps from spectroscopy data
CINE Cardiac CINE
DIFFUSION Collected to show diffusion effects.
FLOW_ENCODED Flow Encoded
FLUID_ATTENUATED Fluid Attenuated T2 weighted
FMRI Collected for functional imaging calculations.
LOCALIZER Collected for the purpose of planning other

images.

KV
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C.8.13.3.1.1.4 Derived Pixel Contrast
Value 4 shall be used to indicate derived pixel contrast –
generally, contrast created by combining or processing
images with the same geometry.
Value 4 shall have a value of NONE when Value 1 is
ORIGINAL.

KV
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Table C.8.13-8
IMAGE TYPE AND FRAME TYPE VALUE 4

Defined Term Name Defined Term Description

ADC Apparent Diffusion Coefficient

ADDITION Created through Pixel by pixel addition operation

DIFFUSION Diffusion weighted

DIFFUSION_ANISO Diffusion Anisotropy

DIFFUSION_ATTNTD Diffusion Attenuated. Derived by removing the T2
contributions from a Diffusion Weighted image.

DIVISION Created through Pixel by pixel division operation

MASKED Created through Pixel by pixel masking operation

MAXIMUM Created through Pixel by Pixel Maximum operation

MEAN Created through Pixel by pixel mean operation

METABOLITE_MAP Metabolite Maps from spectroscopy data

MINIMUM Created through Pixel by Pixel Minimum operation

MTT Mean Transit Time

MULTIPLICATION Created through Pixel by pixel multiplication operation

KV
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• If frames do not share the same Frame Type
values, this will be expressed at image level
by Image Type: MIXED

• This can only be the case for values 1 and 4
and for the attributes on the next slide.

KV
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• Pixel Presentation
• Volumetric Properties
• Volume Based Calculation Technique
• Complex Image Component
• Acquisition Contrast
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• Introduction DICOM Viewer
• Functional Groups
• Dimensions

BH
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• NEMA Committee for the Advancement of DICOM authorized in May
2002 the development of a test/demonstration  tool implementing portions of
Supplement 49 funded by MR vendors and others

• Basic Goals:
– Education of the user community
– Feasibility of implementation
– Promotion of early implementation and adoption
– Demonstration of reference software and a test tool
– Find areas of the standard that needed to be clarified
– Provide newly encoded reference images for discussion and early testing
– Allow vendors to test out their implementations (send/receive) before

testing with other vendors

• PixelMed Publishing was awarded the contract after an RFP/Bid cycle

BH



43

• Sample images and spectroscopy objects, including:
– Single original and derived images
– Images with minimal attributes
– Images with shared and per-frame varying attributes
– Images with stacks, dimensions and concatenations

• Viewing Tool, including
– Read images, spectroscopy objects and DICOMDIR from files
– Receive and send images and spectroscopy objects across the network
– Query and retrieve images and spectroscopy objects across the network
– Display multi-frame images and spectra in implicit and by dimension order
– Display values of common, shared and per-frame varying attributes

• Validation Tool
– To check whether or not objects conform to the standard

BH
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Elements can be classified according to whether they may
change per frame
• Never change per frame within a multi-frame object

• May change per frame within a multi-frame object

•Dilemma: Many elements can change per frame, but the overhead of keeping
track of hundreds of elements is excessive.

Solution: Form functional groups of elements that are related and track
whether they are changed per frame or not.

See also DICOM 2003 standard, Volume 3 appendix N

BH
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 Should an element be in a Functional Group?
• The more elements that can change the more complex the receiving application’s
job is

• The fewer elements that can change – the more objects are needed

• Are there many applications that require an element to be at a per frame level?

• Image pixel module elements must not change due to legacy toolkit issues

Penalty for not allowing an element to change: is the inability to use the multi-
frame format for applications where the element will change – ever – as part of this
standard

Penalty for putting an element on a frame basis: image header space and
complexity

BH
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“Functional Group” Grouping Criteria (cont.)

 What are the major criteria for grouping elements?
• Elements that are likely to vary together should be grouped together

• Make number of groups manageable (group decided around 20)

• Limit the number of elements likely to be static in a group where others are
likely to be dynamic

• Make modality independent groups where possible to enable reuse

• Elements that are related should be grouped together to allow receiving
applications to better understand the organization of the incoming object

BH



47

“Functional Group” Grouping Choices
Made by Working Group 16

• Image Pixel Module elements shall not change (legacy toolkit issues)

• Pulse Sequence elements shall not change – even though needed by real-time
scanning applications – new objects will be required when the pulse sequence is
changed

• Functional Group Sequences that are MR specific start with the letters “MR”

• All elements that must be in a per frame functional group are in the “Frame
Content” Functional Group – which must always be in the Per Frame Functional
Group Sequence

• Plane Position and Plane Orientation are in separate functional groups since
they are often varied independently

• Contrast mechanisms that can be applied real-time by the operator (IR, flow
compensation, spoiled, MT, T2 preparation… ) and are otherwise not changed are
grouped together

• Number of Averages is another real-time special case – a moving average –
versus being fixed for non real-time scans

BH
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Table A.36-2 
ENHANCED MR IMAGE FUNCTIONAL GROUP MACROS 

Functional Group Macro Section Usage 
Pixel Measures C.7.6.16.2.1 M 
Frame Content C.7.6.16.2.2 M - May not be used as a Shared Functional 

Group. 
Plane Position C.7.6.16.2.3 M 
Plane Orientation C.7.6.16.2.4 M 
Referenced Image C.7.6.16.2.5 C - Required if the image or frame has been 

planned on another image or frame. May be 
present otherwise 

Derivation Image C.7.6.16.2.6 C - Required if the image or frame has been 
derived from another SOP Instance. 

Cardiac Trigger C.7.6.16.2.7 C - Required if Cardiac Synchronization 
Technique (0018,9037) equals other than 

NONE and if Image Type (0008,0008) 
Value 1 is ORIGINAL or MIXED. May be 

present otherwise. 
Frame Anatomy C.7.6.16.2.8 M 
Pixel value Transformation C.7.6.16.2.9 M 
Frame VOI LUT C.7.6.16.2.10 U 
Real World Value Mapping C.7.6.16.2.11 U 
MR Image Frame Type C.8.12.5.1 M 
MR Timing and Related 
Parameters 

C.8.12.5.2 C – Required if Image Type (0008,0008) 
Value 1 is ORIGINAL or MIXED. May be 

present otherwise. 
MR FOV/Geometry C.8.12.5.3 C – Required if Geometry of k-Space 

Traversal (0018,9032) equals RECTILINEAR 
and if Image Type (0008,0008) Value 1 is 

ORIGINAL or MIXED. May be present 
otherwise. 

M
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MR Echo C.8.12.5.4 C – Required if Image Type (0008,0008)
Value 1 is ORIGINAL or MIXED. May be

present otherwise.
MR Modifier C.8.12.5.5 C – Required if Image Type (0008,0008)

Value 1 is ORIGINAL or MIXED. May be
present otherwise.

MR Image Modifier C.8.12.5.6 C – Required if Image Type (0008,0008)
Value 1 is ORIGINAL or MIXED. May be

present otherwise.
MR Receive Coil C.8.12.5.7 C – Required if Image Type (0008,0008)

Value 1 is ORIGINAL or MIXED. May be
present otherwise.

MR Transmit Coil C.8.12.5.8 C – Required if Image Type (0008,0008)
Value 1 is ORIGINAL or MIXED. May be

present otherwise.
MR Diffusion C.8.12.5.9 C - Required if Acquisition Pixel Contrast

(0008,9209) in any MR Image Frame Type
Functional Group in the SOP Instance equals

DIFFUSION and Image Type (0008,0008)
Value 1 is ORIGINAL or MIXED. May be

present otherwise.
MR Averages C.8.12.5.10 C – Required if Image Type (0008,0008)

Value 1 is ORIGINAL or MIXED. May be
present otherwise.

MR Spatial Saturation C.8.12.5.11 C - Required if Spatial Pre-saturation
(0018,9027) equals SLAB for any frame in the
SOP Instance and Image Type (0008,0008)

Value 1 is ORIGINAL or MIXED. May be
present otherwise.

MR Metabolite Map C.8.12.5.12 C – Required if Image Type (0008,0008)
Value 3 equals METABOLITE_MAP. May be

present otherwise.
MR Velocity Encoding C.8.12.5.13 C – Required if Phase Contrast (0018,9014)

equals YES and Image Type (0008,0008)
Value 1 is ORIGINAL or MIXED. May be

present otherwise.

Functional
Groups

Dependent

on other
Functional

Groups

BH
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• Cross Modality Groups are in section C.7.6.16 while MR specific groups are
in section C.8.12.5

• Conditions for inclusion are similar to modules:

• M – Mandatory

• C - Conditional

• U – User Option

• Most conditions are on elements outside of a functional group – exceptions
include Diffusion based on an MR Image Frame Type element; MR Spatial
Saturation based on an MR Modifier element.

BH
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• Section C.7.6.16.2.1 Pixel Measures Macro – refer to your standard

• What is the significance of Pixel Spacing being constant and Slice
Thickness varying within a multi-frame object?

• Section C.7.6.16.2.2 Frame Content Macro– refer to your standard

• Contains indexes and timing related information needing to change
frame to frame

• Example set: Patient Renal^Arteries MF-0000011, Series 3 Surface rendering

BH
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• How are current MR objects related?
• Series
• Temporal Position Identifier (0020,0100), Cardiac Number of
Images (0018,1090), Referenced Image Sequence (0008,1140)

•New Object Relationships - Dimensions
• A way to specify the organization of frames within an object
• A way to specify the organization of frames across objects and
series
• Examples:

• Cine loop – 1 slice of the heart over 16 heart phases
• 3D cine loop – 16 slices through the heart, each with 16
phases
• Real-time operator driven exploration of anatomy and
contrast

BH
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position

time

b-value

cardiac phase

volume

orientation
time

Examples of properties that may change 

echo

BH
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Stack ID3

Frame Number
1 - 5

Frame Number
6-10

Frame Number
11-15

5
4

3
2

1
In-Stack Position

Stack ID2

Stack ID1

5
4

3
2

1
In-Stack Position

5
4

3
2

1
In-Stack Position

BH
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Stacks – Special Indexes to Organize
Image by Geometrical relationships

• Stacks are groups of frames
• Different groups may have different organizing criteria (e.g.: radial or
orientation)
• Within each group there is an In-stack Index for each slice volume
• Frames with the same Stack ID and In-Stack Index must have the same values:

� Dimension Organization UID (0020,9222) or if absent Concatenation UID
(0020,9133) to qualify the Stack ID (otherwise Stack ID scope is object)
� Image Position (Patient) (0020,0032)
� Image Orientation (Patient) (0020,0037)
� Rows (0028,0010) � Pixel Spacing (0028,0030) (= field of view in the row
direction)
� Columns (0028,0011) � Pixel Spacing (0028,0030) (= field of view in the
column direction)
� Slice Thickness (0018,0050)

• Question:  Are axial slices required to have In-stack Indexes in order Superior to
Inferior?

see section
C.7.6.16.2.2.4

BH
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time

Temporal position Index

6
5

4
3

2
1

6
5

4
3

2
1

1 2 3

6
5

4
3

2
1

In-stack
Index

Frame number 1-6 Frame number 7-12Frame number 13-18

Slice Order for
phase 1

Phase order for
slice 2

Image frames can be sorted/displayed independent of implicit frame order

BH
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5 stations, 5 stacks,  4 In-stack positions

BH
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• What are the important organizational elements for a
set of frames?
– Groups of slices (Stacks)
– Slices within a group (In-Stack Position)
– Time/Phase ordering (Temporal Position Index)
– Echo, Cardiac phase, b-value, stimulus, Z-score…

• Who best knows the important data organizational
indexes?
– Image object creator

• Must the frames be in some specific order within the
object?
– No! Frame order is not relevant.  Presentation/Usage should

be driven by the user/application.
BH
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• Mechanism to specify order?
– Images contain a Dimension Module at the object level

specifying organizational index order and the attribute each
index is representing (e.g. first index might be Effective Echo
Time)

– Each frame contains a Dimension Index Values multi-valued
element which the indicates the index number for each of the
dimensions for the particular frame

• Presentation order is determined by the order of the
indexes – the first one varying the least frequently
– (1,1,1), (1,1,2),(1,2,1),(1,2,2),(2,1,1)…
– What if there are too many indices to describe the

frame set?  Too few?

BH
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Simplified Dimension Module

Contains the Data Element Tag of the
Functional Group Sequence that
contains the Attribute that is referenced
by the Dimension Index Pointer
(0020,9165).
See section C.7.6.17.1 for further
explanation.
Required if the value of the Dimension
Index Pointer (0020,9165) is the Data
Element Tag of an Attribute that is
contained within a Functional Group
Sequence.

1C(0020,9167)>Functional Group Pointer

Contains the Data Element Tag that is
used to identify the Attribute connected
with the index. See section C.7.6.17.1
for further explanation.

1(0020,9165)>Dimension Index Pointer

Identifies the sequence containing the
indices used to specify the dimension of
the multi-frame object.
Zero or more Items may be included in
this sequence.

2(0020,9222)Dimension Index Sequence

•Attribute Description•Type•Tag•Attribute Name

BH
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• Iliac Dynamic Subtraction – 3 sets of images in 1 MF object:
• Mask images 1-10, Frame acq #=1, Temporal Position Index=1, FrameType =

ORIGINAL\PRIMARY\ANGIO_TIME\NONE
• TOF vascular images 11-20, Frame acq #=2, Temporal Position Index=2,

FrameType = ORIGINAL\PRIMARY\ANGIO_TIME\NONE
• Subtraction of first 2 sets, Frame acq #=4,  Temporal Position Index=2,

FrameType = DERIVED\PRIMARY\ANGIO_TIME\SUBTRACTION

• Dimensions useful for organizing:
• Stack ID  (1->1)
• In-Stack Index  (1->10)
• Temporal Position Index (1->2)
• Acquisition Number (1->2) (Frame Type might be better)

Dimension Module Example

BH
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Dimension Module – 4 dimensions

Dimension Index Sequence

Dimension Index Pointer – Stack ID

Functional Group Pointer – Frame Content Seq.

Dimension Index Pointer – In-Stack Index

Functional Group Pointer – Frame Content Seq.

Dimension Index Pointer – Temporal Pos. Index

Functional Group Pointer – Frame Content Seq.

Dimension Index Pointer – Frame Acq. Number

Functional Group Pointer – Frame Content Seq.

Per-frame Sequence 
(1st frame of first and last set):

Frame Content Sequence

Stack ID = 1

In-Stack Index = 1

Temporal Pos. Index = 1

Frame Acq. Number = 1

Dimension Index Values =

Frame Content Sequence

Stack ID = 1

In-Stack Index = 1

Temporal Pos. Index = 2

Frame Acq. Number = 4

Dimension Index Values = 1

1

2

A

B

C

D

1 1 1

2

1

1
1

1

1

1

1
2

2
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Full Dimension Module
Table C.7.6.17-1
MULTI-FRAME DIMENSION MODULE ATTRIBUTES

1C(0020,9164)>Dimension Organization UID
1C(0020,9238)>Functional Group Private Creator
1C(0020,9167)>Functional Group Pointer
1C(0020,9213)>Dimension Index Private Creator
1(0020,9165)>Dimension Index Pointer
2(0020,9222)Dimension Index Sequence
1(0020,9164)>Dimension Organization UID
2(0020,9221)Dimension Organization Sequence

TypeTagAttribute Name

BH
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Cross SOP Dimension Module
• SOP 1 – ORIGINAL Image, 3 Dimensions:

– In-Stack Position        (note: does this make sense without a Stack ID?)
– Temporal Position
– MR Echo Sequence    (note: sequence rather than element)

• SOP 2 – DERIVED Image, “same” 3 Dimensions, Multiplanar
reformat with different orientations, created on a different
system (must they be different series?)
– In-Stack Position
– Temporal Position
– MR Echo Sequence

• Are the In-Stack Positions the same?
• Can we extend the In-Stack Position indexes from the first set?
• No to both questions – need to use a different UID to identify

the different sets
BH
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Cross SOP Dimensions Example
 

.... 

Dimension Organization Sequence 

 Item 1 

> xx.yy.zz.1 

Dimension Index Sequence 

Item 1 

> 0020,9057 (In-Stack Position Index) 

> 0020,9111 (Frame Content Sequence) 

Item 2 

> 0020,9128 (Temporal Position Index) 

> 0020,9111 (Frame Content Sequence) 

> xx.yy.zz.1 

> xx.yy.zz.1 

Item 3 

> 0018,9114 (MR Echo Sequence) 

> xx.yy.zz.1 

.... 

.... 

Dimension Organization Sequence 

 Item 1 

> xx.yy.zz.1 

Dimension Index Sequence 

Item 1 

> 0020,9057 (In-Stack Position Index) 

> 0020,9111 (Frame Content Sequence) 

Item 2 

> 0020,9128 (Temporal Position Index) 

> 0020,9111 (Frame Content Sequence) 

> xx.yy.zz.2 

> xx.yy.zz.1 

Item 3 

> 0018,9114 (MR Echo Sequence) 

> xx.yy.zz.1 

> xx.yy.zz.2 

Equivalent 
Index Meaning 

Equivalent 
Index Meaning 

Non-
equivalent 

Item 2 

Derived SOP Instance Original SOP Instance 

BH
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• Functional Grouping Exercise
• Raw Data
• MR Spectroscopy
• MR Timing relationships
• Object relationships

BH
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Functional/Dimension Grouping Exercise
    Scan to be done: Patient Legs^Stacked MF-0000005

� 2 sets of images at each station/location – Effective Echo Times: 17 ms &
102 ms;  Window Center/Width= 478.5/958 & 267.5/536;
AcquisitionContrast = PROTON_DENSITY & T2; TransmitterFrequency =
63.8657 & 63.8658; SpecificAbsorptionRateValue = 1.0452 & 1.0453

� 3 stations: Stack 1: 68 frames, Stack 2: 34 frames, Stack 3: 52 frames
� Constants:   RepetitionTime = 6000.00, EchoPulseSequence = SPIN,

Rows=256, Columns=256, ComplexImageComponent = MAGNITUDE,
FrameLaterality = U, NumberOfAverages = 2,
InPlanePhaseEncodingDirection = ROW, FlowCompensation = NONE,
ReceiveCoilName = BODY, TransmitCoilName = BODY, PixelSpacing =
1.87500\1.87500, RescaleIntercept = 0.00000, ImageOrientationPatient =
1.00000\0.00000\0.00000\0.00000\0.00000\-1.00000, PhaseContrast = NO

� Keep all frames with same Effective Echo Time together for presentation
� Frame order within Stack is opposite to presentation order

BH
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Functional/Dimension Grouping Exercise
    Scan to be done: Patient Legs^Stacked MF-0000005

� 2 sets of images at each station/location – Effective Echo Times(18,9082):
17 ms & 102 ms;  Window Center/Width(28,1050/1)= 478.5/958 &
267.5/536; AcquisitionContrast(8,9209) = PROTON_DENSITY & T2;
TransmitterFrequency(18,9098) = 63.8657 & 63.8658;
SpecificAbsorptionRateValue(18,9181) = 1.0452 & 1.0453

� 3 stations: Stack 1: 68 frames, Stack 2: 34 frames, Stack 3: 52 frames
� Constants:   RepetitionTime(18,80) = 6000.00, EchoPulseSequence(18,9008)

= SPIN, Rows(28,10)=256, Columns(28,11)=256,
ComplexImageComponent(8,9208) = MAGNITUDE,
FrameLaterality(20,9072) = U, NumberOfAverages(18,83) = 2,
InPlanePhaseEncodingDirection(18,1312) = ROW,
FlowCompensation(18,9010) = NONE, ReceiveCoilName(18,1250) =
BODY, TransmitCoilName(18,1251) = BODY, PixelSpacing(28,30) =
1.87500\1.87500, RescaleIntercept(28,1052) = 0.00000,
ImageOrientationPatient(20,37) =
1.00000\0.00000\0.00000\0.00000\0.00000\-1.00000, PhaseContrast(18,9014)
= NO

� Keep all frames with same Effective Echo Time together for presentation
� Frame order within Stack is opposite to presentation order

BH
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Table A.36-2 
ENHANCED MR IMAGE FUNCTIONAL GROUP MACROS 

Functional Group Macro Section Usage 
Pixel Measures C.7.6.16.2.1 M 
Frame Content C.7.6.16.2.2 M - May not be used as a Shared Functional 

Group. 
Plane Position C.7.6.16.2.3 M 
Plane Orientation C.7.6.16.2.4 M 
Referenced Image C.7.6.16.2.5 C - Required if the image or frame has been 

planned on another image or frame. May be 
present otherwise 

Derivation Image C.7.6.16.2.6 C - Required if the image or frame has been 
derived from another SOP Instance. 

Cardiac Trigger C.7.6.16.2.7 C - Required if Cardiac Synchronization 
Technique (0018,9037) equals other than 

NONE and if Image Type (0008,0008) 
Value 1 is ORIGINAL or MIXED. May be 

present otherwise. 
Frame Anatomy C.7.6.16.2.8 M 
Pixel value Transformation C.7.6.16.2.9 M 
Frame VOI LUT C.7.6.16.2.10 U 
Real World Value Mapping C.7.6.16.2.11 U 
MR Image Frame Type C.8.12.5.1 M 
MR Timing and Related 
Parameters 

C.8.12.5.2 C – Required if Image Type (0008,0008) 
Value 1 is ORIGINAL or MIXED. May be 

present otherwise. 
MR FOV/Geometry C.8.12.5.3 C – Required if Geometry of k-Space 

Traversal (0018,9032) equals RECTILINEAR 
and if Image Type (0008,0008) Value 1 is 

ORIGINAL or MIXED. May be present 
otherwise. 

 

Shared/Per-frame/NA

BH
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MR Echo C.8.12.5.4 C – Required if Image Type (0008,0008)
Value 1 is ORIGINAL or MIXED. May be

present otherwise.
MR Modifier C.8.12.5.5 C – Required if Image Type (0008,0008)

Value 1 is ORIGINAL or MIXED. May be
present otherwise.

MR Image Modifier C.8.12.5.6 C – Required if Image Type (0008,0008)
Value 1 is ORIGINAL or MIXED. May be

present otherwise.
MR Receive Coil C.8.12.5.7 C – Required if Image Type (0008,0008)

Value 1 is ORIGINAL or MIXED. May be
present otherwise.

MR Transmit Coil C.8.12.5.8 C – Required if Image Type (0008,0008)
Value 1 is ORIGINAL or MIXED. May be

present otherwise.
MR Diffusion C.8.12.5.9 C - Required if Acquisition Pixel Contrast

(0008,9209) in any MR Image Frame Type
Functional Group in the SOP Instance equals

DIFFUSION and Image Type (0008,0008)
Value 1 is ORIGINAL or MIXED. May be

present otherwise.
MR Averages C.8.12.5.10 C – Required if Image Type (0008,0008)

Value 1 is ORIGINAL or MIXED. May be
present otherwise.

MR Spatial Saturation C.8.12.5.11 C - Required if Spatial Pre-saturation
(0018,9027) equals SLAB for any frame in the
SOP Instance and Image Type (0008,0008)

Value 1 is ORIGINAL or MIXED. May be
present otherwise.

MR Metabolite Map C.8.12.5.12 C – Required if Image Type (0008,0008)
Value 3 equals METABOLITE_MAP. May be

present otherwise.
MR Velocity Encoding C.8.12.5.13 C – Required if Phase Contrast (0018,9014)

equals YES and Image Type (0008,0008)
Value 1 is ORIGINAL or MIXED. May be

present otherwise.

Shared/Per-frame/NA?

BH
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Functional/Dimension Grouping
Exercise – Dimension Module

Dimension 3:Dimension 2:Dimension 1:Frame

BH
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Functional/Dimension Grouping
Exercise – Dimension Module

Dimension 3:Dimension 2:Dimension 1:Frame

BH
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Table A.36-2 
ENHANCED MR IMAGE FUNCTIONAL GROUP MACROS 

Functional Group Macro Section Usage 
Pixel Measures C.7.6.16.2.1 M 
Frame Content C.7.6.16.2.2 M - May not be used as a Shared Functional 

Group. 
Plane Position C.7.6.16.2.3 M 
Plane Orientation C.7.6.16.2.4 M 
Referenced Image C.7.6.16.2.5 C - Required if the image or frame has been 

planned on another image or frame. May be 
present otherwise 

Derivation Image C.7.6.16.2.6 C - Required if the image or frame has been 
derived from another SOP Instance. 

Cardiac Trigger C.7.6.16.2.7 C - Required if Cardiac Synchronization 
Technique (0018,9037) equals other than 

NONE and if Image Type (0008,0008) 
Value 1 is ORIGINAL or MIXED. May be 

present otherwise. 
Frame Anatomy C.7.6.16.2.8 M 
Pixel value Transformation C.7.6.16.2.9 M 
Frame VOI LUT C.7.6.16.2.10 U 
Real World Value Mapping C.7.6.16.2.11 U 
MR Image Frame Type C.8.12.5.1 M 
MR Timing and Related 
Parameters 

C.8.12.5.2 C – Required if Image Type (0008,0008) 
Value 1 is ORIGINAL or MIXED. May be 

present otherwise. 
MR FOV/Geometry C.8.12.5.3 C – Required if Geometry of k-Space 

Traversal (0018,9032) equals RECTILINEAR 
and if Image Type (0008,0008) Value 1 is 

ORIGINAL or MIXED. May be present 
otherwise. 

 

Shared/Per-frame/NA

Shared

frame
frame
Shared

Shared

Shared

frame

frame

frame

   Shared
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MR Echo C.8.12.5.4 C – Required if Image Type (0008,0008)
Value 1 is ORIGINAL or MIXED. May be

present otherwise.
MR Modifier C.8.12.5.5 C – Required if Image Type (0008,0008)

Value 1 is ORIGINAL or MIXED. May be
present otherwise.

MR Image Modifier C.8.12.5.6 C – Required if Image Type (0008,0008)
Value 1 is ORIGINAL or MIXED. May be

present otherwise.
MR Receive Coil C.8.12.5.7 C – Required if Image Type (0008,0008)

Value 1 is ORIGINAL or MIXED. May be
present otherwise.

MR Transmit Coil C.8.12.5.8 C – Required if Image Type (0008,0008)
Value 1 is ORIGINAL or MIXED. May be

present otherwise.
MR Diffusion C.8.12.5.9 C - Required if Acquisition Pixel Contrast

(0008,9209) in any MR Image Frame Type
Functional Group in the SOP Instance equals

DIFFUSION and Image Type (0008,0008)
Value 1 is ORIGINAL or MIXED. May be

present otherwise.
MR Averages C.8.12.5.10 C – Required if Image Type (0008,0008)

Value 1 is ORIGINAL or MIXED. May be
present otherwise.

MR Spatial Saturation C.8.12.5.11 C - Required if Spatial Pre-saturation
(0018,9027) equals SLAB for any frame in the
SOP Instance and Image Type (0008,0008)

Value 1 is ORIGINAL or MIXED. May be
present otherwise.

MR Metabolite Map C.8.12.5.12 C – Required if Image Type (0008,0008)
Value 3 equals METABOLITE_MAP. May be

present otherwise.
MR Velocity Encoding C.8.12.5.13 C – Required if Phase Contrast (0018,9014)

equals YES and Image Type (0008,0008)
Value 1 is ORIGINAL or MIXED. May be

present otherwise.

Shared/Per-frame/NA?

 shared

 shared

  shared

Frame
 shared
Frame
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Functional/Dimension Grouping
Exercise – Dimension Module

68111

11168

342169

121102

131154

5231103

Dimension 3:
In-stack
Position

Dimension 2:
Stack ID

Dimension 1:

Effective
Echo Time

Frame

BH



76

Functional/Dimension Grouping
Exercise – Dimension Module

6812155

112222

3422223

122256

132308

5232257

Dimension 3:
In-stack
Position

Dimension 2:
Stack ID

Dimension 1:

Effective
Echo Time

Frame

BH
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• Raw data may be used with CT and MR systems to
reconstruct sets of images or for MR to reconstruct
spectroscopic data. The format of the raw data is vendor
specific.

• Purpose of the IOD is to provide the ability to store the
data in a standard DICOM archive with sufficient
information to relate it (It contains the Patient, Study, Series, Frame of
Reference and Equipment IE’s).

• The Raw Data IE contains a.o.
– Unique UID from vendor and release to identify the system that

created the raw data
– The Raw Data stored with the Raw Data Module consists of one or

more private attributes that are vendor specific. No rules are
specified about the content and format of the raw data.

KV
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Relative NAA peak-height

Ratio of
Choline and
Creatinine peaks

KV
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Frames

Data
Point

Columns

Data Point
Rows

Rows

Columns

Figure C.8.13-1
Dimensions of spectroscopy data.KV
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• Most modules (and macro’s ) are as for imaging
• MR Spectroscopy Module replaces Enhanced MR

Image
• 3 or 4 dimensional data
• Spectroscopy Data Tag: (5600,0020)
• VR=“OF”, VM=1

KV
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Table A.36-1
ENHANCED MR IMAGE IOD MODULES

IE Module Reference Usage
Patient C.7.1.1 MPatient
Specimen Identification C.7.1.2 U
General Study C.7.2.1 MStudy
Patient Study C.7.2.2 U

Series General Series C.7.3.1 M
Frame of Reference C.7.4.1 MFrame of

Reference Synchronization C.7.4.2 C- Required if time synchronization
was applied.

Equipment General Equipment C.7.5.1 M
Image Pixel C.7.6.3 M
Contrast/Bolus C.7.6.4 C - Required if contrast media were

applied.
Multi-frame Functional
Groups

C.7.6.16 M

Multi-frame Dimension C.7.6.17 M
Cardiac
Synchronization

C.7.6.18.1 C - Required if cardiac
synchronization was applied.

Respiratory
Synchronization

C.7.6.18.2 C - Required if respiratory
synchronization was applied.

Bulk Motion
Synchronization

C.7.6.18.3 C - Required if bulk motion
synchronization was applied.

Supplemental Palette
Color Lookup Table

C.7.6.19 C – Required if Pixel Presentation
(0008,9205) in the Enhanced MR
Image Module equals COLOR or

MIXED.
Acquisition Context C.7.6.14 M
Enhanced MR Image C.8.12.1 M
MR Pulse Sequence C.8.12.4 C – Required if Image Type

(0008,0008) Value 1 is ORIGINAL or
MIXED. May be present otherwise.

Softcopy Presentation
LUT

C.11.6 M

Image

SOP Common C.12.1 M

KV



85

Table A.36-3
MR SPECTROSCOPY IOD MODULES

IE Module Reference Usage
Patient C.7.1.1 MPatient
Specimen Identification C.7.1.2 U
General Study C.7.2.1 MStudy
Patient Study C.7.2.2 U

Series General Series C.7.3.1 M
Frame of Reference C.7.4.1 MFrame of Reference
Synchronization C.7.4.2 C- Required if time synchronization

was applied.
Equipment General Equipment C.7.5.1 M

Contrast/Bolus C.7.6.4 C – Required if contrast media were
applied.

Multi-frame Functional
Groups

C.7.6.16 M

Multi-frame Dimension C.7.6.17 M

Cardiac
Synchronization

C.7.6.18.1 C - Required if cardiac
synchronization was applied.

Respiratory
Synchronization

C.7.6.18.2 C - Required if respiratory
synchronization was applied.

Bulk Motion
Synchronization

C.7.6.18.3 C - Required if bulk motion
synchronization was applied.

Acquisition Context C.7.6.14 M

MR Spectroscopy C.8.13.1 M

MR Spectroscopy
Pulse Sequence

C.8.13.2 C – Required if Image Type
(0008,0008) Value 1 is ORIGINAL.

May be present otherwise.
MR Spectroscopy Data C.8.13.3 M

MR Spectroscopy

SOP Common C.12.1 M

KV
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Table 6.2-1
DICOM VALUE REPRESENTATIONS

VR
Name

Definition Character
Repertoire

Length of Value

… … … …
OF
Other Float
String

A string of 32-bit IEEE 754:1985 floating
point words. OF is a VR which requires
byte swapping within each 32-bit word
when changing between Little Endian and
Big Endian byte ordering (see Section 7.3).

not applicable 232-4 maximum  

… … … …

KV
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• Better definitions

• Provide more detailed timing information

BH
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time

patient prepared

patient preparation 

scanner adjusted to patient

scanner 
adjustment 

Acquisition Datetime

Acquisition Duration 

Frame Acquisition Duration

Frame Reference Datetime 

Frame Acquisition Datetime 

Frame Acquisition

Acquisition

 

Figure C.7.6.16-2 
Relationship of Timing Related Attributes 

BH
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• Enhanced MR Image Module (MR Image and Spectroscopy Instance Macro)
– Content Date - data creation was started
– Content Time - data creation was started
– Acquisition Datetime - acquisition of data started
– Acquisition Duration - The time in seconds needed to run the prescribed pulse

sequence
– Acquisition Number - identifying the single continuous gathering of data over a

period of time which resulted in this image
• Frame Content Macro

– >Frame Acquisition Number - single continuous gathering of data over a period of
time which resulted in this frame.

– >Frame Reference Datetime - most representative of when data was acquired for
this frame

– >Frame Acquisition Datetime - acquisition of data that resulted in this frame
started

– >Frame Acquisition Duration - amount of time that was used to acquire data for
this frame

BH
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• Between SOP Instances
• Within same multi-frame SOP Instance
• Referenced Image Sequence

– E.g. “localizers” (orthogonal planning views)
• Source Image Sequence

– For derived images and frames
• To other objects, e.g. spectra, raw data,

waveforms (e.g. cardiac, functional stimuli)

DC
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Image

Prior
Image

Spectro-
scopy

Raw
Data

0 -n

0-n

� Source Image
Sequence for derived
images

� Ref. Image Sequence
required if planned on
prior images

0 - n
0 - n

Ref. Image
Sequence
required if planned
on prior images

Ref. Raw Data
Sequence

Ref. Image Sequence
Only if image type is
METABOLITE MAP

0-n

Ref. Raw Data
Sequence

� Source Image Sequence
for derived spectroscopy
data

� Ref. Image Sequence
required if planned on
prior spectroscopy data

0 - n Prior
Spectro-

scopy

� Ref. Image Sequence if planned on
prior image

0-n

DC
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• Old way
– SOP Class, Instance UID, +/- frame number(s)

• New way
– SOP Class, Instance UID, +/- frame number(s)
– May be within same object (same UID)
– Coded “purpose of reference”
– Coded derivation description
– Encoded in functional groups (shared or per-frame)
– Summary at top-level (evidence sequences like SR)

DC
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• Functional Group macros
– Referenced Image Macro
– Source Image Macro

• Enhanced MR Image Module
– Includes MR Image and Spectroscopy Instance Macro

• Referenced Raw Data Sequence
• Referenced Waveform Sequence
• Referenced Image Evidence Sequence
• Referenced Grayscale Presentation State Sequence
• Source Image Evidence Sequence

DC
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• Concatenations to split large objects 
• New Image visualization pipeline
• Supplemental Palette Color LUT
• Real World Values
• fMRI example
• (use of GSPS for trip tracking)

removed, file is too large

KV
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• Why do we need concatenations?
• An image may be too big for DICOM indexes, media or database storage –
examples:

� image needs to cross disk partitions to make use of available storage

� file system limits – disk or archive media (CD-R – 600 MB)

� ~4 GB maximum for Implicit VR transfer syntax

• A pseudo real-time transfer of a stream of images – example:

� fMRI transfer of images from scanner to workstation (20 fps)

� workstation needs to post process images in real time to figure out when
the scan is to be terminated

� every 1-2 seconds a SOP instance of the same concatenation is made and
networked from the scanner to workstation

BH
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• What is a concatenation?
• set of image objects

• in the same series

• with the same dimension indexes

• uniquely identified with a Concatenation UID (0020,9161)

• “contained” image objects must have the same Instance Number

BH
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• An object may be split up into two or more SOP
Instances, using the same concatenation UID

Legend:

Pixel data (not on scale)

Dimension data (not on scale)

Per-frame header

Fixed Header

BH
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• Other Properties
• Shared Functional Groups Sequence for all instances must
contain the same values

• In-concatenation Total Number (0020,9163) – optional
element indicating the total number of image objects in the
concatenation

• In-Concatenation Number (0020,9162) – shall be unique
within Concatenation

• Concatenation Frame Offset Number (0020,9228) shall be
unique within Concatenation – this provides the ability to have a
unique “logical” frame number within a concatenation.
However all references in DICOM are to SOP/Physical frame
numbers.  And presentation order is defined by Dimensions.

• An image object is not required to belong to a concatenation

BH



99

 
Patient 

is 
the subject 

of 

1

1 

Study 

1,n 

Series 

contains 

Spatially or 
temporally 

defines 

Equipment Frame of Reference 

creates 

11
1,n 

0,n 

1,n 

contains 

1

Concatenation 

0,n 

contains 

1

Image 
(Multi-frame) 

1,n 

Dimension 
Organization 

0,n 

contains 

1

Specifies 
organization 

of  

1 1,n 

1

0,n 

contains 

 

Figure 7-5.1  
EXTENSION OF THE REAL-WORLD MODEL WITH CONCATENATIONS AND DIMENSIONS

Concatenations and Dimensions
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Scope of Concatenations and Dimensions organization
Study

Frame of Reference

Series

Dimension Organization, within one FoRSOP Instance

Concatenation, within one series

Example:
Frame of Reference: 1
Series A and B  without concatenation
SOP A1, A2, A3 share same Dimension Org UID
SOP A3, A4, B3 share another Dimension Org UID
SOP A3 is part of two Dimension Organization UIDs
SOP C1, C2 are in a concatenation
SOP B1, B2, C3 are fully unrelated 

Example:
Frame of Reference: 2
Series D without concatenation
SOP D2, D3, E2, E3 share Dim Org UID
SOP E2, E3 are in a concatenation
SOP D1, E1 are fully unrelated

A B C D E

1

2

1

2

3

11

2

3

4 3

2

3 3

2

1

BH
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• Why do we need Real World Values support?
• Real World Value examples:

� Velocity encoding: cm/s

� Perfusion: mL/g/min, s (Time to Peak)

� fMRI Z score

� Diffusion – b-value: s/mm^2

� Flow: l/min

� Temperature: C

• Pixels are confined to 8 (0-255) or 16 (0-65535) bit integer representations
while Real World Values are often “real” numbers

• For quantitative assessment it is sometimes important to see the real values
corresponding to pixel values in the image

BH
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• Relates the pixel value to the actual value
and unit it represents (e.g., velocity in mm/sec)

Value Unit

Stored
Values

Real
Value
LUT

VOI
LUT

P
LUT Display

Real world
value

Modality
LUT

Measurement
Units Code
Sequence

(0040,08EA)

Real World
Value LUT

Data
(0040,9212)

Real World
Value Intercept

and Slope
attributes

or

BH
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time 
non perfused 
stroke areal

si
gn

al delayed perfusion

time-to-peak map

Real World
Value Slope
(0040,9225)

Real World
Value Intercept

(0040,9224)

RW
values

Stor
ed

valu
es
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•  Unified Code for Units of Measure
•  http://aurora.rg.iupui.edu/UCUM/UCUM-tab.html

•  Simple Example
• Patient Brain^PWI MF-0000024, Series 1, Instance 1, 11 frames

• Time to peak image

• Real World Value Mapping Sequence

• Code mapping for seconds

• 1 to 1 mapping of pixel values to real world values (transformation not
needed)

• Overlap allowed for multiple scales (cm/sec - mm/sec, log –
linear)

• Multiple ranges allowed for different functional information
shown on same reference image

BH
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Stored Values
in US or SS

LUTs in same Real World
Mapping Sequence (0040,9096)

First Entry
Mapped

(0040,9216)

Range of
Stored

Value with
real world
attached

Two
overlapping

ranges

Real World
Value LUT

(0040,9212)
in FL

Mapping of Stored Values (in US
or SS format) to real world values

(in FL format)

No real
world value

No real
world value

No real
world value

Last Entry
Mapped

(0040,9211)

Real World
Value Slope
(0040,9225)

Real World
Value Intercept

(0040,9224)

RW
values

St
or

ed
va

lu
es

or
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Functional Color on Anatomic Grayscale Images
•Many MR color applications require color functional information overlaid on top of
anatomical grayscale: fMRI, color flow, …

•Palette Color rather than RGB supported

•Palette Color module is for all the frames in a multiframe image – not per frame

•Palette Color does not need to be used in all frames – selected by the frame level
Pixel Presentation Attribute (0008,9205) = COLOR

•ENHANCED MR IMAGE MODULE Pixel Presentation Attribute (0008,9205) =
MIXED if some frames support color and some do not

•Palette Color Image has 2 ranges of pixels – Grayscale and Color differentiated by
Largest Monochrome Pixel Value (0028,9099)

•Grayscale pixels have Window Center/Width applied while Color pixels must not

•Functional information can be seen even if color is not supported since the
functional information is at the high end of the value range

BH
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Functional Color on Anatomic Grayscale Images

....

Palette
Color

Number
of

entries

Range of
Stored

Values to be
mapped to
grayscale

Range of
Stored

Values to be
mapped to

color

R     G     B

Largest
Monochrome
Pixel Value

Modality
LUT

Color
Display

Mapped to gray level
RGB values by display
deviceVOI

LUT
P-

LUT

+

BH
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Composite Z-map of three (3)
paradigms that were acquired on a
single subject. The composite map is
overlaid on fully segmented 3D
SPGR.

The new MR object does support 2D
slice representations of composites.
In the future 3D models could be
added to the standard.

Color Legend:
Red: Left Motor
Blue: Right Motor
Green: Language

3D View fMRI Example

New MR object supports 2D slices from which 3D models may be created
BH
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Value Mapping: VOI, Color (by paradigm), Real World (Z)
Pixel Values

Grayscale
Window/LevelVOI

LUT

Anatomic
Reference

Color
Map

Z-score
Map

Language
Paradigm

Color
Map

Color
Map

Z-score
Map

Left Motor
Paradigm

Right Motor
Paradigm

Z-score
Map

Z=5.1 No Z Z=5.1Z=4.9

Mappings to show Colors and 
Real World values is extensive

BH
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Functional MRI (fMRI) and Enhanced MR DICOM Structure

• 256x256
• COLOR (color map –by
Z value strength)
• DERIVED

• In-stack Position Number(10-30)10-30Color Overlaid (with
grayscale W/L capability)

•  256x256
• COLOR (color map –
by Z value strength and
paradigm)
• DERIVED

• In-stack Position Number(10-30)10-30Color Overlaid with
Composite Z-Map
(with grayscale W/L
capability)

• 64x64 – 128x128
• MONOCHROME
• ORIGINAL

• In-stack Position Number(10-30)
• Temporal Position Index (100-1000)
• Paradigm Type (not standardized)

1,000-
30,000

Source Images

• 64x64 – 128x128
• MONOCHROME
• DERIVED

• In-stack Position Number(10-30)10-30Z-Map
(Calculated from Source
Images)

• 256x256
• MONOCHROME
• ORIGINAL

• In-stack Position Number(10-30)10-30Anatomical
Reference

AttributesDimension Organization# FramesImage Set Type

New MR Enhanced DICOM Image Supports Variety and Large Sets
BH
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fMRI Example

•Patient Brain^Functional MF-0000017
•Image 1 Separate structural, segmented, mean EPI and
Z-Score data

• 1-124, ORIGINAL\PRIMARY\T1\NONE, T1

•125-248, DERIVED\PRIMARY\T1\MASK”ED”, T1

• 249-372, DERIVED\PRIMARY\fMRI\MEAN, T2_STAR

• 373-496, DERIVED\PRIMARY\fMRI\Z_SCORE , T2_STAR
•Image 2 Z-score in color over structural

• 1-124, Image Type = DERIVED\PRIMARY\T2_STAR\Z_SCORE

BH
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• Where and how to encode graphical info ?
• Old way: overlays in image object

– Poorly supported
– Need to be present at image creation time

• New way: external object (GSPS or SR)
– Consistent with direction of DICOM & IHE
– Allow post-acquisition annotation without replicating

entire image object (potentially hundreds of MB)

DC
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• Overlays are expressly forbidden in IOD
• IOD calls out use of GSPS (or SR) for annotation

of information obtained during acquisition
• GSPS created at acquisition time are referenced

from image using Referenced GSPS Sequence
(image object shall NOT be modified for other
GSPS added later)

• GSPS or SR reference image object (+/- frames)

DC
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• Both are mentioned as possibilities in MR IOD
• GSPS

– Purely annotative graphics - no semantics
– E.g. red filled dot - is it the proximal or distal end ?
– Other presentation related “baggage” - displayed area

selection, magnification, grayscale transformations - all
must be supported by rendering SCP

• SR (including Key Object Selection)
– Purely semantics (i.e. co-ordinates + purpose)
– No presentation information (e.g. color) at all
– SCP can render any way it likes

DC
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• Test Tool and Implementation
Experience and DICOM Validator
by David Clunie,
(see separate presentation file)

• Implementation experience
by Daniel Valentino,
(see separate presentation file)

• Further information
• Copyright
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David Clunie,
Tool Requirements, Experience,

Validation

DC
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Daniel J. Valentino, Ph.D. and Scott Neu, Ph.D.

UCLA Laboratory of Neuroimaging
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• The tool will become available to the funding participants
in two phases:
– Jan / Feb 2003 phase 1
– July 2003 phase 2 (full version including spectroscopy).

• The tool will also become available in the public domain in
2003.

• Workshop participants will be informed by email

KV
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Updates of the standard can be monitored at:
http://medical.nema.org

This workshop presentation will be made
available (abridged) at:

http://medical.nema.org/dicom/presents.html
Handouts:
• CD with tool, sample images

KV
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• New DICOM Objects for MR:
– will enhance interoperability
– increase cross system functionality
– reduce transfer time

• The benefits described in this presentation will only be visible  if
and when:
– MR (and CT) scanners
– DICOM workstations
– PACS systems

will change to support the new MR (and CT) DICOM objects.

• Hospitals, Clinics and Vendors need to prepare for this.

KV
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Images for this presentation were kindly provided by:

– GE Medical Systems
– Philips Medical Systems
– Siemens Medical Systems

• The slides of this presentation may be quoted if reference
and credit to DICOM WG-16 is properly indicated.

KV


