General Comments

The basis for this representation is to use the enhanced family of multi-frame IOD in DICOM to encode:

· whole slide images

· in a tiled representation, one frame per tile

· allowing for pyramidal multi-resolution decomposition in the same instance as long as the tiles are the same number of rows and columns

· 8 or 16 bits per channel

· 1 or 3 channels for monochrome (single spectral), or true color (with a 2-color option, and specific color channel descriptors) and color consistency with ICC profiles.

· compression of the frames using the normal DICOM PS 3.5 transfer syntaxes (which are not repeated here but include lossless and lossy JPEG and JPEG 2000)
Open Issues

1. A new modality WSI is proposed; should existing SM be used instead ? Can always distinguish these based on SOP Class

2. The existing Sup 122 Specimen Module is presumed sufficient to identify the slide. Is more necessary ?

3. Acquisition Context may be unnecessary if Sup 122 Specimen Module is sufficient.

4. Values for Image and Frame Type Value 3 and 4 (flavor and derivation) need to be defined.

5. Is it sufficient to define tile location only by floating point X, Y and Z position, or are integer indices of tile offset and depth required ? The former (alone) better supports sparseness and overlap.

6. Is there a need to flag regularly sampled (non-sparse, non-overlapped) acquisitions from those that are more complex ? Different SOP Class perhaps (support of simpler form might be less burdensome for recipients).

7. Is 16 bits per channel required in addition to 8 ? Very likely.

8. Illuminant and filtration are likely to need extension/modification since the values here were derived from ophthalmology.

9. Informative material describing mapping of pyramid to tiles to frames is required.

10. Informative material describing relationships of acquisition to series/concatenation/instance/frame and slide frame of reference is required

11. Material from existing slide microscopy coordinates should be refactored into better description of slide frame of reference.

12. Orientation is assumed to be unconstrained within slide frame of reference using direction cosines … this seems unnecessarily complex and indeed a single fixed orientation might suffice ? Burdensome for receiver to deal with otherwise.

13. Standard DICOM Icon Image is retained, even though lowest resolution tile arguably serves the same purpose, for compatibility with general purpose image management systems.

14. Derived and Reference image support is provided at both frame and image levels as is the norm.
Add new IOD:
A.X
VL Whole Slide Microscopy Information Object Definition

A.X.1
VL Whole Slide Microscopy IOD Description

The VL Microscopy Image IOD specifies the Attributes of Multi-frame Visible Light Whole Slide Microscopy Images encoded as a tiled, pyramidal, multi-resolution decomposition.
Each frame encodes a single tile. All tiles have the same size (rows and columns) but may be from a different level of a pyramidal decomposition representing a different “magnification” (i.e., having a different pixel spacing). An entire set of tiles for an acquisition may be included in a single instance, in multiple instances of a single concatenation, or in multiple instances in a series (with our without concatentations). E.g., a single instance may contain an entire low resolution image as a single tile (single frame), or a single instance may contain an entire multi-resolution acquisition (multiple frames).
A.X.2
VL Whole Slide Microscopy IOD Entity-Relationship Model
The E-R Model in section A.1.2 depicts those components of the DICOM Information Model that comprise the VL Whole Slide Microscopy IOD.

A.X.3
VL Whole Slide Microscopy IOD Module Table

Table A.X-1
VL WHOLE SLIDE MICROSCOPY IOD MODULES

	IE
	Module
	Reference
	Usage

	Patient
	Patient 
	C.7.1.1
	M

	
	Clinical Trial Subject
	C.7.1.3
	U

	Study
	General Study
	C.7.2.1
	M

	
	Patient Study 
	C.7.2.2
	U

	
	Clinical Trial Study
	C.7.2.3
	U

	Series
	General Series
	C.7.3.1
	M

	
	Whole Slide Microscopy Series
	C.8.X.1
	M

	
	Clinical Trial Series
	C.7.3.2
	U

	Frame of Reference
	Whole Slide Frame of Reference
	C.8.X.2
	M

	Equipment
	General Equipment 
	C.7.5.1
	M

	
	Enhanced General Equipment
	C.7.5.2
	M

	Image
	General Image
	C.7.6.1
	M

	
	Image Pixel 
	C.7.6.3
	M

	
	Multi-frame Functional Groups
	C.7.6.16
	M

	
	Multi-frame Dimension
	C.7.6.17
	M

	
	Acquisition Context
	C.7.6.14
	M

	
	Whole Slide Microscopy Image 
	C.8.X.3
	M

	
	Specimen 
	C.7.6.2x
(Sup 122)
	M

	
	ICC Profile
	C.11.15
	C – Required if Photometric Interpretation is not MONOCHROME2

	
	SOP Common
	C.12.1
	M


A.X.3.1
VL Whole Slide Microscopy IOD Content Constraints

A.X.3.1.1
Dimensions

(Ed. Note. … May want to constrain the possibilities for dimensions here, to increase interoperability, e.g., for a pyramidal decomposition with multiple focal planes and different illuminants, specify those dimensions in that order.)
A.X.3.1.2
Acquisition Context

(Ed. Note. … Is used to describe stuff like staining, that is not already described in Sup 122 Specimen Module etc., rather than hard-wired attributes ? Need context groups for this. Otherwise drop it)
A.X.4
VL Whole Slide Microscopy Functional Group Macros

Table A.X-2 specifies the use of the Functional Group macros used in the Multi-frame Functional Groups Module for the VL Whole Slide Microscopy IOD.

Table A.X-2
VL WHOLE SLIDE MICROSCOPY FUNCTIONAL GROUP MACROS

	Functional Group Macro
	Section
	Usage

	Frame Content
	C.7.6.16.2.2
	M – May not be used as a Shared Functional Group.

	Referenced Image
	C.7.6.16.2.5
	U

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

	Pixel Measures
	C.7.6.16.2.1
	M

	Plane Position (Slide)
	C.7.6.16.2.X1
	M

	Plane Orientation (Slide)
	C.7.6.16.2.X2
	M

	Multi-resolution Level
	C.7.6.16.2.X3
	M

	Light Path
	C.7.6.16.2.X4
	M

	Whole Slide Microscopy Image Description
	C.8.X.4.1
	M


A.X.4.1
VL Whole Slide Microscopy Functional Group Macros Content Constraints

A.X.4.1.1
Plane Position (Slide) and Plane Orientation (Slide) Macros

There is no requirement that the set of frames in a single instance or concatenation span the entire acquired volume either within a single multi-resolution decomposition layer or at all resolutions. I.e., the sampling of the slide may be “sparse”.

There is no requirement that the frames not overlap within the same multi-resolution decomposition layer.

There is no requirement that the orientation of each frame be the same. (Ed. Note: could be done by requiring the orientation macro to be shared rather than per-frame functional group)
(Ed. Note: no specific tiling pattern is defined, nor is any tile order or tile index provided; it is assumed that the spatial slide positions are sufficient … this could be augmented with integer tile “indices” in the X and Y plane if necessary)
For reference, relevant PS 3.3 C.7.6.16.2 Common Functional Groups:
C.7.6.16.2.1
Pixel Measures Macro

Table C.7.6.16-2 specifies the attributes of the Pixel Measures Functional Group macro.

Table C.7.6.16-2
PIXEL MEASURES MACRO ATTRIBUTES

	Attribute Name
	Tag
	Type
	Attribute Description

	Pixel Measures Sequence
	(0028,9110)xe "(0028,9110)"
	1
	Identifies the physical characteristics of the pixels of this frame. Only a single Item shall be permitted in this sequence.

	>Pixel Spacing
	(0028,0030)xe "(0028,0030)"
	1C
	Physical distance in the patient between the centers of each pixel, specified by a numeric pair - adjacent row spacing (delimiter) adjacent column spacing in mm. See 10.7.1.3 for further explanation of the value order.

Note:
In the case of CT images with an Acquisition Type (0018,9302) XE "(0018,9302)"  of CONSTANT_ANGLE, the pixel spacing is that in a plane normal to the central ray of the diverging X-Ray beam as it passes through the data collection center.

Required if Volumetric Properties (0008,9206)xe "(0008,9206)" is other than DISTORTED or SAMPLED. May be present otherwise.

	>Slice Thickness
	(0018,0050)xe "(0018,0050)"
	1C
	Nominal reconstructed slice thickness, in mm.

See C.7.6.2.1.1 and C.7.6.16.2.3.1 for further explanation.

Required if Volumetric Properties (0008,9206)xe "(0008,9206)" is VOLUME or SAMPLED. May be present otherwise.


(Ed. Note: This is what defines the “resolution” of a particular frame; need to tidy up language about spacing “in patient” perhaps, but desirable to re-use this (very common) macro if possible)
C.7.6.16.2.2
Frame Content Macro

Table C.7.6.16-3 specifies the attributes of the Frame Content Functional Group macro.

This Functional Group Macro may only be part of the Per-frame Functional Groups Sequence  (5200,9230)xe "(5200,9230)" attribute.

Table C.7.6.16-3
FRAME CONTENT MACRO ATTRIBUTES

	Attribute Name
	Tag
	Type
	Attribute Description

	Frame Content Sequence
	(0020,9111)xe "(0020,9111)"
	1
	Identifies general characteristics of this frame. Only a single Item shall be permitted in this sequence.

	>Frame Acquisition Number
	(0020,9156)xe "(0020,9156)"
	3
	A number identifying the single continuous gathering of data over a period of time that resulted in this frame.

	>Frame Reference DateTime
	(0018,9151)xe "(0018,9151)"
	1C
	The point in time that is most representative of when data was acquired for this frame. See C.7.6.16.2.2.1 and C.7.6.16.2.2.2 for further explanation.

Note:
The synchronization of this time with an external clock is specified in the synchronization Module in Acquisition Time synchronized (0018,1800).xe "(0018,1800)" 

Required if Frame Type (0008,9007)xe "(0008,9007)" Value 1 of this frame is ORIGINAL. May be present otherwise.

	>Frame Acquisition DateTime
	(0018,9074)xe "(0018,9074)"
	1C
	The date and time that the acquisition of data that resulted in this frame started. See C.7.6.16.2.2.1 for further explanation. 

Required if Frame Type (0008,9007)xe "(0008,9007)" Value 1 of this frame is ORIGINAL. May be present otherwise.

	>Frame Acquisition Duration
	(0018,9220)xe "(0018,9220)"
	1C
	The actual amount of time [in milliseconds] that was used to acquire data for this frame. See C.7.6.16.2.2.1 and C.7.6.16.2.2.3 for further explanation.

Required if Frame Type (0008,9007)xe "(0008,9007)" Value 1 of this frame is ORIGINAL. May be present otherwise.

	…
	…
	…
	…

	>Dimension Index Values
	(0020,9157)xe "(0020,9157)"
	1C
	Contains the values of the indices defined in the Dimension Index Sequence (0020,9222)xe "(0020,9222)" for this multi-frame header frame. The number of values is equal to the number of Items of the Dimension Index Sequence and shall be applied in the same order.

See section C.7.6.17.1 for a description.

Required if the value of the Dimension Index Sequence (0020,9222)xe "(0020,9222)" contains Items.

	…
	…
	…
	…

	>Stack ID
	(0020,9056)xe "(0020,9056)"
	3
	Identification of a group of frames, with different positions and/or orientations that belong together, within a dimension organization.

See C.7.6.16.2.2.4 for further explanation

	>In-Stack Position Number
	(0020,9057)xe "(0020,9057)"
	1C
	The ordinal number of a frame in a group of frames, with the same Stack ID 

Required if Stack ID (0020,9056)xe "(0020,9056)" is present.

See section C.7.6.16.2.2.4 for further explanation.

	>Frame Comments
	(0020,9158)xe "(0020,9158)"
	3
	User-defined comments about the frame.

	>Frame Label
	(0020,9453) XE "(0020,9453)" 
	3
	Label corresponding to a specific dimension index value. Selected from a set of dimension values defined by the application.

This attribute may be referenced by the Dimension Index Pointer (0020,9165) XE "(0020,9165)"  attribute in the Multi-frame Dimension Module.

See C.7.6.16.2.2.5 for further explanation.


Add to PS 3.3 C.7.6.16.2 Common Functional Groups:
C.7.6.16.2.X1
Plane Position (Slide) Macro

Table C.7.6.16.2.X1-1 specifies the attributes of the Plane Position (Slide) Functional Group macro.  

Table C.7.6.16.2.X1-1
PLANE POSITION (SLIDE) MACRO ATTRIBUTES

	Attribute Name
	Tag
	Type
	Attribute Description

	Image Center Point Coordinates Sequence
	(0040,071A)xe "(0040,071A)"
	1
	Identifies the coordinates of the center point of this frame in the Slide Coordinate System Frame of Reference. Only a single Item shall be permitted in this sequence. See Section C.8.12.2.1.1 for further explanation. 

	>X Offset in Slide Coordinate System
	(0040,072A)xe "(0040,072A)"
	1
	The X offset in millimeters from the Origin of the Slide Coordinate System. See Figure C.8-16.

	>Y Offset in Slide Coordinate System
	(0040,073A)xe "(0040,073A)"
	1
	The Y offset in millimeters from the Origin of the Slide Coordinate System. See Figure C.8-16. 

	>Z Offset in Slide Coordinate System
	(0040,074A)xe "(0040,074A)"
	1
	The Z offset in microns from the image substrate reference plane (i.e. utilized surface of a glass slide).

Note:
Required even if only a single focal plane was acquired.


Ed. Note: Or do we want a three-valued Image Position (Slide) attribute a la Image Position (Patient), inside a Plane Position (Slide) Sequence … this encodes the same information but better matches the existing approach for CT slices, etc.
C.7.6.16.2.X2
Plane Orientation (Slide) Macro

Table C.7.6.16.2.X2-1 specifies the attributes of the Plane Orientation (Slide) Functional Group macro.  

Table C.7.6.16.2.X2-1
PLANE ORIENTATION (Slide) MACRO ATTRIBUTES

	Attribute Name
	Tag
	Type
	Attribute Description

	Plane Orientation (Slide) Sequence
	(gggg,ee01)xe "(0020,930F)"
	1
	Identifies orientation of the plane of this frame. Only a single Item shall be permitted in this sequence.

	>Image Orientation (Slide)
	(gggg,ee02)xe "(0020,9302)"
	1
	The direction cosines of the first row and the first column of the frame with respect to the Slide Coordinate System Frame of Reference.


C.7.6.16.2.X3
Multi-resolution Level Macro

Table C.7.6.16.2.X3-1 specifies the attributes of the Multi-resolution Level Functional Group macro.  

Table C.7.6.16.2.X3-1
MULTI-RESOLUTION LEVEL MACRO ATTRIBUTES

	Attribute Name
	Tag
	Type
	Attribute Description

	Multi-resolution Level Sequence
	(gggg,ee03)xe "(0020,930F)"
	1
	Identifies the level in the multi-resolution decomposition of this frame. Only a single Item shall be permitted in this sequence.

	>Multi-resolution Level
	(gggg,ee04)xe "(0020,9302)"
	1
	An integer defining the level in the multi-resolution decomposition such that 1 is the “top” level (lowest resolution) and higher numbers are “lower” levels (higher resolution), and all frames within the same level have the same value for this Attribute.


(Ed. Note. Could consider using Stack ID from Frame Content Macro instead of having a specific functional group and attribute, but concept is not quite the same.)
C.7.6.16.2.X4
Light Path Macro

Table C.7.6.16.2.X4-1 specifies the attributes of the Light Path Functional Group macro. 

(Ed. Note. May want to split this into separate macros, e.g., if illuminant is separate from filtration and one might be shared, the other per-frame, or the channel definition varies independently of the illuminant and filtration)
(Ed. Note. Attributes and Context Groups and Code Definitions ripped from Sup 91 Ophthalmic Photography Image)
Table C.7.6.16.2.X4-1
LIGHT PATH MACRO ATTRIBUTES

	Attribute Name
	Tag
	Type
	Attribute Description

	Light Path Sequence
	(gggg,ee05)xe "(0020,930F)"
	1
	Describes the light path used during the acquisition of this frame. Only a single Item shall be permitted in this sequence.

	>Illumination Type Code Sequence
	(0022,0016) xe “(0022,0016)”
	1
	Coded value for illumination. Only a single Item shall be permitted in this sequence.

	>>Include ‘Code Sequence Macro’ Table 8.8.1
	 Baseline Context ID is CIDxxx03

	>Light Path Filter Type Stack Code Sequence
	(0022,0017) xe “(0022,0017)”
	1C
	Filters used in the light source path. Only a single Item shall be permitted in this sequence. Required if filters used.

	>>Include ‘Code Sequence Macro’ Table 8.8.1
	 Baseline Context ID is CIDxxx04

	>Light Path Filter Pass-Through Wavelength
	(0022,0001) xe “(0022,0001)”
	1
	Nominal pass-through wavelength of light path filter in nm

	>Light Path Filter Pass Band
	(0022,0002) xe “(0022,0002)”
	1
	Pass band of light path filter in nm. This Attribute has two Values. The first is the shorter and the second the longer wavelength relative to the peak. The values are for the – 3dB nominal (1/2 of peak) pass through intensity.

One of the two Values may be zero length, in which case it is a cutoff filter.

	>Image Path Filter Type Stack Code Sequence
	(0022,0018) xe “(0022,0018)”
	1C
	Describes stack of filters used in image path. One or more items shall be present in the sequence. Required if filters used.

	>>Include ‘Code Sequence Macro’ Table 8.8.1
	 Baseline Context ID is CIDxxx04

	>Image Path Filter Pass-Through Wavelength
	(0022,0003) xe “(0022,0003)”
	1
	Nominal pass-through wavelength of image path filter in nm

	>Image Path Filter Pass Band
	(0022,0004) xe “(0022,0004)”
	1
	Pass band of image path filter in nm. This Attribute has two Values. The first is the shorter and the second the longer wavelength relative to the peak. The values are for the – 3dB nominal (1/2 of peak) pass through intensity.

One of the two Values may be zero length, in which case it is a cutoff filter

	>Channel Description Code Sequence
	(0022,001A) xe “(0022,001A)”
	1C
	Describes the light color used for each channel to generate the image. Required if this differs from the natural interpretation. 

Note:
Interpretation and representation of RGB images rely on the assumption that the red channel really contains the red wavelength range of illumination light, the blue channel the blue wavelength range, etc. Some modalities use the RGB Photometric Interpretation as a container representing 3 channels of any illumination wavelength. 

Shall have the same number of items as the Value of Samples per Pixel Used (0028,0003) XE "(0028,0003)"  if present, or otherwise the value of Samples per Pixel (0028,0002) XE "(0028,0002)" . The channels shall be described in the order in which the channels are encoded.

	>>Include ‘Code Sequence Macro’ Table 8.8.1
	 Baseline Context ID is CIDxxx06


Add to PS 3.16 Context Groups:
CID CIDxxx03
Microscopy Illumination 
Context ID CIDxxx03
Microscopy Illumination 

Type:   Extensible

Version:   yyyymmdd

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

	
	
	direct illumination

	
	
	


CID CIDxxx04
Microscopy Filter
Context ID CIDxxx04
Microscopy Filter

Type:   Extensible

Version:   yyyymmdd

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

	DCM
	111601
	Green filter

	DCM
	111602
	Red filter

	DCM
	111603
	Blue filter

	DCM
	111604
	Yellow-green filter

	DCM
	111605
	Blue-green filter

	DCM
	111606
	Infrared filter

	DCM
	111607
	Polarizing filter

	DCM
	111609
	No filter


CID CIDxxx06
Microscopy Channel Description
Context ID CIDxxx06
Microscopy Channel Description 

Type:   Extensible

Version:   yyyymmdd

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

	SRT
	G-A12F
	Blue

	SRT
	R-102C0
	Full Spectrum

	SRT
	G-A11E
	Green

	SRT
	R-102BE
	Infrared

	SRT
	G-A11A
	Red

	SRT
	G-A132
	Red free

	SRT
	R-102BF
	Ultraviolet


For reference, PS 3.16 16 Annex D DICOM Controlled Terminology Definitions:
	111601
	Green filter
	Filter that transmits one third of white light (green) while blocking the other two thirds
	

	111602
	Red filter
	Filter that transmits one third of white light (red) while blocking the other two thirds
	

	111603
	Blue filter
	Filter that transmits one third of white light (blue) while blocking the other two thirds
	

	111604
	Yellow-green filter
	A filter of 560nm that is used for retinal imaging and can provide good contrast and good visibility of the retinal vasculature
	

	111605
	Blue-green filter
	A filter of 490nm that is used for retinal imaging because of excessive scattering of some retinal structures at very short wavelengths
	

	111606
	Infrared filter
	Filter that transmits the infrared spectrum, which is light that lies outside of the visible spectrum, with wavelengths longer than those of red light, while blocking visible light
	

	111607
	Polarizing filter
	A filter that reduces reflections from non-metallic surfaces such as glass or water by blocking light waves that are vibrating at selected angles to the filter.
	

	111609
	No filter
	No filter used
	


Add to PS 3.3 C.8 Modality-specific Modules and Macros:
C.8.X
VL Whole Slide Microscopy Modules and Functional Group Macros

C.8.X.1
VL Whole Slide Microscopy Series Module

Table C.8.X.1-1 specifies attributes for the VL Whole Slide Microscopy Series Module, including specialization of attributes in the General Series Module for use in the VL Whole Slide Microscopy Series Module.

Table C.8.X.1-1 
VL WHOLE SLIDE MICROSCOPY SERIES MODULE ATTRIBUTES

	Attribute Name
	Tag
	Type 
	Attribute Description

	Modality
	(0008,0060)xe "(0008,0060)"
	1
	Type of equipment that originally acquired the data used to create the images in this Series.

Enumerated Values:

WSI
See section C.7.3.1.1.1 for further explanation. 

	Referenced Performed Procedure Step Sequence
	(0008,1111)xe "(0008,1111)"
	1C
	Uniquely identifies the Performed Procedure Step SOP Instance to which the Series is related (e.g. a Modality or General-Purpose Performed Procedure Step SOP Instance). The Sequence shall have one Item.

Required if the Modality Performed Procedure Step SOP Class or General Purpose Performed Procedure Step SOP Class is supported.

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


Add new Modality value to PS 3.3 C.7.3 General Series Module:
C.7.3.1.1
General Series Attribute Descriptions
C.7.3.1.1.1
Modality

Defined Terms for the Modality (0008,0060)xe "(0008,0060)" are:

	
	
	
	

	GM
	= General Microscopy
	SM
	= Slide Microscopy

	
	
	
	

	WSI
	= Whole Slide Imaging
	
	


Add new Modality value to PS 3.16 Context Group:
CID 29
Acquisition Modality

Context ID 29
Acquisition Modality
Type: Extensible Version: 20030108yyyymmdd
	Coding Scheme Designatorxe "(0008,0102)"
	Code Valuexe "(0008,0100)"
	Code Meaning xe "(0008,0104)"

	…
	…
	…

	DCM
	SM
	Slide Microscopy

	DCM
	WSI
	Whole Slide Imaging

	…
	…
	…


Add to PS 3.3 C.8 Modality-specific Modules and Macros:
C.8.X.2
Slide Frame of Reference Module

Table C.8.X.2-1 specifies the attributes of the Slide Frame Of Reference Module. See C.8.X.2.1 for an overview of the Slide Frame Of Reference Module.

Table C.8.X.2-1
SLIDE FRAME OF REFERENCE MODULE ATTRIBUTES

	Attribute Name
	Tag
	Type
	Attribute Description

	Slide Frame of Reference UID
	(gggg,0006)xe "(0020,9312)"
	1
	Uniquely identifies this Slide Frame of Reference.


C.8.X.2.1
Slide Frame of Reference Module Overview
The Ultrasound Frame of Reference Module is used to relate the image planes to a frame of reference appropriate for whole slide image acquisition.

The frame of reference is a Right-Hand Coordinate System (RHCS). x-positions are defined in mm with positive values increasing towards the right. y-positions are defined in mm with positive values in the direction of increasing image depth. z-positions are defined in mm with positive values in the direction as defined in a right-hand coordinate system.
(Ed. Note: reconcile with existing slide coordinates Module and related functional groups).
(Ed. Note: specify relationship between same SlFoRUID and images in separate instances without concatenation).
C.8.X.3
VL Whole Slide Microscopy Image Module

Table C.8.X.3-1 specifies the Attributes that describe the VL Whole Slide Microscopy Image Module.

Table C.8.X.3-1
VL WHOLE SLIDE MICROSCOPY IMAGE MODULE ATTRIBUTES

	Attribute Name
	Tag
	Type
	Attribute Description

	Image Type
	(0008,0008)xe "(0008,0008)"
	1
	Image identification characteristics.

See C.8.X.3.2 for specialization.

	Samples Per Pixel
	(0028,0002)xe "(0028,0002)"
	1
	Number of samples (planes) in this image. Enumerated values: 1 or 3. 

See C.8.X.3.1 for further explanation.

	Samples per Pixel Used
	(0028,0003) xe “(0028,0003)” 
	1C
	The number of samples (planes) containing information. Enumerated value: 2. 

Required if different from Samples per Pixel (0028,0002). 

See section C.8.X.3.1

	Photometric Interpretation
	(0028,0004)xe "(0028,0004)"
	1
	Specifies the intended interpretation of the pixel data.

See section C.8.X.3.1

	Planar Configuration
	(0028,0006)xe "(0028,0006)"
	1C
	Indicates whether the pixel data are sent color-by-plane or color-by-pixel. Required if Samples per Pixel (0028,0002)xe "(0028,0002)" has a value greater than 1.

Enumerated values:  0 (color-by-pixel)

	Bits Allocated
	(0028,0100)xe "(0028,0100)"
	1
	Number of bits allocated for each pixel sample.

Enumerated values:  8, 16

	Bits Stored
	(0028,0101)xe "(0028,0101)"
	1
	Number of bits stored for each pixel sample.

Enumerated values:  8, 16

	High Bit
	(0028,0102)xe "(0028,0102)"
	1
	Most significant bit for pixel sample data.

Enumerated values:  7, 15

	Pixel Representation
	(0028,0103)xe "(0028,0103)"
	1
	Data representation of pixel samples.

Enumerated value:

    0000H = unsigned integer

	Acquisition Datetime 
	(0008,002A)xe "(0008,002A)"
	1
	The date and time that the acquisition of data that resulted in this image started.

	Acquisition Duration
	(0018,9073)xe "(0018,9073)"
	1
	Duration of the image acquisition in ms.

	Lossy Image Compression
	(0028,2110)xe "(0028,2110)"
	1C
	Specifies whether an Image has undergone lossy compression.

Enumerated Values:

00

Image has NOT been subjected to lossy compression.

01

Image has been subjected to lossy compression.

See C.7.6.1.1.5

Required if Lossy Compression has been performed on the Image.

	Lossy Image Compression Ratio
	(0028,2112)xe "(0028,2112)"
	1C
	See C.7.6.1.1.5 for further explanation.

Required if Lossy Image Compression (0028,2110)xe "(0028,2110)" equals 01.

	Lossy Image Compression Method
	(0028,2114)xe "(0028,2114)"
	1C
	A label for the lossy compression method(s) that have been applied to this image.

See C.7.6.1.1.5 for further explanation.

May be multi valued if successive lossy compression steps have been applied; the value order shall correspond to the values of Lossy Image Compression Ratio (0028,2112)xe "(0028,2112)".

Note:  For historical reasons, the lossy compression method may also be described in Derivation Description (0008,2111).

Required if Lossy Image Compression (0028,2110)xe "(0028,2110)" equals 01.

	Presentation LUT Shape
	(2050,0020)xe "(2050,0020)"
	1C
	Specifies an identity transformation for the Presentation LUT, such that the output of all grayscale transformations defined in the IOD containing this Module are defined to be P-Values.

Enumerated Values:

IDENTITY - output is in P-Values.
Required if Photometric Interpretation is MONOCHROME2.

	Rescale Intercept
	(0028,1052)xe "(0028,1052)"
	1C
	The value b in relationship between stored values (SV) and the output units. 

Output units = m*SV + b.

Enumerated value 0 

Required if Photometric Interpretation is MONOCHROME2.

	Rescale Slope
	(0028,1053)xe "(0028,1053)"
	1C
	m in the equation specified by Rescale Intercept (0028,1052)xe "(0028,1052)".

Enumerated value 1 

Required if Photometric Interpretation is MONOCHROME2.

	Source Image Sequence
	(0008,2112)xe "(0008,2112)"
	1C
	A Sequence that identifies the set of Image SOP Class/Instance pairs of the Images that were used to derive this Image. Zero or more Items may be included in this Sequence.

See C.7.6.1.1.4 for further explanation.

Required if Image Type (0008,0008)xe "(0008,0008)" Value 1 is DERIVED.

	>Include ‘Image SOP Instance Reference Macro’ Table 10-3

	>Purpose of Reference Code Sequence
	(0040,A170)xe "(0040,A170)"
	1
	Describes the purpose for which the reference is made.

Only a single item shall be permitted in this sequence.

	>>Include ‘Code Sequence Macro’ Table 8.8-1
	Defined Context ID is 7202

	Referenced Image Sequence
	(0008,1140)xe "(0008,1140)"
	3
	A sequence that references other images significantly related to this image. (e.g., an image containing spatially related frames)

One or more Items may be included in this sequence.

	>Include ‘Image SOP Instance Reference Macro’ Table 10-3

	>Purpose of Reference Code Sequence
	(0040,A170)xe "(0040,A170)"
	1
	Describes the purpose for which the reference is made.

Only a single item shall be permitted in this sequence.

	>>Include ‘Code Sequence Macro’ Table 8.8-1
	Defined Context ID is 7201

	Burned In Annotation
	(0028,0301)xe "(0028,0301)"
	1
	Indicates whether or not image contains sufficient burned in annotation to identify the patient and date the image was acquired.

Enumerated Value:

NO

	Icon Image Sequence
	(0088,0200)xe "(0088,0200)"
	3
	This icon image is representative of the image.

	>Include ‘Image Pixel Macro’ Table C.7-11b
	See C.7.6.1.1.6 for further explanation.


C.8.X.3.1
Photometric Interpretation, Samples per Pixel and Samples per Pixel Used

Photometric Interpretation (0028,0004) shall be one of these Enumerated Values:

MONOCHROME2

RGB

YBR_FULL_422

YBR_PARTIAL_420

YBR_ICT

YBR_RCT

appropriate to any compression transfer syntax used, if any, and shall be MONOCHROME2 or RGB for uncompressed or lossless compressed transfer syntaxes that do not involve color space transformations, YBR_ICT for irreversible JPEG 2000 transfer syntaxes, YBR_RCT for reversible JPEG 2000 transfer syntaxes, YBR_PARTIAL_420 for MPEG2 transfer syntaxes and YBR_FULL_422 for other lossy compressed transfer syntaxes.

Note:
Future lossless and lossy transfer syntaxes may lead to the need for new definitions and choices for Photometric Interpretation.

Samples per Pixel (0028,0002) XE "(0028,0002)"  shall be 1 for MONOCHROME2, and 3 otherwise. 

(Ed. Note. “2-color” concept ripped from Sup 91 Ophthalmic Photography Image – can drop this if this “feature” is not required).
Systems producing 2-color images are required to use a value of 3 for Samples per Pixel (0028,0002) XE "(0028,0002)"  and a value of 2 for Samples per Pixel Used (0028,0003) XE "(0028,0003)" . For 2-color images with a RGB Photometric Interpretation, the R and G channel shall be used and the B channel shall have all values set to zero. 

Note: 
In the case of Photometric Interpretations typically used for compression such as YBR_FULL_422, the encoding of 2-color images will be as if the RGB values were transformed to YCbCr.

C.8.X.3.2
Image Type

Image Type (0008,0008)xe "(0008,0008)" is specified to be Type 1 with the following constraints:

Value 1 shall have a value of ORIGINAL or DERIVED or MIXED (see C.8.16.1.1)

Value 2 shall have a value of PRIMARY (see C.8.16.1.2)

Value 3 (Image Flavor) shall be VOLUME (see C.8.16.1.3)

Value 4 (Derived Pixel Contrast) shall be NONE if Value 1 is ORIGINAL

Additional values may be present.

(Ed. Note. May want to come up with some WSI-appropriate values for Value 3, since the intent of this value is to provided a single short description of the “type” or “flavor” of the image, if there are multiple different such images that might be present. May also want to add to the list for Value 4 if there are particular types of derived images that are common in microscopy, e.g., common types of post-processing).
C.8.X.4
Whole Slide Microscopy Functional Group Macros 

The following sections contain Functional Group macros specific to the Whole Slide Microscopy IOD.

Note:
The attribute descriptions in the Functional Group Macros are written as if they were applicable to a single frame (i.e., the macro is part of the Per-frame Functional Groups Sequence). If an attribute is applicable to all frames (i.e. the macro is part of the Shared Functional Groups Sequence) the phrase “this frame” in the attribute description shall be interpreted to mean “ for all frames”.
C.8.X.4.1
Whole Slide Microscopy Image Description Macro

Table C.8.X.4.1-1 specifies the attributes of the Whole Slide Microscopy Image Description Functional Group Macro.

Table C.8.X.4.1-1
WHOLE SLIDE MICROSCOPY IMAGE DESCRIPTION MACRO ATTRIBUTES

	Attribute Name
	Tag
	Type
	Attribute Description

	Whole Slide Microscopy Image Description Sequence
	(gggg,0007)xe "(0018,9806)"
	1
	A sequence that describes a general description of this image or frame.

Only a single Item shall be permitted in this sequence.

	>Frame Type
	(0008,9007)xe "(0008,9007)"
	1
	Type of Frame. A multi-valued attribute analogous to the Image Type (0008,0008)xe "(0008,0008)".

Enumerated Values and Defined Terms are the same as those for the four values of the Image Type (0008,0008)xe "(0008,0008)" attribute, except that the value MIXED is not allowed. See section C.8.X.3.2.

	>Volumetric Properties
	(0008,9206)xe "(0008,9206)"
	1
	Indication if geometric manipulations are possible with frames in the SOP Instance.

Enumerated Value: VOLUME

See C.8.16.2.1.2.

	>Volume Based Calculation Technique


	(0008,9207)xe "(0008,9207)"
	1
	Method used for volume calculations with frames in the SOP Instance.

Enumerated Value: NONE

See C.8.16.2.1.2.


PS 3.3 C.8.12.2 reproduced for reference from existing standard:
C.8.12.2
Slide Coordinates Module

The table in this Section contains Attributes that describe Slide Coordinates. Slide Coordinates provide a means to position a robotic Microscope Stage reproduceably with respect to the pixel plane of the digital Microscope.

Note: There is no a priori correspondence of pixels to Slide Coordinates. Therefore, the geometrical symmetry point through the pixel plane of the digital microscope may not correspond to the center of a pixel. The geometrical symmetry point could be between pixels.
Table C.8-78
Slide Coordinates Module Attributes

	Attribute Name
	Tag
	Type
	Attribute Description

	Image Center Point Coordinates Sequence
	(0040,071A)xe "(0040,071A)"
	2
	The coordinates of the center point of the Image in the Slide Coordinate System Frame of Reference. Zero or one item shall be present in the sequence. See Section C.8.12.2.1.1 for further explanation. 

	>X Offset in Slide Coordinate System
	(0040,072A)xe "(0040,072A)"
	1
	The X offset in millimeters from the Origin of the Slide Coordinate System. See Figure C.8-16.

	>Y Offset in Slide Coordinate System
	(0040,073A)xe "(0040,073A)"
	1
	The Y offset in millimeters from the Origin of the Slide Coordinate System. See Figure C.8-16. 

	>Z Offset in Slide Coordinate System
	(0040,074A)xe "(0040,074A)"
	2
	The Z offset in microns from the image substrate reference plane (i.e. utilized surface of a glass slide). 

	Pixel Spacing Sequence
	(0040,08D8)xe "(0040,08D8)"
	3
	Physical distance in the Imaging Subject, i.e. Patient or Specimen, between the center of each pixel along specified axes. One or more items may be present. 

	>Coordinate System Axis Code Sequence
	(0040,08DA)xe "(0040,08DA)"
	1
	Axis of a coordinate system. This sequence shall contain exactly one item.

	>>Include ‘Code Sequence Macro’ Table 8.8-1
	Baseline Context ID is 95.

	>Numeric Value
	(0040,A30A)xe "(0040,A30A)"
	1
	The distance between the center-points of adjacent pixels along the axis specified by Coordinate System Axis Code Sequence (0040,08DA)xe "(0040,08DA)". 

	>Measurement Units Code Sequence
	(0040,08EA)xe "(0040,08EA)"
	1
	Units of the measurement. This sequence shall contain exactly one item. 

	>>Include ‘Code Sequence Macro’ Table 8.8-1
	Baseline Context ID is 82.


C.8.12.2.1
Slide Coordinates Attribute Descriptions

C.8.12.2.1.1
Image Center Point Coordinates Sequence

This Section defines the Slide Coordinate System and specifies the Attributes that shall be used to describe the location of the center point of the Image pixel plane (as captured through a microscope) in the Slide Coordinate System Frame of Reference. 

Note:
In Slide Microscopy (SM), the Microscope is equipped with a moveable Stage and position sensors that enable storage of the location of the center point of the displayed image with respect to the examined Specimen.

The Stage is the part of the Microscope to which the Slide is attached for viewing. The Objective Lens is the lens that is closest to the Specimen. The Top Surface of the Slide is the surface of the Slide on which the Specimen in Mounted. The Bottom Surface of the Slide is the opposite surface. This Specification presumes that: 1) the Slide is rectangular; 2) the Top Surface of the Slide is oriented toward the Objective Lens of the Microscope; and 3) the Bottom Surface of the Slide is in perfect contact with the Microscope Stage when the Slide is attached to the Stage for viewing.

Notes:
1. The Label of the Slide is presumed to be mounted-on or written-on the Top Surface of the Slide.


2. Specification of the mechanical form, function, or tolerances of the Microscope are outside the scope of this Standard.

Figure C.8-16 depicts the Top Surface of the Slide on the Microscope Stage from the perspective of the Objective Lens. This is Reference Slide Orientation. The X, Y, and Z axes of the Slide Coordinate System in Reference Slide Orientation are defined as follows. The Y-axis is a line that includes the Left Edge of the Slide. The X-axis is a line that is orthogonal to the Y-axis and includes at least one point of the Specimen Edge of the Slide. The Z-axis is a line that passes through the intersection of the X-axis and Y-axis and is orthogonal to the Microscope Stage. The Origin (0,0,0) of the Slide Coordinate System is the point of intersection of the X, Y, and Z axes.


[image: image1.wmf]
Figure C.8-16
REFERENCE SLIDE ORIENTATION

Notes:
1. An improperly-placed coverslip or Specimen that overlaps an Edge of a Slide is not considered part of the Edge a Slide for purposes of defining the Slide Coordinate System. However, such objects may cause inaccurate positioning of the Slide on the Stage.


2. If the Left Edge and Specimen Edge of the Slide are not orthogonal (e.g.  the Slide is damaged or defective or the Specimen Edge is curvilinear), then the lower left-hand corner of the Slide may not be located at the Origin.


3. The definitions of X, Y, and Z axes are the same for inverted microscopes, with the Top Surface of the slide (i.e. Specimen side of the Slide) still being closest to the Objective Lens.

Figure C.8-17 depicts the Z-axis center point location. The X-axis value of Image Center Point Location (0040,073A)xe "(0040,073A)" shall increase from the Origin toward the Right Edge in Reference Slide Orientation. The Y-axis value of Image Center Point Location (0040,073A)xe "(0040,073A)" shall increase from the Origin toward the Label Edge in Reference Slide Orientation.  The Z-axis value of Image Center Point Location (0040,073A)xe "(0040,073A)" shall be referenced as zero at the image substrate reference plane (i.e. utilized surface of a glass slide) and shall increase in a positive fashion coincident with increased distance from the substrate surface. 
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Figure C.8-17
Z-AXIS CENTER POINT LOCATION, VIEW FROM RIGHT EDGE OF SLIDE
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