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Rationale for Correction:

The mandatory inclusion of the Plane Position Functional Group Macro (PPFGM) in Whole Slide
Microscopy IOD leads to unecessarily large headers in some cases. PPFGM is redundant if frames in the
object are non-sparse and sequentially (left to right, row by row, plane by plane) encoded, which is a very
common scenario in digital pathology today. Non-sparse and sequential encoding can be indicated in a
more compact and efficient manner by the use of a flag to indicate the raster organization of the tiles, after
which the physical position of each tile can be computed by the recipient from the mandatory Total Pixel
Matrix Origin Sequence (0048,0008).

Currently, PPFGM is mandatory and affects performance because the size of the PPFGM grows linearly
with the number of frames in the object (which can have tens-of-thousands of frames). The following
performace issues have been identified:

* Increased load time when headers are put into memory
* Increased delays when headers are transmitted over networks
* Increased complexity when headers are parsed by workstation software

DICOM services such as C-GET-WithoutBulkData and WADO-RS and QIDO-RS services which are
required for streaming WSI objects therefore suffer from noticeable loading/transfer lags in routine
conditions. There are performance issues related to rendering WSI objects as well since the PPFGM must
be parsed and validated by workstations.

Below is a simple benchmark to illustrate the performance issue related to load times:

>> File: D:\images\wg26\Hamamatsu\Dog 15x15 40x.dcm (~1.27 GB)
>> Dimensions: 69632 x 68096 (72352 frames)

>> Load time: 16963ms

>>

>> Remove PerFrameFunctionalGroupsSequence....

>> Save without PerFrameFunctionalGroupsSequence....

>> Load time without PerFrameFunctionalGroupsSequence: 510ms

These results are obtained using DCMTK tools (i5-3570 CPU with 16GB RAM).

[Open Issue: Is the ascending X, Y and Z offset order what is currently being encoded ... if not, how best to
describe the order? It is insufficient just to say "left-to-right and then top-to-bottom", unless this is somehow
referenced to the unit vector in the Image Orientation (Slide) (0048,0102), which defines the "row" and
"column" directions relative to the X, Y and Z Slide Coordinate System, though the Z (depth) direction is not
defined (would need to specify left or right handed normal). Two alternatives are described]

Sections of documents affected
PS 3.3 A.32.8.4
PS 3.3C.7.6.17

Correction Wording:

In PS 3.3 Table A.32.8.4-2, Make Plane Position Functional Group Macro Conditional:

Table A.32.8-2. VL Whole Slide Microscopy Image Functional Group Macros




Functional Group Macro

Section

Usage

Plane Position (Slide)

C.8.12.6.1

M C - Required if Dimension Organization Type (0020,9311) element is not

TILED_FULL; may be present otherwise

In PS 3.3 Table C.7.6.17-1, add new defined terms for Dimension Organization Type:

Table C.7.6.17-1. Multi-frame Dimension Module Attributes

Attribute Name

Tag

Type

Attribute Description

Dimension Organization Sequ

ence | (0020,9221) | 1

Sequence that lists the Dimension Organization UIDs referenced by the
containing SOP Instance. See Section C.7.6.17.2 for further explanation.

One or more ltems shall be included in this Sequence.

>Dimension Organization UID

(0020,9164) | 1

Uniquely identifies a set of dimensions referenced within the containing
SOP Instance. See Section C.7.6.17.2 for further explanation.

Dimension Organization Type

(0020,9311)| 3

Dimension organization of the instance.

Defined Terms:

3D Spatial Multi-frame image of equally spaced parallel
planes (3D volume set)

3D_TEMPORAL Temporal loop of equally spaced parallel-plane 3D
volume sets.

TILED_FULL Tiled image in which each frame represents a single
tile and the spatial positions of tiles are implicitly
defined as per Section C.7.6.17.x.

TILED_SPARSE Tiled image in which each frame represents a
single tile and the spatial positions of tiles are
explicitly defined by per-frame functional group
macro entries.

Dimension Index Sequence

(0020,9222) | 1

Identifies the sequence containing the indices used to specify the
dimension of the multi-frame object.

One or more Items shall be included in this Sequence.

C.7.6.17.X Spatial Location of Tiled Images

If Dimension Organization Type (0020,9311) is present with a value of TILED_FULL, then the Per-

Frame Functional Group Macro that would otherwise describe the spatial location of each tile

explicitly (e.g., the X, Y and Z offsets from the origin in the Slide Coordinate System Plane Position

(Slide)) may be omitted. A value of TILED FULL indicates that frames in the multi-frame object are a

non-sparse representation of an entire rectangular region, and are sequentially encoded as

successive frames in Pixel Data (7FE0,0010) in an implicit order varying:




Alternative 1: first along the X axis from lowest to highest X offset value, then along the Y axis from

lowest to highest Y offset value, then along the Z axis from lowest to highest Z offset value of the

Slide Coordinate System.

Alternative 2: first along the row direction from left-to-right, then along the column direction from

Slide Coordinate System by the first three values of Image Orientation (Slide) (0048,0102) and the

column direction by the second three values of Image Orientation (Slide) (0048,0102).

If Dimension Organization Type (0020,9311) is absent or has a value of TILED SPARSE, then the the

spatial location of each tile is explicitly encoded in the normal manner. The recipient shall not make

any assumption about the spatial position or order of the encoded frames but shall rely on the

values of the relevant Per-Frame Functional Group Macro.

In PS 3.3 for reference unchanged, the definition of Plane Position (Slide) Macro:

C.8.12.6.1 Plane Position (Slide) Macro

Table C.8.12.6.1-1 specifies the attributes of the Plane Position (Slide) Functional Group Macro.

Table C.8.12.6.1-1. Plane Position (Slide) Macro Attributes

Attribute Name

Tag

Type

Attribute Description

Plane Position (Slide) Sequence

(0048,021A)

1

Describes position of frame in the Total Pixel Matrix and in the
Slide Coordinate System Frame of Reference.

Only a single Item shall be included in this Sequence.

>Column Position In Total Image Pixel Matrix

(0048,021E)

The column position of the top left hand pixel of the frame in
the Total Pixel Matrix (see Section C.8.12.4.1.1). The column
position of the top left pixel of the Total Pixel Matrix is 1.

>Row Position In Total Image Pixel Matrix

(0048,021F)

The row position of the top left hand pixel of the frame in the
Total Pixel Matrix (see Section C.8.12.4.1.1). The row position
of the top left pixel of the Total Pixel Matrix is 1.

>X Offset in Slide Coordinate System

(0040,072A)

The X offset in mm from the Origin of the Slide Coordinate
System. See Figure C.8-16.

>Y Offset in Slide Coordinate System

(0040,073A)

The Y offset in mm from the Origin of the Slide Coordinate
System. See Figure C.8-16.

>Z Offset in Slide Coordinate System

(0040,074A)

The Z offset in ym from the Origin of the Slide Coordinate
System, nominally the surface of the glass slide substrate.
See Figure C.8-17

Note

Required even if only a single focal plane was
acquired.




| In PS 3.3 for reference unchanged, the definition of Total Pixel Matrix Origin Sequence:

C.8.12.4 Whole Slide Microscopy Image Module

Table C.8.12.4-1 specifies the Attributes that describe the Whole Slide Microscopy Image Module.

Table C.8.12.4-1. Whole Slide Microscopy Image Module Attributes

Attribute Name

Tag

Type

Attribute Description

Image Type

(0008,0008)

1

Image identification characteristics.

See Section C.8.12.4.1.1 for specialization.

Imaged Volume Width

(0048,0001)

Width of total imaged volume (distance in the direction of rows in
each frame) in mm. See Section C.8.12.4.1.2

Imaged Volume Height

(0048,0002)

Height of total imaged volume (distance in the direction of
columns in each frame) in mm. See Section C.8.12.4.1.2

Imaged Volume Depth

(0048,0003)

Depth of total imaged volume (distance in the Z direction of focal
planes) in ym. See Section C.8.12.4.1.2

Total Pixel Matrix Columns

(0048,0006)

Total number of columns in pixel matrix; i.e., width of total
imaged volume in pixels. See Section C.8.12.4.1.3

Total Pixel Matrix Rows

(0048,0007)

Total number of rows in pixel matrix; i.e., height of total imaged
volume in pixels. See Section C.8.12.4.1.3

Total Pixel Matrix Origin Sequence

(0048,0008)

Location of pixel 1\1 of the total pixel matrix in the Slide
Coordinate System Frame of Reference.

Only a single Item shall be included in this Sequence.

See Section C.8.12.4.1.4 and Section C.8.12.2.1.1 for further
explanation

>X Offset in Slide Coordinate System

(0040,072A)

The X offset in millimeters from the Origin of the Slide
Coordinate System.

>Y Offset in Slide Coordinate System

(0040,073A)

The Y offset in millimeters from the Origin of the Slide
Coordinate System.

Image Orientation (Slide)

(0048,0102)

The direction cosines of the first row and the first column of the
total pixel matrix with respect to the Slide Coordinate System
Frame of Reference. See Section C.8.12.4.1.4

Samples Per Pixel

(0028,0002)

Number of samples (color planes) per frame in this image.

Enumerated Values:

3
1

See Section C.8.12.4.1.5 for further explanation.




C.8.12.4.1.4 Total Pixel Matrix Origin Sequence and Image Orientation (slide)

Total Pixel Matrix Origin Sequence (0048,0008) specifies the location of the top leftmost pixel of the pixel matrix, and
Image Orientation (Slide) (0048,0102) specifies the direction cosines of the first row and the first column of the pixel
matrix, both with respect to the Slide Coordinate System Frame of Reference (see Section C.8.12.2). Although the
image acquisition may vary the true row and column orientation at the pixel scale to account for local variation in the
physical specimen, this attribute describes the orientation as if the Pixel Matrix were flat.

Note

Typically, Image Orientation (Slide) will describe only a planar rotation, as the image plane is usually nominally
parallel to the slide surface.

In PS 3.3 for reference unchanged, the definition of the Slice Coordinate System:

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 is 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.

Note
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 nominally represents the Left Edge of the Slide. The X-axis
is a line that is orthogonal to the Y-axis and nominally represents 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.
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Figure C.8-16. Reference Slide Orientation

Note

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.

4. The origin of a Frame of Reference is arbitrary (see Section C.7.4.1), but its nominal location for
consistency of slide coordinates is defined in this section.

Figure C.8-17 depicts the Z-axis center point location. The X-axis value of Image Center Point Location (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) shall increase from the Origin toward the Label Edge in Reference Slide Orientation. The Z-
axis value of Image Center Point Location (0040,073A) shall be nominally referenced as zero at the image substrate
reference plane (i.e., the top 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



