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Log Summary: Photogrammetric Model Enhancement of VL 10Ds

Name of Standard
PS3.3 and PS3.6 2021a

Rationale for Correction:

Stereoscopic imaging systems with a digital processing chain become more and more available for surgical
procedures in the operating room. All major manufacturers have developed and deployed such systems for
surgical microscopy, minimally invasive, and robotic-assisted surgery. Therefore, each day, minimally
invasive and microsurgical procedures generate millions of gigabytes of unstructured monoscopic and
stereoscopic video data. This data can be automatically analysed and annotated to provide navigational aid
in complex procedures, e.g., image-based measurements of anatomical details and augmented and mixed
reality applications. Such methods and applications are highly dependent on a metric true-scale
representation of the anatomy/surgical scene. Therefore, calibration (see C.8.12.XX) is a crucial process to
allow the determination of optical lens and sensor parameters. These parameters describe the specific
characteristics of the imaging system for image-based and radiation-free measurement tasks/surveys using
a photogrammetric camera.

To make use of the photogrammetric camera model, this change proposal introduces a new module for
describing the equipment characteristics of VL devices including parameters for the assessment of the
calibration quality for metric measurements (measurement uncertainty).

Devices addressed by this CP are based on the pinhole camera model, following a perspective projection
model (de facto standard for digital image sensors in close-range photogrammetry). The authors are aware
of other camera lens models and more complex lens characteristics e.g., fisheye, wide-angle or zoom
lenses, which have been considered for the specification of this proposal.

This proposal addresses all DICOM VL objects, e.g., images and video, for monoscopic and stereo-/
multiscopic alike. It also introduces a solution to cover the special real-time constraint for zoom lenses (e.g.,
changing the magnification factor during the procedure, which would require a different lens parameter set).

To define a solid solution for current as well as future applications, the authors suggest added a VL
Equipment Module describing the photogrammetric model parameters for each zoom step of the VL system
(e.g., (surgical) microscope, endoscope, photographic camera). These zoom steps are linked to each
individual image or video frame of a VL object by extending the VL Image Module (PS3.3 Section C.8.12.1)
accordingly.

Parts of the standard affected are PS3.3 and PS3.6.

Correction Wording:
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\ Part 3 - Information Object Definitions

\ Modify Table A.32.1-1 in PS3.3 Section A.32.1.3

Table A.32.1-1. VL Endoscopic Image 10D Modules

IE Module Reference Usage
Patient Patient C711 M
Clinical Trial Subject C713 |U
Study General Study C721 M
Patient Study c722 |U
Clinical Trial Study €723 |U
Series General Series C731 M
Clinical Trial Series c732 U
Equipment |General Equipment c751 M
Image General Image Cc76.1 |M
General Reference c.124 |U
Image Pixel c763 |M
Acquisition Context c.76.14 M
Extended Photographic Acquisition | C.8.12.XX |U
Context
Device c76.12 |U
Specimen c7.622 |U
VL Image cs8.121 M
Multi-frame c766 M
Module
Overlay Plane co2 U
ICC Profile ci11.15 |U
SOP Common ci121 |M
Common Instance Reference c.122 |U

Modify Table A.32.4-1 in PS3.3 Section A.32.4.3

Table A.32.4-1. VL Photographic Image 10D Modules
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IE Module Reference Usage
Patient Patient 711 M
Clinical Trial Subject €713 |U
Study General Study C721 M
Patient Study Cc722 |U
Clinical Trial Study C.723 |U
Series General Series C731 |M
Clinical Trial Series c732 U
Equipment  |General Equipment c751 M
Image General Image c76.1 |M
General Reference C.124 |U
Image Pixel c763 |[M
Acquisition Context c.76.14 M
Extended Photographic Acquisition | C.8.12.XX |U
Context
Device c7e.12 |U
Specimen c7.622 |U
VL Image cs8.121 M
Multi-frame c766 |M
Module
Overlay Plane co2 |V
ICC Profile ci11.15 |U
SOP Common c.121 |M
Common Instance Reference c.122 |U

‘ Modify Table A.32.5-1 in PS3.3 Section A.32.5.3

Table A.32.5-1. Video Endoscopic Image IOD Modules

IE Module Reference Usage
Patient Patient C.7.1.1 M
Clinical Trial Subject C713 U
Study General Study C.7.21 M
Patient Study C.722 U
Clinical Trial Study C.7.23 U
Series General Series C.7.3.1 M
Clinical Trial Series C.73.2 U
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Equipment | General Equipment C.7.5.1 M
Image General Image C.7.6.1 M
General Reference C.124 U
Cine C.7.6.5 M
Multi-frame C.7.6.6 M
Image Pixel C.76.3 M
Acquisition Context C.7.6.14 M
Extended Photographic Acquisition | C.8.12.XX u
Context
Device C.76.12 U
Specimen C.7.6.22 C - Required if the
Imaging Subject is a
Specimen
VL Image c.8.121 M
ICC Profile C.11.15 U
SOP Common C.121 M
Common Instance Reference C.12.2 U
Frame Extraction C.12.3 C - Required if the SOP

Instance was created in
response to a Frame-
Level retrieve request

Modify Table A.32.7-1 in PS3.3 Section A.32.7.3

Table A.32.7-1. Video Photographic Image IOD Modules

IE Module Reference Usage
Patient Patient C.711 M
Clinical Trial Subject C.71.3 u
Study General Study C.7.21 M
Patient Study C722 U
Clinical Trial Study C.723 U
Series General Series C.7.3.1 M
Clinical Trial Series C.7.3.2 U
Frame of Synchronization C.74.2 u
Reference
Equipment General Equipment C.7.51 M
Image General Image C.7.6.1 M
General Reference C.124 U
Cine C.765 M
Multi-frame C.7.6.6 M
Image Pixel C.7.6.3 M
Acquisition Context C.7.6.14 M
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Extended Photographic Acquisition | C.8.12.XX U

Context

Device C.7.6.12 U

Specimen C.7.6.22 C - Required if the
Imaging Subject is a
Specimen

VL Image C.8.12.1 M

ICC Profile C.11.15 U

SOP Common C.121 M

Common Instance Reference c.12.2 U

Frame Extraction c.12.3 C - Required if the SOP
Instance was created in
response to a Frame-
Level retrieve request

Modify Table A.32.9-1 in PS3.3 Section A.32.9.3

Table A.32.9-1. Real-Time Video Endoscopic Image 10D Modules

IE Module Reference | Usage
Patient Patient C.7141 M
Clinical Trial Subject C.71.3 U
Study General Study C.7.21 M
Patient Study C.722 U
Clinical Trial Study C.723 U
Series General Series C.7.31 M
Clinical Trial Series C.73.2 U
Equipment | General Equipment C.7.5.1 M
Enhanced General Equipment C.752 M
Frame of Frame of Reference C.7.41 C - Required if multiple
Reference Instances are spatially
related or if the Camera
Position Functional Group
Macro is present in the
Current Frame Functional
Groups Module
Synchronization C742 M
Image General Image C.7.6.1 M
General Reference C.124 U
Real-Time Bulk Data Flow C.7.6.26 M
Acquisition Context C.7.6.14 M
Extended Photographic Acquisition C.8.12.XX | U
Context
Device C.7.6.12 U
Specimen C.7.6.22 C - Required if the Imaging

Subject is a Specimen
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VL Image c.8.121 M
ICC Profile C.11.15 M
SOP Common C.121 M
Common Instance Reference C.122 M
Real-Time Acquisition C.7.6.28 M
Current Frame Functional Groups C.7.6.27 M

Modify Table A.32.10-1 in PS3.3 Section A.32.10.3

Table A.32.10-1. Real-Time Video Photographic Image IOD Modules

IE Module Reference | Usage
Patient Patient C.71.1 M
Clinical Trial Subject C.71.3 U
Study General Study C.7.21 M
Patient Study C7.22 U
Clinical Trial Study C.723 U
Series General Series C.7.3.1 M
Clinical Trial Series C.7.3.2 U
Equipment General Equipment C.7.5.1 M
Enhanced General Equipment C.752 M
Frame of Frame of Reference C.7.41 C - Required if multiple
Reference Instances are spatially related
or if the Camera Position
Functional Group Module is
present in the Current Frame
Functional Groups Module
Synchronization C.742 M
Image General Image C.7.6.1 M
General Reference C.124 U
Real-Time Bulk Data Flow C.7.6.26 M
Acquisition Context C.7.6.14 M
Extended Photographic Acquisition | C.8.12.XX | U
Context
Device C.7.6.12 U
Specimen C.7.6.22 C - Required if the Imaging
Subject is a Specimen
VL Image c.8.121 M
ICC Profile C.11.15 U
SOP Common C.121 M
Common Instance Reference C.12.2 M
Real-Time Acquisition C.7.6.28 M
Current Frame Functional Groups C.7.6.27 M
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Modify Table C.8-77 in PS3.3 Section C.8.12.1 VL Image Module

Referenced

Factor
Timestamp
Map

(0008,1140) | 1C A Sequence that references other images significantly

Image related to this image.

Sequence One or more Items are permitted in this Sequence.
Required if Image Type (0008,0008) Value 3 is present
and has a value of "STEREO L" or "STEREO R". May
also be present otherwise. See Section C.8.12.1.1.7.

Magnification | (ggg1.eeel) | 1C An array of magnification factors mapped to the

timestamp of video data. The values are stored in
pairs of the value of Photographic Optical
Magnification Factor (ggg2.eee?2) followed by the
associated timestamp in milliseconds when the
magnification factor changed. A timestamp of 0 ms
refers to the first frame of the video. All subsequent
frames are referenced by the time offset (timestamp
in milliseconds) to the first frame.

Required if the VL Photogrammetric Camera
Acquisition Module is present and Number of
Frames (0028,0008) is greater than 1.

\ Move to new macro section: Table C.8.12.11-1. VL Photographic Acquisition Module Attributes

€.6.12.41 VL Phot hie Acaulsition Modul

10.XX VL Photographic Acquisition Module Attributes Macro

Acquisition Module Attributes Macro

i Table 10.XX-1. VL Photographic

Table-C.8-12.11-1 Table 10.XX-1 specifies the Attributes that describe the process of acquisition of a

photographic image.

Fable-C-8-1211-1 Table 10.XX-1. VL Photographic Acquisition Macro

Attribute Name

Tag

Type | Attribute Description

White Point

(0016,0001) | 3

The chromaticity of the white point of the
image. This is the chromaticity when each of
the primaries has its reference white value.
The value is described using the 1931 CIE xy
chromaticity diagram.

Interoperability Version

(0016,0062) | 3

The version interoperability rule to which the
image conforms.
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Insert new table: Table C.8.12.11-1. VL Photographic Acquisition Module Attributes

C.8.12.11 VL Photographic Acquisition Module

Table C.8.12.11-1 specifies the Attributes that describe the process of acquisition of a photographic
image.

Table C.8.12.11-1. VL Photographic Acquisition Module Attributes

Attribute Name Tag Attribute Description

]

Include Table 10.XX-1 “VL Photographic Acquisition

Macro” CDeIeted: Module Attributes

‘ Add a new Module to PS3.3: Extended Photographic Acquisition Context Module |

N N

C.8.12.XX Photogrammetric Camera Acquisition Module CDe'eted‘ Extended Photographic
Jhis Module defines the imaging process and its Attributes where a camera projects light rays of
< : : AR Deleted: Context
a 3D real world point onto an image sensor based on the mathematical concepts of projective
geometry. Deleted: This Module is an enhancement of
" . . . . C.7.6.14 Acquisition Context Module. It adds the
Table C.8.12.XX-1 defines these Attributes computed from a calibration process using a 2D/3D option to...

physical object with known dimension as a reference. In general, calibration patterns follow a
checkerboard scheme. This Module makes use of the pinhole camera model and is applicable for
monoscopic-, stereoscopic- or multi-camera scenarios. For zoom lenses (e.g., surgical
microscopes), multiple values need to be determined describing the optical lens parameters for

different magnification factors.

Table C.8.12.XX-1 Extended Photographic Acquisition Context Module

Attribute Name Tag Type Attribute Description
Photogrammetric Camera (9992,eeel) 1 The sequence describes all relevant
Sequence lens parameters of a photogrammetric

camera model derived from a
calibration procedure.

One or more items shall be present.
Each item describes such a
photogrammetric camera.

>VL Photographic Acquisition

Macro

> Photographic Optical (9992.eee2) 1 Multiplication factor describing the

Magnification Factor magnification of an object relative to a
50 mm lens. A magnification factor of
‘1.0’ refers to a 50 mm lens.
The magnification factor is referenced
in the Magnification Factor Timestamp
Map (ggg1.eeel).

> Photographic Optical (9992.eee3) 3 Range of magnification factors stored

Magnification Factor Range as the minimum value followed by the
maximum value.

>Photogrammetric Lens (9992.eeed) 1 Describes one lens and its connected

Sequence sensor specific attributes.

One or more items shall be present.
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The first sequence item must define
the main VL lens.

>>Focal Lengths Horizontal and
Vertical In Pixel Units

(9992,eee5)

=Y

Focal length in pixel units (Fx, Fy) as
defined by the underlying camera
model (e.g., pinhole model).

Fx = Focal Length Horizontal
Fy = Focal Length Vertical

>>Principal Point Coordinates

(9992,eee6)

=Y

The intersection of the optical ray
through the center of the image plane.
Values are stored in pixel coordinates
Cx.Cy.

>>Lens Distortion Parameters

(Radial)

(9992.ee€e7)

=Y

Dimensionless polynomial parameters
that describe radial lens distortion in

the VL image given by three
parameters k1, k2, k3.
Tdistorted = T(L + k17 + kor? + ksr®)

Ydistorted = Y(1 + kyr? + ko + kgrﬁ)
(x,y) = undistorted image coordinates,
r = radius as Euclidean distance to
image center

>>Lens Distortion Parameters

(Tangential)

(9992,eee8)

=Y

Dimensionless polynomial parameters
that describe tangential lens distortion
in the VL image given by the two

parameters p1, p2.
Tdistorted = T + 217y + po(r* + 227)]
Ydistorted = Y + [P1 (T + 29%) + 2pawy]
(x,y) = undistorted image coordinates,
r = radius as Euclidean distance to
image center

>>Relative Camera Translation

22RCIaUve valnerd, i rafisiation

(ggg2.eee9) 1C

Translation vector between th

subsequent camera position relative to
the first camera

Required if Number of Frames
(0028,0008) has a value greater than 1.

>>Relative Camera Orientation

(9992,ee10) 1C

Relative camera orientation wrt. the
first camera.

Required if Number of Frames
(0028,0008) has a value greater than 1.

The orientation is represented as a 3x3
rotation matrix, which transforms the
subsequent camera, after the
translation is applied

Note
[The image forming process consist of 2 steps

(1) Removal of image distortion using (ggg2.eee7) and (ggg2.eee8)

(2) Apply the non-linear perspective projection of a 3D world point (X,Y,Z) in Euclidean space into 2D
image coordinates (x.y). By using homogeneous coordinates this transformation can be linearized.

Therefore, the total projection is defined in homogeneous coordinates as follows.
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Figure 1 Perspective projection matrix for the imaging process of a 3D world point in Euclidean space into 2D image

coordinates Commented [MAK1]: We didn’t know where to put it.
The image forming process is well known to the
specialists but as it has been a wish from the WG 6 to
Modify Table 6-1 in PS3.6 Section 6 explain it we came up with this note.
Tag Name Keyword VR | VM In our opinion this could be just left out of the standard.
(gggl.eeel) Magnification Factor MagnificationFactorTimestampMap FD | 2-2n
Timestamp Map
(9gg2.eeel) Photogrammetric Camera PhotogrammetricCameraSequence SQ 1
Sequence
(99g92.eee2) Photographic Optical PhotographicOpticalMagnificationFactor FD 1
Magnification Factor
(99g92.eee3) Photographic Optical PhotographicOpticalMagnificationFactorR | FL 2
Magnification Factor Range ange
(9g9g2.eee4) Photogrammetric Lens PhotogrammetricLensSequence SQ 1
Sequence
(9g9g2.eeeb) Focal Lengths Horizontal and FocalLengthsHorizontalandVerticalin FL 2
Vertical In Pixel Coordinates PixelUnits
(ggg2.eeeb) Principal Point Coordinates PrincipalPointCooprdinates FL 2
(9g9g2.eee?) Lens Distortion Parameters LensDistortionParametersRadial FL | 1-n
(Radial)
(9gg92.eee8) Lens Distortion Parameters LensDistortionParametersTangential FL | 1-n
(Tangential)
(ggg2.eee9) Relative Camera Translation RelativeCameraTranslation FL 3
(ggg2.ee10) Relative Camera Orientation RelativeCameraOrientation FL 9
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