
Developments in AI model: 
2D and 3D

14/03/25

lorenzo.marini@phd.unipi.it

mailto:lorenzo.marini@phd.unipi.it


Sommario

Fase 2D

- Risultati finali
- Modello, addestramento, gamma-analisi

- DEMO InTrEPID-2D system
- Paper per Radiotherapy & Oncology

Fase 3D

- Data exploration
- Coregistrazione CT-RTDOSE
- Qualche idea…



Fase 2D



Dati, preprocessing, rete, training, gamma-analisi



Dati, preprocessing, rete, training, gamma-analisi



Dati, preprocessing, rete, training, gamma-analisi



Dati, preprocessing, rete, training, gamma-analisi



Dati, preprocessing, rete, training, gamma-analisi





DEMO 2D-InTrEPID system

https://drive.google.com/drive/folders/1w4iyl2e6O0wcjLNsoavNC40Ot2qCCc3A?ths=true

https://docs.google.com/file/d/197Cp76h6P3L7K6hcuTskvPVFretC6R8n/preview
https://drive.google.com/drive/folders/1w4iyl2e6O0wcjLNsoavNC40Ot2qCCc3A?ths=true


Paper

Link alla rivista: https://www.thegreenjournal.com/

Link a overleaf: https://www.overleaf.com/project/67c18a3d64c68a9c0a426c58

Per essere aggiunti, chiedere ad @Alessandra

6 pagine, 6 figure. Manca qualche autore??

https://www.thegreenjournal.com/
https://www.overleaf.com/project/67c18a3d64c68a9c0a426c58
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Data exploration 3D



Coregistrazione



Experimental setup
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See: DICOM Standard Browser
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RT dose data

Multi-frame dose images  → the dose distribution is 
encoded as a multi-frame image (79 frames)



RT dose file: tags & attributes



RT dose file: tags & attributes

Selection of specific tags



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

(0018, 0050) Slice Thickness: Nominal slice thickness, in mm.

(0020, 0032) Image Position (Patient): The x, y, and z coordinates of the upper left hand corner (center of the first voxel transmitted) of the image, in 

mm.

(0020, 0037) Image Orientation (Patient): The direction cosines of the first row and the first column with respect to the patient. See 

https://dicom.innolitics.com/ciods/rt-dose/image-plane/00200037

(0020, 0052) Frame of Reference UID: Uniquely identifies the Frame of Reference for a Series. See 

https://dicom.innolitics.com/ciods/rt-plan/frame-of-reference/00200052

(0028, 0008) Number of Frames: Number of frames in a Multi-frame Image. A Multi-frame Image is defined as a Image whose pixel data consists of a 

sequential set of individual Image Pixel frames. A Multi-frame Image is transmitted as a single contiguous stream of pixels. Frame headers do not exist 

within the data stream.

(0028, 0010) Rows: Number of rows in the image.

(0028, 0011) Columns: Number of columns in the image.

(0028, 0030) Pixel Spacing: Physical distance in the patient between the center of each pixel, specified by a numeric pair - adjacent row spacing 

(delimiter) adjacent column spacing in mm.

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

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

Meaning of the tags



(3004, 0002) Dose Units: Dose axis units.

(3004, 0004) Dose Type: Type of dose. Defined Terms:

■ PHYSICAL: physical dose

■ EFFECTIVE: physical dose after correction for biological effect using user-defined modeling technique

■ ERROR: difference between desired and planned dose

(3004, 000a) Dose Summation Type: Type of dose summation. Defined Terms:

■ PLAN: dose calculated for entire delivery of all fraction groups of RT Plan

■ MULTI_PLAN: dose calculated for entire delivery of 2 or more RT Plans

■ FRACTION: dose calculated for entire delivery of a single Fraction Group within RT Plan

■ BEAM: dose calculated for entire delivery of one or more Beams within RT Plan

■ BRACHY: dose calculated for entire delivery of one or more Brachy Application Setups within RT Plan

■ FRACTION_SESSION: dose calculated for a single session ("fraction") of a single Fraction Group within RT Plan

■ BEAM_SESSION: dose calculated for a single session ("fraction") of one or more Beams within RT Plan

■ BRACHY_SESSION: dose calculated for a single session ("fraction") of one or more Brachy Application Setups within RT Plan

■ CONTROL_POINT: dose calculated for one or more Control Points within a Beam for a single fraction

■ RECORD: dose calculated for RT Beams Treatment Record

(3004, 000c) Grid Frame Offset Vector: An array that contains the dose image plane offsets (in mm) of the dose image frames in a multi-frame 

dose. Required if multi-frame pixel data are present and Frame Increment Pointer (0028,0009) points to Grid Frame Offset Vector (3004,000C).

(3004, 000e) Dose Grid Scaling: Scaling factor that when multiplied by the dose grid data found in Pixel Data (7FE0,0010) Attribute of the Image 

Pixel Module, yields grid doses in the dose units as specified by Dose Units (3004,0002).



Grid Frame Offset Vector

https://dicom.innolitics.com/ciods/rt-dose/rt-dose/3004000c

Dose Grid Frame example



Grid Frame Offset Vector

https://dicom.innolitics.com/ciods/rt-dose/rt-dose/3004000c

GridFrameOffsetVector: [0, 2, 4, 6, 8, 10, 12, 14, 16, 

18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 

46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 

74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 

102, 104, 106, 108, 110, 112, 114, 116, 118, 120, 

122, 124, 126, 128, 130, 132, 134, 136, 138, 140, 

142, 144, 146, 148, 150, 152, 154, 156]



RT dose

rt_dose[0][50][:]

rt_dose[frame][row][column]

[a.u.]



RT dose
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RT dose & CT

Hanno stessa z → Provare a 
sovrapporre

le due immagini



How to overlay the RTDOSE 
and Image data in the correct position?

Image Position (Patient) [mm] Pixel Spacing [mm]

CT [-300, -218, -675] [1.171875, 1.171875]

RTDOSE [-265.3, -41.9, -675] [2, 2]

??



https://mangoviewer.com/



https://www.slicer.org/

https://slicer.readthedocs.io/en/latest/
https://pypi.org/project/pynrrd/

https://www.slicer.org/w/index.php/Documentation/Nightly/Extensions/SlicerRT#Tutorials

https://discourse.slicer.org/t/how-does-3d-slicer-overlay-the-rtdose-and-image-data-in-the-correct-position/8924





How to overlay the RTDOSE 
and Image data in the correct position?



How to overlay the RTDOSE 
and Image data in the correct position?

https://slicer.readthedocs.io/en/latest/user_guide/modules/dicom.html#when-i-click-on-load-selection-to-slicer-i-get-an-error-message-could-not-load-as-a-scalar-volume



RT plan

RT Plan

The focus for this Radiotherapy Plan IOD (RT Plan IOD) is to 

address the requirements for transfer of treatment plans 

generated by manual entry, a virtual simulation system, or a 

treatment planning system before or during a course of 

treatment. Such plans may contain fractionation information, 

and define external beams and/or brachytherapy application 

setups.



RT

RT Structure Set CIOD

The focus for this Radiotherapy Structure Set IOD (RT Structure 

Set IOD) is to address the requirements for transfer of Patient 

structures and related data defined on CT scanners, virtual 

simulation workstations, treatment planning systems and 

similar devices.





Original image (128x268) Resized (247x457)



Resized (247x457)
Overlay on a zeros matrix  (512x512)



Overlay on a zeros matrix  (512x512)
Overlay on a CT slice (512x512)


