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Introduction

20252020 20232022 20242021 2026

Capabilities Based on Risks

Patient positioning & monitoring
Surface acquisition

External body contour

With daily IGRT – Repeat initial setup

Whitout daily IGRT – dose delivery errors

Respiratory cycle measurement Surface acquisition
4D reconstruction error 

CTV/OAR localization error

Collision avoidance – Predictive
Surface acquisition

RT Plan
Collision
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Introduction

→ Fidelity

→ Need for a more advanced QA between reality and 3D models

20252020 20232022 20242021 2026

→ System performances without checking surface quality

→ SGRT surfaces

→ CT based external contour
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Distance distribution
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Selected metrics

• Distances with respect to 2 objects: Minimum distance Point – Surface 

• Similarity @Xmm

• Percentage of points within X mm

• Roughness ~ Noise of a surface

• Standard deviation of the distances 

between the analyzed surface and 

a mean plane of a given dimension

Introduction
Degree of resemblance 
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Python-based tool

• Multi-file: .obj & .dcm (RTStruct)

• 3D object manipulation / filtering

• .obj <-->.dcm converter

• Manual and Auto Registration (Homemade FRICP)

• Qualitative and quantitative comparison

• Registration vector

• Similarity

• Roughness

Material & Methods
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Material & Methods

Phantom design

• Phantom 1: Physical phantom

• Cube SRS 20 x 20 x 20 cm3 (VisionRT)

• Yogurt with water cylinder D3.6 x h4.9 cm

• Phantom 2: 3D numerical object (SolidWorks)

• Cube SRS 20 x 20 x 20 cm3 (VisionRT)

• Yogurt with water cylinder D3.6 x h4.9 cm

• Phantom 3:

• Emily (VisionRT): 

Female torso

Phantom 2 Phantom 1Phantom 3
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Material & Methods

Study 1: Similarity of SGRT surface capture

• Percentage of points below the 1 mm threshold?

• Phantom 1 aligned on laser

• 10 AlignRT reference capture

• Registration between AlignRT capture and phantom 2

• Similarity evaluation

Study 2: Roughness of SGRT surface capture

• Imaging capabilities through the FOV?

• Phantom 3 aligned on VRT & LAT laser

• 7 mapRT acquisition through 120 cm LNG in the FOV

• Lateralized roughness analysis

Hypothesis: Lateralized from the 0 LAT i.e. Surface

reconstruction is linked to the camera side.

Gen5 HD

Horizon

Horizon

Horizon

10 × 

10 × 

10 × 

10 × 

Phantom 1

Phantom 2

Horizon

Phantom 3

RightLeft
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Material & Methods

Study 3: Similarity of CT based external contour

• Best combination of parameters for generating 

the external contour?

• Phantom 1 aligned on laser

• CT-Scan (Siemens go.sim) and export to ARIA v17 (Varian)

• External contour generation with Eclipse v17 (Varian)

• HU threshold [-900;-200]

• smoothing [1;15]

• Registration between Body [HU;Smooth] and Phantom 2

• Similarity evaluation

Phantom 1
Phantom 2

-800 HU -200 HU
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Results

Study 1: Similarity of SGRT surface capture

• Percentage of points below the 1 mm threshold?

Study 2: Roughness of SGRT surface capture

• Imaging capabilities through the FOV?

• Mean left roughness ~ 0.1mm

• Mean right roughness ~ 0.2mm

• Moisture on the optical filter

System
Horizon 1

Halcyon

Horizon 2

Halcyon

Gen5 HD
TrueBeam

Horizon 3
TrueBeam

Similarity @1mm 79 % 63 % 85 % 83 %

Left side

Right side
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Results

Study 3: Similarity of CT based external contour

• Best combination of parameters for generating the external contour?

Evolution of the similarity @1mm as a function of smoothing 

for three HU threshold values

Smoothing
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Optimal Actual – SRS masks Actual – Other

[HU;Smoothing] [-530;1] [-850;3] [-250;3]

Similarity @1mm 90 % 78 % 39 %
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Discussion & Conclusion

Python-based QA tool

• Manipulation of .obj and .DCM files – Visualization, conversion, registration, 

qualitative & quantitative comparison

New metrics for Fidelity

• Similarity & Roughness

• Reproductible & Quantitative

Clinical impact

• CT based external contour: optimized selection of HU & smoothing 

parameters

• Similarity analysis & roughness: quantitative analysis to detect sub-optimal 

surface quality → Quality monitoring to trigger performance checks (ACO 

calibration, Preventive Maintenance, …)

• Digitalized objects & predictive tools (MapRT is one example): 

• Critical surface QA

System Horizon 1
Halcyon

Horizon 2
Halcyon

Gen5 HD
TrueBeam

Horizon 3
TrueBeam

Similarity @1mm 79 % 63 % 85 % 83 %

Left side

Right side
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0 200 400 600 800 1000 1200

→ Similarity & roughness are a 

necessary and complementary to 

the “accuracy” tests QA
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Software

• Handling object files from other manufacturers

• Improvement of features: 

• .obj to .dcm converter

QA perspective

• Implementation of a QA program for the cameras

• InBore evaluation

• Benchmark over other installations

• Comparison to the other vendors

Clinical perspective

• Immobilization device evaluation

• Deformation / settling

• Correction of mapRT / TPS patient position

• CT couch sag / Patient movements

• Patient surface used for dose evaluation

• … 

Perspective
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