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OUTLINE

1. Sources of inspiration

2. Motivation for this approach

3. Detector description

4. Simulation studies

5. Experiments
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INSPIRATION
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TANAKA ET AL. (2018)
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TANAKA ET AL. (2018)
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MOTIVATION
CLINICAL AND TECHNICAL
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CLINICAL MOTIVATION

• Stopping power uncertainty
• Decrease range uncertainty margins
• Utilize distal edge of Bragg peak for organ sparing

• Image guidance
• Beam’s-eye-view image
• Volumetric imaging at isocenter

• Adaptive radiation therapy
• Detect changes in patient/tumor anatomy over the course of 

treatment
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TECHNICAL MOTIVATION
WHY SCINTILLATORS AND DIGITAL CAMERAS?

• It’s what we know
• Simplicity and cost

• “Off-the-shelf” electronics
• Few components
• Simple assembly and operation

• Clinical integration
• Clinical beam delivery mode (no beam tuning for low fluence)
• Fewer detector elements (distal only)
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DETECTOR DESIGN
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DETECTOR DESIGN
• Plastic scintillator

• Green color to match camera 
spectral sensitivity

• 20x20x20 cm3

• Andor CCD cameras (2)
• Beam’s-eye-view
• Lateral view (PDD)

1
2

proton beam

mirror
monolithic 
scintillator

phantom

CCD 
cameras
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DETECTOR DESIGN
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SAMPLE RAW DATA
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RADIOGRAPH RECONSTRUCTION METHOD
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SIMULATION 
STUDIES
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MONTE CARLO
SIMULATION STUDY
• Geant4

• 30x30x30 cm3 scintillator

• 4 image reconstruction methods:
• List-mode PR binned at the 

rear tracker 
• Collins-Fekete et al 2016, 2020

• Depth dose profile ranging
• Naive (no optimization)
• Curvelet minimization (Deffet et 

al 2020)

• Distal projection
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EXPERIMENTAL 
STUDIES
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EXPERIMENTAL STUDIES
• Detector setup:

• 20x20x20 cm3 plastic scintillator
• 2 CCD cameras (lateral and beam’s-

eye-view)

• Scanning proton beam
• MD Anderson G3 (large spot size)
• Clinical beam mode

• CIRS Hounsfield Unit phantom 
plugs

• Solid water, adipose, cortical bone, 
lucite

• Image reconstruction methods
• PDD range with curvelet optimization
• Distal projection
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IMAGE QUALITY COMPARISON

Distal 
Projection

PDD range 
with curvelet 
optimization
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PROTON BEAM SPACING
(a) (b) (c)

(d) (e) (f)

2.5 mm 10 mm5 mm
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WET ACCURACY

Material Distal 
Projection

PDD Range w/ 
Optimization

Solid water -0.18 (±0.35) % -0.29 (±3.11) %
Adipose -0.11 (±0.51) % -0.15 (±2.64) %

Cortical bone -2.94 (±1.20) % -0.75 (±6.11) %
Lucite -1.65 (±0.35) % 0.36 (±3.93) %

Beam 
Spacing (mm)

Distal 
Projection

PDD Range w/ 
Optimization

2.5 0.02 % -0.2 % 
5 -0.75 % 0.45 % 

10 1.43 % 0.44 % 
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QUESTIONS 
& ANSWERS


