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Introduction

• Different pCT prototype concepts:
Ø “Full” vs. “partial” tracking
ØEnergy detection, range detection, time-of-flight, detector segmentation etc.
ØCost and complexity
Ø Speed
Ø…

• Performance of two pCT scanners of different design approaches
ØAt the same facility (Northwestern Medicine Chicago Proton Center)
Ø Scanned the same object of known RSP
ØReconstructed with the same algorithm
ØQuantify RSP accuracy and spatial resolution (SRes)
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pCT Scanners

phase-II prototype scanner (LLU/UCSC)[1]
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• Position and direction upstream and 
downstream (full tracking)

• 5-stage scintillator - hybrid energy detector

• ~1 MHz count rate

• 9 cm x 32 cm FOV

• 200 MeV protons (for this acquisition)

[1]  Johnson et al., IEEE Trans Nucl Sci 63(1): 52-60
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pCT Scanners
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ProtonVDA scanner[2]

• Single position upstream and downstream

• Direction upstream by virtual source (accelerator) 
and position

• Direction downstream by position and MLP

• Compact energy detector 

• Energy modulation (118, 160, 187 MeV)

[2] DeJongh et al., Med Phys. 2021;48:1356-136
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Image reconstruction

• Filtered backprojection accounting for curved proton paths[3]

• Based on the concept of “Distance driven binning”
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[3]  Rit et al., Med Phys . 2013 Mar;40(3):031103. 



Phantom

• Wax body and 8 cylindrical plastic tissue equivalent inserts
• RSP range from 0.20 to 1.76
• Insert radii: 18 mm 
• Phantom diameter: 180 mm
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Data processing
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• Phase-II scanner:

ØTrack quality cuts

ØADC signal to WEPL calibration

Ø3-sigma in WEPL and angle



Data processing
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• ProtonVDA scanner:

ØEstimation of entry/exit directions

ØMerging of the different energy datasets

Ø3-sigma in WEPL and angle



• 90 projections at 4 deg steps (for time reasons)

• Ring shaped artifacts

• Undersampling streak artifacts vanish in 360 projection acquisition

• Scan duration: 300 sec for phase-II and 120 sec for ProtonVDA

RSP images

9

phase-II L: 1.0
W: 1.5ProtonVDA Difference



RSP accuracy
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• RSP accuracy mostly within ±1% for both scanners

• Above 1% errors for phase-II: 
Ø Sinus: -4.50%,   RSPref = 0.20 (porous insert)
Ø Phantom body: -1.33%,   RSPref = 0.98 (ring artifacts)

• Above 1% errors for ProtonVDA: 
Ø Sinus: -1.50%,   RSPref = 0.20 (porous insert)
Ø Phantom body: -2.40%,   RSPref = 0.98 (ring artifacts)

• Mean absolute percent error (MAPE): 
Ø over all materials: 1.14% for phase-II, 0.81% for ProtonVDA

Ø excluding sinus insert: 0.72% for both



RSP accuracy
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• Comparing also against an iterative reconstruction algorithm

• Image was provided by ProtonVDA

Ø Less artifacts

Ø Same RSP MAPE



Spatial resolution
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