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Design of a proton spot scanning position control system
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1(Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Jiading Campus, Shanghai 201800, China)
2(University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract [Background] Spot scanning is adopted as the operating mode for the beam delivery system of the
Shanghai Proton Therapy Facility. [Purpose] To meet the needs of dose rate and dose accuracy, a precise spot
scanning position control system was developed. [Methods] Quadratic polynomial and smoothed thin-plate splines
fitting has been adopted in mapping the relationship between the target scanning magnet strength and spot position at
ISO center, and the relationship between the target scanning magnet strength and the spot position at ion chamber.
During the treatment process, the target magnetic field is calculated according to the target spot position at ISO center
given by the treatment planning system. A feed forward magnet strength control strategy is used in controlling the
scanning magnetic to reach the target magnetic field. The position of the following spot is corrected through
comparing the target spot position and the spot position readout from the ion chamber. [Results] Beam test showed
that the maximum position error in X and Y direction was 0.8 mm and 0.6 mm respectively, and both of the
root-mean-square were 0.2 mm. [Conclusion] Accurate spot scanning has been achieved by the spot scanning
position control system.
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Table 1 Main therapy technical parameters

i H Items 2% Parameters

2 K FE Maximum range 34 g-cm?
SOBP K J# Spread-out Bragg-peak 30 g-cm >
(SOBP) length
WY R~} Field size 40 cm (U)
30 cm (V)
JEHIFE Source axis distance 2.65m
FIH34F Scanning speed 2 cmms ' (U)
0.5 cm'ms ' (V)
WP T (o) Spot size (o) 2.5~4.5 mm
7 &% Dose rate 2 Gy-L "min"’!

B & 1% % Dose error <+2% (20)
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Fig.1 Controlling strategy of the scanning position control system
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Fig.2 Hardware of the scanning position control system
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Table 2  Specifications of scanning magnets

SMy SMy
%% ff Deflection angle / mrad +69.7  +62.0
Y JZ B Source axis distance / m 2.87 2.42
B Tron core length / m 0.205 0.230
fGM K FF Magnet length / m 0.309 0.334
TG 5% ¥ Magnet width / mm 30 109
[ %% Number of turns 48 64
YN L 0.799  0.634

Maximum magnetic strength / T
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Table 3 Specifications of the scanning power supply

SMy SMy

V& AH HLI Peak current / A +450 +950
i J#% Inductance / mH 3.84 432
HiFH Resistance / Q 21.8 35.7
feEt (0.1 Hz-10 kHz) <100 <100
Stability ~ Short term (0.1 Hz—

10 kHz)/10°®

£ (24 h) Long term <500 <500

(24h)/10°
BUR kW 3.6 27.4
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Fig.3 Schematic diagram of the position monitor
ion chamber
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Fig.4 Photo of position monitor ion chamber
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