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Mechanical parameter measurement and analysis system for a medical linear accelerator
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1. School of Electronic Science and Engineering, Nanjing University, Nanjing 210023, China; 2. Department of Radiotherapy, Nantong
Tumor Hospital, Nantong 226361, China

Abstract: Objective To design and implement a mechanical parameter measurement system that can measure and quantitatively
analyze the isocenter and other mechanical parameters of medical linear accelerators. Methods The hardware of the system adopted
binocular optical measurement kit. A positioning ball was attached to the components of the accelerator. The binocular camera
output the spatial coordinates of the positioning ball at a frequency of 20 Hz. According to the coordinates, the fitting of three-
dimensional model of the accelerator and the movement parameters of each component was updated with software, thereby
realizing the motion tracking on medical linear accelerators. When the measurement was completed, the software output the
measurement analysis report which included the mechanical motion parameters of various components of the accelerator and
the characteristic variables which could reflect the performance. The measurement accuracy was up to 0.5 mm. Results After
the system was established, multi-measurement and analysis were conducted on two medical linear accelerators that had been
working for different hours in two hospitals. The accelerators were separately measured and analyzed to obtain the isocenter errors,
mechanical motion parameters of gantry and treatment couch and their statistics, repeatability errors of gantry and treatment couch,
etc. Conclusion The proposed system can effectively assist technicians and physicists in the maintenance of accelerators and
provide guidance for daily inspection and quality control of medical linear accelerators.
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Fig.1 Diagram of isocenter
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Fig.2 Binocular system optical measurement kit
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Fig.3 Diagram of conversion from camera coordinate to

accelerator coordinate
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Fig.4 Software interfaces
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Tab.1 Measurement parameters of the accelerator in hospital A

28 il Ve3¢ Aefzt/mm SFH)iR e P Ko R
BUAEAE 0 10 (-104.66,88.81,-652.25) 0.70 mm
BB 10 (-104.08,86.05,-652.54) 2.40 mm
BB b0 5% 0 . ] 63 mm
FeE RS

BILALTER% Fri 20 0.80° 92.81 0.34°

TRTT IR IEH i 2 20 0.18° 1.29 0.17°

TBITIR Y Sl 20 0.54 mm - 0.28 mm
TRITIR Z 30 % 20 0.93 mm - 0.50 mm
TRTT IR XIS 20 0.89 mm - 0.27 mm
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Tab.2 Measurement parameters of the accelerator in hospital B

e IR AL AL F/mm TR e KT R GRS
PR 10 (-4.25,-28.78 ,-552.74) 0.35 mm
O 10 (-4.67,-27.67,-551.89) 0.42 mm
BB e 55 0 L4 o ] 023
AR

HILARTEHE 7 2 20 0.33° 88.92 0.17°

TRITIRIER: f 20 0.27° 1.17 0.09°

IRITIRY SR 20 0.45 mm - 0.24 mm
IITIR Z 3B 20 0.63 mm - 0.27 mm
IR XA 20 0.39 mm - 0.12 mm
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