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Application of statistical process control in mechanical performance monitoring of linear

accelerators
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Abstract: Objective To analyze the long-term performance of the medical linear accelerator, monitor the accelerator state and
evaluate the mechanical performance of the accelerator by statistical process control method. Methods The daily quality
assurance data from June 2019 to April 2021 were collected. The control charts for individuals were draw to monitor the
process state, and the process quality was evaluated using process capability indexes (C,, and C,). Results The mechanical
accuracy of the accelerator was obviously better than the specification limits recommended by the current manufacturer,
while almost all mechanical indexes had process shifts to varying degrees according to the results of control chart. The
process capability analysis showed that the C,, and C, of all test items were greater than 1.33, indicating excellent process
quality. Conclusion When accelerator performance meets the current machine performance chech specifications, process

shifts may still occur. The statistical process control method can detect the shifts immediately, and process capability index

can evaluate the process quality effectively, guiding the quality management and clinical decision making.
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Figure 1 MPC for daily QA
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Table 1 Daily QA results and the specifications recommended by MPC for each mechanical index of accelerator

LioalllPUYE| MPC #iA% B ¥iE 2 moME RKME
PR 2R e lie i 22/ +0.5 Ui
Kt fa -0.27 0.01 -0.31 -0.21
MLARA X Tl 1% 22 ° +0.3 TR -0.01 0.05 -0.31 0.04
HEUE = -0.15 0.02 -0.19 -0.11
BLAAH X sk 15 2% /° £0.3 MEHETIT 0.08 0.16 -0.20 0.23
Kt -0.10 0.03 0.12 0.10
X141 T3S0k B /mm £1 BEHERT -0.49 0.08 -1.35 -0.34
K fe -0.25 0.03 -0.31 -0.12
X2 81 1K /mm £1 REAERT 0.57 0.05 0.40 0.86
KeE S 0.05 0.05 0.10 0.17
Y 1R TR B /mm +2 -0.20 0.05 -0.37 -0.03
Y2 8 1 EMK /mm £2 0.33 0.08 0.05 0.54
AR RHAR XS 45 0 £ S /mm 0.5 0.29 0.02 0.19 0.34
VAT R 1) 267K B /mm +0.7 -0.09 0.04 -0.17 0.00
YRYT R E 2 A0k B /mm +0.7 -0.06 0.07 -0.20 0.12
TRYT REE 1T B0 K B /mm £19 -0.13 0.04 -0.23 0.00
TRYT RUT X liEsE R 25/ +0.1 -0.01 0.01 -0.06 0.01
RYFIRUT Y e iR 22/ +0.1 -0.01 0.01 -0.05 0.25
IR IRIS Z e i 2e 1 +0.4 0.03 0.01 0.01 0.05
VARYT PRI AE L JiERS /imm 0.75 0.25 0.05 0.15 0.95
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Figure 2 Monitoring results of control chart for individuals
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Table 2 Results of control charts for individuals and process capability analysis on the accelerator

A6 55t el ERR(UCL)  #&fIFR(LCL)  AubZk(CL) Cyi C, RAEEZI%
PR R Gl i 22 MR

KR -0.25°~-0.20° -0.31°~-0.28° -0.28°~-025°  6.49~13.43 13.64~28.69  1.30
MR 4 %) et iR 2 HEUERT 0.01°~0.04° -0.04°~-0.03° -0.01°~0.01°  6.65~9.82  6.97~10.28 5.06

KefEfG  -0.12°~-0.10° -0.20°~-0.16° -0.16°~-0.14°  3.67~5.93  7.36~10.98 1.63
BILBEAR X et 1 2 M 0.23° 0.18° 0.20° 3.09 9.45 70.22

WHEJg  -0.08°~-0.07° -0.13°~-0.11° -0.10°~-0.09°  5.47~7.41  8.11~10.86 327
X185 T3S0k B 2 e R -0.33 mm -0.57 mm -0.45 mm 6.73 12.95 2.84

Bfefi  -023~-0.12mm  -0.32~-028 mm  -0.28~-0.21 mm  12.1~15.7 15.98~20.57  4.05
X2 T EIN MEHETT 0.65 mm 0.47 mm 0.56 mm 5.42 12.38 2.84

Kt 0.19 mm -0.10 mm 0.05 mm 9.83 10.25 0.00
Y1451 BIAAE -0.04~-0.01 mm  -0.41~-0.38 mm  -0.22~-0.19 mm 9.25~13.76 10.36~15.27 0.4
Y2 5 TR ORS B 0.50~0.57 mm -0.02~0.11 mm  0.28~0.31 mm  8.12~8.73  9.56~10.52 0.47
R AR XS 45 v R RS 0.32~0.33 mm 0.23~0.26 mm 0.28~0.30 mm  4.45-6.26 10.41~14.43 1.66
YRYT IR 1) B KG B -0.06~0.03 mm  -0.19~-0.15mm  -0.13~-0.06 mm 7.60~10.77  8.77~12.69 0.95
TRYT RGBSk B -0.05~0.13 mm -0.22~0.02 mm  -0.12~0.07 mm  6.57~10.66  7.86~11.61 1.66
VAT IR 1B R -0.05~-0.02mm  -0.29~-0.18 mm  -0.16~-0.10 mm 13.70~18.17 14.79~19.62  0.95
TRTT RUT X Al ieit 12 22 -0.01°~0.02° -0.03°~-0.01° -0.02°~0.00°  5.13~6.59  6.19~6.78 4.03
AT IRIT Y Sl 5% 1 22 -0.01°~0.02° -0.03°~-0.02° -0.02°~0.00°  3.22~8.86  3.42~10.53 1.90
TRIT IR Z e iR 22 0.03°~0.05° 0.00°~0.02° 0.01~0.03°  22.85~32.67 24.87~35.72  0.71
TRIT IR rpL e 0.28~0.39 mm 0.11~0.23 mm 0.20~031 mm  4.73~8.49  7.49~13.06 7.58
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