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CBCT geometric calibration algorithm based on nonlinear estimation
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Abstract: Due to the posture error of calibration phantom, traditional geometric calibration algorithm has a poor accuracy in
the parameter calibration of cone beam computed tomography (CBCT) imaging system. In order to solve the above-
mentioned problem, a CBCT geometric calibration algorithm based on analytic geometry and nonlinear optimization is
proposed. A tracking method based on frame interpolation is firstly designed to extract the coordinates of feature points,
thereby achieving the correspondence between the calibration phantom and the feature points in the projected image. Then
the relevant parameters are calculated based on the spatial relationship between the projected image and the designed
calibration phantom. Finally, the nonlinear estimation of the detected feature points is carried out to further improve the
accuracy of geometric parameter calculation. The simulation results verified that the proposed algorithm can accurately
calculate the geometric parameters of CBCT imaging system, and maintain a high calculation accuracy even when the
posture error is occurred during phantom calibration. Based on the proposed nonlinear estimation model, the proposed
method overcomes the limitation of the existing algorithm in which calibration phantom needs to be located at the isocenter
and improves the accuracy of parameter calibration in CBCT imaging system.
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Fig.8 Parallel plate detector rotation angle under ideal conditions
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Tab.1 Simulation results of calibration phantom without any posture error

B2 SCERL19 1L AU SCR[19JBTAHRR  ARSCE+ IR
E(SDD)/mm 0.412 0.325 3.707 3.244
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E(u,...)/Pixel 3.401x 107° 3.401 % 107° 0.186 0.205
E (9,0, )/Pixel 3267 x 107 3267 x 107* 0.022 0.022
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Tab.2 Simulation results of calibration phantom with posture errors
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E(SDD)/mm 0.608 0.325 1.306 0.942
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HI3R 1A 2 AT 1, M5 i B AR 2 O PRAECIR S SEFRAE FHFE A0 CBCT A &, A Uk

TLUARSCRE BAR LT SCER[ 1950k . YRR 1T CBCT &4ihraE ) , X Catphan500 A4 TH
A L0 IR AT 28 Al 22 1), SCHRBE 1 5 AR SCORE VA A o 1 22 fifi F RTK (Reconstruction Toolkit, http://www.openrtk.
HRAT T HE R AR NS A SCH IR Z M BACT SCHE org) FFRET R EERL . WK 10 PR, K 10a 823451
(191500, —E R AL bl i LS NI oK iAE Al FEE Catphan500 — 4 PG h iy Hirh— 2, & 10b
32 EXMREER A A SO 2 800hr 8 Je i EE A 2R



- 1236 - o B A P A R R $37%:
aREHRERERER b REHRERERER
E10 EELERILE
Fig.10 Comparison of reconstruction results before and after calibration
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