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Ensuring target positioning accuracy under biomechanical effects
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Abstract: Objective To analyze the deformation rules of the organ and tumor under the effects of biomechanics on target position
in the second positioning, and to compensate for the error by controlling the position of mechanical arm. Methods According to
anatomy and biomechanics, a finite element model of the lung and tumor was established by Mimics v17.0 software, and then the
established finite element model was imported into ANSYS15.0. Finally, the deformation errors of the lung and tumor were analyzed
using the biomechanical parameters summarized by predecessors. Results In the second positioning, the maximum deformations
of the lung and tumor were 21.24 mm and 3.17 mm, respectively, and an error model was obtained by a quadratic polynomial fitting.
After position verification, the error deformations were within the range, of which the deformation in the head and foot direction
was the largest. Conclusion Based on the self-designed 6-degree-of-freedom positioning mechanical arm, a method for position
control through feed-forward correction is proposed. The proposed method can compensate the displacement error of tumor in

advance during the second positioning, thereby improving the accuracy and efficiency of radiotherapy, and reducing the damages

to the normal tissues around the treatment target.
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Fig.1 CT images of patients with tumors
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Fig.2 Mask and 3D model of the lung and tumor
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Fig.3 Finite element models of the lung and tumor
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Fig.4 Displacement cloud map of the lung and tumor
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Fig.5 Rotating around X axis
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Fig.6 Rotating around Y axis

Fig.7 Rotating around Z axis
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Fig.8 Error verification experiment platform
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Fig.9 Self—designed positioning mechanical arm
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Tab.2 D-H parameters of the positioning mechanical arm of heavy ion therapy terminal
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Fig.10 Feed—forward error compensation process
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