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Milling depth control of lamina for orthopedic robot based on acoustic signals

Xia Guangming, Dai Yu, Zhang Jianxun

(Institute of Robotics & Automatic Information System, Nankai University, Tianjin 300350, China)

Abstract : This article aims to monitor and control the vertebral lamina’s milling depth of the orthopedic robot in real-time. First, based
on the milling cutter’s geometric structure and the lamina’s forced vibration equation, the vertebral lamina milling process is modeled and
analyzed. An acoustic signal-based monitoring method of milling depth is proposed. Then, a bone milling acoustic signal processing
method based on the fast Fourier transform accurately extracts the harmonic amplitude whose frequency is an integer time of the surgery
power device's spindle rotation frequency when the frequency changes. The harmonic amplitude is used as a feedback signal. The
robot’s planned axial feed rate is corrected based on the proportional-differential controller with a dead zone to control the milling depth.
Finally, milling test experiments and milling depth control experiments are implemented on some artificial bone block based on a three-
degree-of-freedom Cartesian robot system. Experimental results show that based on the milling acoustic signal’s harmonic amplitude, the
milling depth is monitored with a resolution of 0. 1 mm within the safe measurement range of the milling depth of O~ 1.2 mm. Therefore,
the method can effectively control the vertebral lamina’s milling depth during bone surface deformation and displacement. The proposed
method can improve the accuracy and safety of the laminar milling operation of the orthopedic robot.

Keywords : orthopedic robot; laminar milling; forced vibration; acoustic signals processing; milling depth monitoring; feedback control
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Fig. 1 Schematic diagram of laminectomy
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Fig. 2 Lamina structure
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Fig.3  Orthopedic robot laminar milling model
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Fig.9  Control block diagram of robot bone milling system

with milling depth control feedback
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Milling cut-in experiment
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Table 4 Linear fit coefficient and goodness under

different v,

1;>/(mm-s_l) K;/(Pa-mm™") D,/Pa R?
0.5 0.298 4 0.047 0 0.978 0
0.8 0.306 0 0.046 7 0.983 0
1.0 0.3115 0.044 9 0.967 7
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Fig. 12 Cut-in experiment results under different v,
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Fig. 13 Cut-in experiment results under different bone densities
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Table 5 The mean value and standard deviation
of the harmonic amplitude of the acoustic signal under
different milling depths

BRI/ mm YI{E/Pa brifE 22/ Pa
0.5 0.15 0.014
0.75 0.25 0.019

1.0 0.31 0. 020
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Fig. 16 Milling depth control experiment
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Table 6 Sample mean and standard deviation of harmonic
amplitudes in different milling areas

IR IEL/ Pa EN il JEH
E,=0.5 0.497£0.076  0.499+0.048  0.498x0. 043
E,=0.4 0.398+0.052  0.397+0.056  0.399+0. 044
E,=0.3 0.299£0.071  0.298+0.066  0.298=0. 051
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Fig. 17 Harmonic amplitude of milling depth control experiment
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Fig. 18 Milling depth measurement results
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Table 8 Comparison with related research methods

in the introduction
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