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Automatic control of bone milling state based on robot with
binaural microphones
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Abstract : To enhance the surgical quality of bone milling surgery robots, it is required that the robot can perceive and control the milling
state in real-time, (primarily including milling depth and milling angle). To address this problem, this article proposes a method to
utilize a binaural microphone system to assist in milling state control. Firstly, the relationship between the milling state and the acoustic
signal is modeled. Then the calibration experiments of milling depth and milling angle are completed to obtain the parameters of the
proposed model. Finally the PD controller is used to control the milling state of the robot in real-time by combining it with the established
model function. The experimental results show that when the desired depth of milling is 0. 5 mm, the experiment with angle control
improved by 7.0% in terms of milling depth deviation from the desired value and 34. 1% in terms of milling stability compared to the
experimental results without angle control. It proves that in the extreme case of the desired depth of 0.8 mm, the addition of angle
control also has the positive effect of improving the milling effect. After experiments, it evaluates that the proposed method can effectively
improve the work quality of the bone milling surgical robot.

Keywords : surgical robot; bone milling; signal processing; depth control; angle control
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Fig. 1  Dual microphone system
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Fig.2 Wavelet decomposition and reconstruction flowchart
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Fig. 9 Relationship between feature A and milling angle
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Table 3 The parameters of milling experiment
BEMITREE  HEREUE BRUERE WRMAE EME
0.5 mm 0.3 mm/s 40PCF 45° 60°

ARG ] HON HAR 4 mm ERKSETT, I H
PR BEHITREEAS B 1 mm, BEHIRBE /N T4 71242, AT
LA 2o T AR LA D i 5t BE WO 2, e o T B
FEAR b BEHITR L A (6 AT LATS 3 S PRAt 1 % 5 A 22
BEHI TR L A 2208 5 F B OR BE ) Be R AR, o/ IMEL R o
22 ] LLPPAS A R BEHI S 30 RO AR E 1

5 XBHER5ITIE

5.1 XWHER

R T PEGIA R SE g0 AR i A E—PE . P2 SE IR S TE AR
R LT, SR TP SRR IR A, FIRFAETR G J
TN RAE BRI OB NG AR, o sEEe 1 A 2 #)
B8 S B an & 1516 s,

L S ZE AT LU Y AE P AL S TR SR AE A,
TR RR A AP . SRS 1 BYREIRAE J A 3 2T
/N B, X5 AR S 1 S B 4 D o R b B DT 5
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A /s Fig. 17 Measurement of experiment results
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(b)Variation of feature amplitude J with milling
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Table 4 The data of experimental without angle
Fig. 15 Feature amplitude of experiment 1
control (mm)
42r
wl 45 B e/ ME RME FrifE 22
} 1 0. 445 0.371 0. 474 0. 042
38+
2 0. 424 0. 346 0.472 0. 048
£ | | i‘ M } \ 3 0. 472 0. 408 0.519 0.043
3 34t |

: 7 J\ M Il |I|H (i ’M.Mmi M‘h il Mh.‘\#'.’).l'v} [ 'w’ J!Iw 4 0. 465 0.403 0.513 0.039
? 5 0. 460 0.413 0.511 0.035
30F w
* x5 SINEREHIRERE
26 et Table 5 The data of experimental with angle
M5 10 15 20 25 30 35 40 45 50 control (mm)

TS 415 WM R FeRAE R
(a)FHIEIR{EA BESENIZE 1L
(a)Variation of feature amplitude 4, with milling 1 0.487 0. 444 0.532 0.032
2 2 0. 506 0. 466 0. 557 0. 034
— FFRMAREER
o L7, | i | 3 0.484 0.457 0.518 0. 026
| “‘““\“""v“ - ““ M ‘ u ‘u‘, “““ i u““‘ “‘ ,“‘.,"“,p“,“ i 1A Il 1| ““‘”‘““\‘

o N W W 4 0. 480 0.448 0.513 0.025

13 / I 5 0. 482 0. 469 0. 509 0.016
oo ER e e T S B S T AR B0 T S
5[] /:
R 1) HEE B Afl e, A e 0 7 2

(b)Variation of feature amplitude J with milling

K16 SEH 2 RRIEIEAE

Fig. 16 Feature amplitude of experiment 2
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0.5 mm, HEZE T 0.3 mm/s T, AR5 A 45 ) 09 Bt i)
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Table 6 The data of experimental without angle control

(mm)

ikl BREEX(E /ME E SN bRz
1 0.753 0. 697 0.851 0. 060

2 0.683 0.596 0.734 0. 052
3 0.728 0. 681 0. 804 0.071
4 0.753 0.678 0.833 0. 057
5 0.750 0. 670 0. 845 0. 068

KT SIANRAIEH LB

Table 7 The data of experimental with angle control

(mm)

vl TRIEEHIH /M NI i
1 0.792 0. 744 0. 859 0. 047
2 0.750 0. 695 0.780 0. 037
3 0.785 0. 745 0. 830 0.036
4 0. 802 0.736 0.877 0. 052
5 0. 794 0.755 0. 841 0. 037
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