Opto-Electronic Engineering Art|C|e

% ¢ x 4

2021 4F, 5548%, 5 7H
DOI: 10.12086/0ee.2021.210059

ETERREFEMALRXT
ME 77 7EMR =

iy
R, fAk, BlE, X B, RAE = {( W
RHREAGE AT B AN R LR, 20— W

. =0
FEIA AN E S0 2%, Kt 300072 Yimm © 207 20 Ximm

HE: ALBAFERERZ X T RESIOAEZOERA, ALBRATERGEZLSEEYAEFHWERFHAE, Ak
BNERZANE BN ALRX T DERATEHETN. ALBRXTHELLMA TR, FERREH BT DR
HERER, AT T G btk ot T B @A o) SM N ZHR A B, b, ALEERET AR THM
KA A LB A B(LVDT)H R KRIEN B %k, THET OB E R %, &5k On E#TmLins, M
MM @A 6 TS, AEZAE LVDT 6 RAEEAL LI E B RAE SR & 5 QAT E, TS RAFL LA
a6 B 1EE DR E, B ARERGNZT R, AFERRGMTIREN 48.21 ym £4; HATATBRX FAREEF
HATT MBEE, BET Z 5 ke TATH,

KT ALBREY; HRARIE DHNE; AlHBE

FES2S: TH772; TN247 XEktrERE: A

B, R, B0, 5 SETRRRIRERM A LRSI TR Y] Jel TR, 2021, 48(7): 210059
Li C, Zhu L L, Yang X D, et al. Research on the measurement method of artificial knee joint based on normal vector tracking[J].
Opto-Electron Eng, 2021, 48(7): 210059

Research on the measurement method of artificial
knee joint based on normal vector tracking

Li Chen, Zhu Linlin, Yang Xudong, Liu Lei, Zhang Xiaodong"

State Key Laboratory of Precision Measuring Technology & Instruments, Laboratory of Micro/Nano Manufacturing Technology,

Tianjin University, Tianjin 300072, China

Abstract: Artificial knee joint plays an important role in improving the joint condition of patients. The surface devia-
tion of artificial knee joint will directly affect the treatment effect of patients. Therefore, it is necessary to evaluate the
surface of artificial knee joint with high precision before it is put into use. The slope of the artificial knee joint is com-
plex and varies greatly, and there are great differences in the knee joint surface among different patients. The com-
plexity and unknowability of artificial knee joint make it difficult to measure its surface with high precision. In this
paper, a normal vector tracking measurement method based on contact inductance linear displacement sensor
(LVDT) is proposed, and a rotary scanning measurement system is built. This method performs curve fitting on the
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measured points, predicts the changing trend of the measured surface, and adaptively adjusts the sampling position

and posture of the LVDT to make it measure approximately along the normal direction of the sampling point, so as to

realize the adaptive rotation measurement of the complex and unknown surface with large slope. Through the

measurement experiment of the standard ball, the measurement error of the calibration system is about 48.21 pm. In

addition, the measurement experiment of the artificial knee joint model is carried out to verify the feasibility of the

method.

Keywords: artificial knee joint; normal vector tracking; rotation measurement; unknown surface
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Fig. 1 Measurement process of artificial knee joint
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Fig. 3 Calculation model of sampling points
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Fig. 4 Flowchart of normal vector tracking measurement
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Fig. 7 Motion path of LVDT
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Table 1 The parameter table of the standard ball
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Fig. 8 Measuring results of standard ball. (a) Section curve data; (b) Measurement error distribution
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Table 2 Measuring result of standard ball measuring results of standard ball
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4 48.68
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Fig. 9 Measurement experiment of artificial knee joint

A3 AILBETMNELHKK

Table 3 Measurement parameter table of artificial knee joint

e HfH
B AR PR AL 100
WIHERFEL A do/um 50
HIRFEL A diax/im 150
P A3 LVDT R 8§ D/mm 215
LR RIEAY/um 500
SRR AT g 3

to BUEIE R, S SEEME MIRmA T, ik
BERFRMETFIFER o BUE /NI 2> 2R 5
RBEAR, PR ZEAR IR AT £ A 2 0 SRR 18 4 B M
FIEY ¢ (E 2 FEASEIG Y to=70°0 , ML LM
ROREE T HAS RS B R e B, ZIMREERANIET 11(b)
/PN

A N ISR 2T 5 2 B A AT 12 B,
HT TN IROG T R 23 R DR s i 2o i 2,

AR R AR SEAE , AR AR IR Sk
ARG, PRI FOX IR OG5 e T 3 52 1 IX ) T A i
AT PR, A ks Y] B ) 2R T I, A A
= X 51 ERY RSN 68.33 mm, Y 51 EAYRTHE)
4 56.21 mm, Z Jila]_ ERRGT298 58.79 mm, #4575
=4S s SEeA AT UCHD, DRECE R WA 12(b)
B, AR ER 2 RMSE=199.84 um, MR
ZEOI AT FRZAR AL P ER MR AL | IS AE R XA

210059-8



JEH THE, 2021, 48(7): 210059 https://doi.org/10.12086/0ee.2021.210059

R
T - S L

———————
......
o

Zlcm
o

s 4 2 0 2 4
Xlcm
B 10 Ad&nE 58

Fig. 10 Measurement data of section line
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Fig. 12 Measuring result of artificial knee joint. (a) Points cloud data; (b) Surface-shape error
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Measurement results of artificial knee joint

Overview: The global demand for total knee arthroplasty for arthropathy patients is increasing year by year. Total knee
arthroplasty is the use of artificial knee joint to replace the diseased knee joint to improve the condition. The artificial
knee joint is made of biomaterials such as titanium alloy and zirconia ceramics according to the shape of the patient's
own joint, and the facial shape will directly affect the therapeutic effect of the patient. Therefore, it is necessary to eva-
luate the surface shape of artificial knee joint with high precision in production and application. The artificial knee joint
is composed of two irregular fan annulus and connecting parts. The curvature change is more than 120° in the sagittal
plane and about 16° in the coronal plane. In addition, there are great differences in knee joint shape among different
patients, as a result, there is no unified mathematical model. The complexity and unknown nature of the artificial knee
joint lead to the lack of an effective high-precision measurement method after processing, and the manufacturing quali-
ty of the artificial knee joint cannot be evaluated correctly, which limits the development of the artificial knee joint
manufacturing. In order to solve the problem in the surface contour measurement of artificial knee joint, a normal vec-
tor tracking measurement method based on contact inductance linear displacement sensor (LVDT) is proposed in this
paper, and a rotary scanning measurement system was built. In this method, the curve fitting of the measured points is
used to predict the changing trend of the measured surface, and the sampling position and sampling interval of LVDT
are adaptively adjusted to make it measure approximately along the normal direction of the sampling points, so as to
realize the rotary measurement of the complex and unknown surface with large slope. Through the measurement expe-
riment of the standard ball, the measurement error of the calibration system is about 48.21 um, and the surface of the
artificial knee joint model is measured and evaluated to verify the feasibility of the method.
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