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Abstract A rotation detection system of three-dimensional (3D) joint surface profile based on projection light knife
is designed. The rapid calibration of the detection system is realized by the use of the camera pinhole model. The
center-line of the projection light knife is extracted through the optimized center of gravity algorithm, and thus the
contour line of the joint surface is acquired. The oblique correction of section profile is realized by the analysis of the
angle between the projection light knife plane and the rotation axis. The 3D profile data of joint surface are

accurately reconstructed. The results show that the detection system possesses the advantages such as non-contact

and high precision, which can be used to solve the detection problem of prosthetic joint surface profile.
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Fig. 1 Schematic of measurement
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Fig. 2 Optimized center of gravity algorithm
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Fig. 3 Simulation result by optimized center of
gravity algorithm
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Fig. 4 Tilt analysis of sectional profile.

(a) Perfect state; (b) actual state
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Fig. 5 Experimental image of femoral

prosthetic joint surface
4.1 KNRFEHOIRE
B X R I S0 %E L, P2 30 mm X 30 mm HE

091205-3



55, 091205(2018)

ANSHBIFHRE

www.opticsjournal.net

M (F TR 10 mm X 10 mm)E R EMR . B
P, KRR B 6 () s 1Y b o B 585 SR 5 Ji it
MATLAB 8 #E 47 # A bn e T, 46 0 445 21 4n
B 6 (b) BT s e Jm 4 A A B B8R 5 4 < Al Y S
B A B (AR (4 2 3 Je 5 o 722 4 T A5 A 0 S 4

B E bR U M
0.1190  0.0038 — 70.8292
M’ =|—0.0055 0.0644 —14.0796|, (&)
0 0 1.0000

42 HEREZLHREN

o ARAF 6 BT B AT B R AR BN TR R Y
TR SO R OB MR — AT R
B 1 F L AT AT R A 48 T A BT 2 K L I 7 ()

X /pixel

P 7 A L B 4

(a)

B 6 trm %, () RERIS; (b) skl g
Fig. 6 Calibration patterns.

(a) Collected images; (b) corner test results
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Fig. 7 Data results of sectional profile. (a) Extraction result by center of gravity algorithm; (b) actual sectional line
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Fig. 8 Collected images at different base plates and positions of rotation center and projection light knife.
(a) Collected image at base plate M ; (b) position of rotation center and projection light knife at base plate M ;

(¢) collected image at base plate M"; (d) position of rotation center and projection light knife at base plate M’
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Fig. 9 3D reconstruction results of prosthetic joint

surface profile. (a) 3D point cloud;

(b) 3D rendering results
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