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Establishment and comparison of multi-trajectory models of flexible puncture needle based on

image processing

BAI Huiquan', GAO Dedong’, SONG Yanging®

1. Equipment Department, Xining First People's Hospital, Xining 810000, China; 2. School of Mechanical Engineering, Qinghai
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Abstract: A method of establishing the motion trajectory model of flexible puncture needle based on image processing is

proposed to accurately measure the motion track of the flexible needle during needle insertion. The dynamic images of needle

insertion are collected through the camera system, and the position coordinates of the flexible needle tip during needle

insertion are extracted using the image processing morphology technology. Based on the extracted needle tip data, the least

square method is employed for curve fitting, and the second-order polynomial model, exponential function model, and

bicycle model are established. The analysis on the goodness of fit, residual, and residual sum of squares of different models

reveals that the second-order polynomial model is superior to the other two models in exploring the optimal solution of the

trajectory model of flexible puncture needle.
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Figure 1 Binary processing of the indexed image
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Figure 2 Images after expansion, filling, and corrosion operations
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Figure 3 Scatter plots of needle tip coordinates for different needle types
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Figure 4 Experimental devices
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Figure 5 Second—order polynomial models
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Figure 6 Exponential function models
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Figure 7 Bicycle models

SSE:i(}—yi)Z (31)

TV FRAF LS B[R RE R LA D F
ARG AN [V R ) 7k 22 i 11 ke 22 P I 5T 8 Bz o AR L
A8 DI BE A b ] RLAT S SR 2 R B G 3 R 28 — gy
2 T RS TR R4 PR RSO 8 2 0 B U 96% LA b 1Y
AR S R L 2 0 TR R A v ) A S R I £
AR &L 8 Bk 22 [ ] U, — B 23 R AR5 %L
PR BSCREL Z S TR EEAIR T 40 mm B 79 35 1) 7k 2 B 4 il
F£0.5 mm LA, 25 50 RIGR I ad 40 mm R, i 2100
AR T B 2 (H FEAS NS T 415 450 R RO TR 1) 5k 2 (1
BRI WA RHOR KA. AAT BB I BE 38 b
T B ZERINS T LA L PR BT AR R 2

4 5 ®

B X e 2 R BT 0932 B B AN B SR R A
AR SR BT Ak B AR 58 L 5 R BB O AR

Uiz A bR o MG EH R B AR AR BT R fRe

FAEHATIAS , 73 I P A2 AR H A A DL A2

®1 AEREMGEOMEIERRREF T
Table 1 Goodness of fit and residual sum of squares of
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Figure 8 Residual plots for different models
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