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Dai Yu, Zhao Yu, Yin Jingjing, LiRui, Zhang Jianxun
(Institute of Robotics & Automatic Information System, Nankai University, Tianjin 300350, China)

Abstract: Curved pipeline structure is common in industrial detection and medical diagnosis. Traditional robot path
planning is mostly based on the extraction of pipeline centerline while ignoring the real parameter constraints in a nar-
row space. This can easily bend or squeeze the end of the tool, thereby affecting the operational efficiency and in-
creasing its operational risk. To solve the problems mentioned above, in this study, a path planning method based on
real curvature and boundary distance parameter constraints was proposed. First, a dense center point set of the pipe-
line was generated in the visual three-dimensional model, and a two-step space feature point identification strategy
was proposed for the point set. Additionally, curvature extreme and subsection points were identified according to the
curvature mean value, extreme value, and difference relation between adjacent points. Then, inflection points,

wide domain nodes, and over-dense points were further identified by traversing the coarse scanning feature points.
The identified feature points were used as the model value points, the curvature values of the NURBS curve and the
corresponding interpolation points were obtained via inverse calculation, and a boundary distance unqualified point
set of the curve interpolation points was obtained through model slice search. Moreover, the extreme points were
added to the feature point set. Then, the extreme points were adjusted to a fitting circle through the curvature unquali-

fied point set obtained through searching, and the feature point set was updated. After the completion of the feature
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point iterations of the adaptive rounds, the interval set of unqualified points of the full interval parameters was de-

tected and marked as empty or continuous invariant. The experimental results showed that the path planning of the

curved cylinder simulation and the CT reconstruction venal lumen models meet the curvature constraint of 10 mm™

and 8 mm' through iterations. Furthermore, the shortest distance detection and labeling results demonstrated that the

method can avoid colliding with the inner wall of the pipeline as far as possible on the premise of meeting the curva-

ture requirement, which verifies the effectiveness and feasibility of the method.

Keywords: path planning; curved pipe; NURBS curve interpolation; feature points recognition; curvature con-

straint; boundary distance constraint
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Tab.1 Parameter settings
o LI B | S8 B A/ R AE AR A REE A | 10
BE/mm| mm' | R HRE | EEo
G REAAER 1| 15 0.100 | J=5,| T,=3, | 0.001
W FERAER 2] 6.0 0.100 |7,=19,|7,=20,| 0.001
st e T,=5, |T,=10,| 0.001/
B Js Al 12 0.125 re3 | 727 | 0003
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Tab.2 Experimental results of the simulation models

x2 HERBEIBHER

iz UL FEIE AR Mkt | %R SR AR /IME S HNIEN PEFEHR AR
LA M EIR BUH FH{E/mm FH{E/mm SRR /mm
[# 6 1% 127 12 2.110 36 2.412.2.768 0.100,0.048 0.240
[l 6 A8{k 1 fg4z 127 11 2.185 51 1.815.2.506 0.100,0.051 0.485
, 2.043 7 1.718.2.712 0.197.0.062 0.348
6 2 2 B 122 12 2381 107 0.861.2.583 0.099.,0.053 0.486
[ 8 iz 88 13 1.772 0 2.795.8.342 0.031,0.021 0.218
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2024 4£ 10 H

A HREE T 1 i 25 R 30 B R 24 SR S A N A R

+ 1019 -

BT HESAEFRN CT KGR T —4ed g, 155
HE N TE 2 R, S 200 SO TR S AT &
IR S Wi LW PO DU RS it b 4
FRRRIRR A (L) | 81k () THRAR R %
ERUhO S CREMELZL) | B2 38 5 UM B RRIE
(o (0 B8] ) 6 AR A A 24 (Ll 4 (L0 522D . B
Bz Hh, 1EE 9(d) | (o) « () FRR/R THERY 1 %A 2
ARUIEACE AR, 18T R i R B AR 2301 0 B v e
2 A ET R AR IR 20 WRERAR, 206 BAR S Il
PEAERTHA R 20 PAeFEAR 46 RILIL)
BRAE.

P 10 J1El 9 (d) Hh RS RY A i S | iR A
FErL O BRI B SRR, AR TR R,
T A AR B, THER (AR S s P DR
AR RS RS, ATLGE L, JE T B (R
FRIEAAE AR LI A2, BRAETEA i 25 R (B4
FIe7s B8RO BRI A A, K i AR R A B R
iR SEESR, Hi A2 B0, RESTETCHIE
S DL R 5 e 4544

3 RN AS R TR R o R A B AR G
Horpr, 189 (a) 842 J2 & 9 (d) B840 046 ) — A5 B v
S RETTE LB R B R0 e, A
ELPE 9 (b) Al () A9 LB s MR IE i R 2, H
AR R UK, SR RIS 4. 4 ZR RO A 19

R % 0.125 mm™ KLU, B 4ERFE
0.100mm™ LAF, Tt S B S HOAN Gk X 11 B i
PRAE (78 A b Aric Hh i 2256 3% SR G0 DX 1] 11
2B, AR B i 2 250K,

g — WAL
s ZAREAR
*55 10 b
E@ —
e R
0 100 200 300 400 500
RS2
(a) IR
0.5
T — WRER
g —— SREAR
3
SN e ot NNV VRN
0 100 200 300 400
i {1 255X
(b) iz
. o2} —— KU
% g
y L
EE lm

%0 10 20 30 40 50 60 70 80
rhl B AR A B
(c) B FEARIEES
E10 EXERBREAUER

Fig.10 Optimization results of real renal lumen path
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Tab.3 Simulation results of renal lumen models

i LR RS BRI WA | AREARRIME S NIEN HE O AR AT
W M ) /s 30 EA4{E/mm EHfE/mm FHHE B /mm
& 9 (a) 4% 83 13 1.979 27 0.910.3.602 0.119.,0.055 0.184
& 9 (b) 4% 59 8 1.307 8 0.605.2.587 0.123.0.068 0.439
& 9 (c) 4% 47 6 1.281 13 1.528.2.420 0.125.0.081 0.367
& 9(d) iz 86 11 1.984 44 1.160,3.324 0.116.0.057 0.419
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Tab.4 Comparision of the methods
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