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Study of master-slave catheter alignment technique based on force deformation
QI Jinlong, HU Zhi, SUN Liyan
(School of Electrical and Electronic Engineering, Shanghai University of Engineering Science, Shanghai 201620, China)

[ Abstract] In master—slave interventions, spatial registration technology allows the position of the interventional catheter from the
hand to be displayed in real time in a virtual 3D image of the main hand, which is used to guide the surgeon through complex
surgical procedures. The study addresses the impact of position errors caused by the force deformation of the catheter and vessel wall
during the registration process. This study calculates the deformation displacement based on the force deformation by means of a
physical model. It is introduced into the minimum objective function and the master —slave conversion matrix is estimated. The
accurate correlation between the master and slave coordinate systems under force deformation is achieved, which improves the
registration accuracy. And compared experiments with the traditional iterative closest point method for error analysis. The results
show that the method reduces the registration error under contact force deformation and achieves the expected registration accuracy.
[ Key words] master—slave interventions; spatial registration; force deformation; iterative closest point
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Fig. 1  Structure of Master and Slave Interventional Surgical

Systems
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Fig. 2 Diagram of Endovascular Catheter Insertion Procedure
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Fig. 3 Catheter Contact Force Diagram
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Fig. 4 Relative Distance Diagram of Corresponding Points
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Fig. 5 Master—Slave Lab Equipment

MAFARSET, ENFE WAL Y
WA BCHERG B ARG HEAT T 40T 5280, F 47 e vfE 1R
ZENT, DIIE BT 3 1 18 36 1 32 1 AR T8 9 i o i
ITERE
31 XHRTR

SRR A TR R TR
TEHHIRAE B AL T I TF o BL 7E URS HLAES AR 3 1)
T R B0 282 43 SIS B3k B AR kEAL
FeF I TFum I 1B AR R A BE  TH AR TE AL 1R
P BCHE T AT B 0 S A R R MR W 25 1 76 3 T o
AR v S B A AR I Y S B
32 EEXWIREDW

BeEt # o A thiz sh A iz s, S48 1 -
T, Wil 6 fif, %8 30~33S 5 47~51S H %
fil 3z 11, & T4 filiz sh B B, AHIFGE ek (4 7 70 Xt



5 6 W] FE, % BTN TN A FE RS AR 99

B Bz A AL AT T AME

0.6

A

0.5

0.4

0.3

Force/N

0.2

0.1

25 30 35 40 45 50 55 60

Time/s
Ee RALESEZNREE
Fig. 6 Catheter Force Waveform During Alignment
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Fig. 7 Location of Path Points Before and After ICP Method
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Fig. 8 Location of Path Points Before and After Based on Force—

Deformation Method
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Fig. 9 Alignment Error
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