Robot-Assisted FBG-based
Sensorized Needle Calibration

Team 6: Kefan Song

Mentors: lulian lordachita, Dimitri Lezcano, Jin Seob Kim

OOOOOOOOOOOOO

Computational JOHNS HOPKINS
Sensing + Robotics Y 7 UNIVER STTY



Team member

 Team 6: Kefan Song

* Prof. lulian lordachita: principal investigator

* Dimitri Lezcano: primary mentor

* Dr. Jin Seob Kim: mentor on algorithms

* Ge Sun: mentor on robot control and needle calibration

Computational JOHNS HOPKINS
Sensing + Robotics Y 7 UNIVERSITY



Motivation

Prostate

* Problem setting: Prostate biopsy &
brachytherapy

Biopsy needle

* Current approach: Ultrasound guided
manual needle insertion with stiff needle

[ =
Ultrasound probe

* Problems: target displacement, poor
repeatability

* Updated approach: MRI guided robot
needle insertion with flexible needle
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Prior work

* Flexible bevel tip needles are chosen with

FBG sensors to monitor curvature

e Mathematical models are calculated to
determine the shape of the needle

 Calibrations are performed for precise and
consistent measurement
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* Current problem: calibration is done by hand ¥, W
* Time consuming ““1‘“1, ——

* Prone to human error I
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Goal/Project statement

* This project aims to build a robotic system for (semi)automatic
calibration of flexible needles with FBG-based shape-sensing
capabilities. FBG-embedded needles require precise and consistent
calibration which can take several hours and is prone to human
errors. Robot-assisted needle calibration would optimize needle
construction and improve shape-sensing accuracy.
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Approach

1. Design calibration platform
2. Design algorithm for the movement of the robot arm
* 3. Process calibration data and calculate calibration matrix
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Approach: Design calibration platform

* Two types of calibration needed:
1. Ensure that the needle is working properly:

check if the curvature and sensor reading has
linear relationship

Potential improvement: find substitute for the scale

2. Perform 2D needle calibration

Insert needle into slots with constant
curvatures ”

Potential improvement: compatible with multiple
types of calibration jigs
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Approach: Design algorithm for robotic arm

* Semi-automatic calibration process

* Requirements:

* Move between calibration jigs and between each curvature slot
Ability to stop if the first part of the calibration shows faulty needle
Enable rotation of the needle for calibration across different planes
Control movement velocity to reduce error in data due to sensitive sensor
Complete the entire calibration cycles within minutes
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Approach: Process experiment data

» Data sources: FBG sensors, scale, curvature parameters of the jig
* Mathematic algorithm based on Kim, J.S. et al. 2017
* Output: calibration matrices for each FBG sensor
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Deliverables

Calibration = Semi-automatic (manual Calibration
platform movement between matrices of one
calibration jigs + manual needle
needle rotation)
Updated Mostly automatic (manual
platform needle rotation)
Fully automatic Calibration results
using other

calibration jigs
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Project timeline

Feburary

2

3

Literature Review
Project Proposal

Design & build calibration platform
Calibrate position of components

Understand current code for robot
Code for robotic arm movement

Integrate data acquisition & calculation
Integrate movement between jigs
Integrate rotation of needle

Final Report
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Dependencies

* Robot system & data acquisition unit (acquired)

* Needle for testing & actual experiments (acquired)

* Platform base for construction (acquire by 2/25)

e Curvature jig model (acquired)

 Lab access (acquired)

* Substitute force sensing mechanism for scale (acquire by 3/29)
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Management plan

* Meetings:
* Weekly meeting with Dimitri, Ge and Prof. lordachita (Wednesdays)

e Communications:
e Email
* Personal interaction in lab
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