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Motivation

Suturing is a highly dexterous
task in minimally invasive surgery
(MIS).

Especially challenging for
novice operators.

Approach

Use VF assistance to improve

operation accuracy and
reducing operator’'s mental

stress.
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Suturing Task
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http://www.youtube.com/watch?v=crMKcJMpfZ4

Why Do We Need VF?
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System: Hardware
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System: Block Diagram
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Fig. 7: Block diagram showing hardware/software connection,

software components implemented in both cisst and ROS
environments
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Help User by Providing Haptic
Feedback
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Master Controller

Virtual Fixture Set

Operator Input

Virtual Fixture
Algorithm

Robot
Dynamics

Gravity
Compensation

q joint position dg joint velocity x cartesian position dx cartesian velocity
T joint torque applied to robot T . joint torque from virtual fixture controller

Tgc joint torque from gravity compensation
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Impedance Virtual Fixture

Master Virtual Fixture Controller
Given
= [R,f]: current pose  p: current velocity
F., = [R.,F:]: position compliance frame with respect to master
) El-): stiffness gain B, Bl-): damping gain  §+), §8~): force bias terms
if {Enabled) begin
f=Frlf= R7YF— pa) [/ position error
7= R:1ls /{ welocity on compliance frame
fori e {x, vz} do
{ if (G < 0) then G =7~
F = K.§ /[ wvirtual fixture force

Fig. 5. Master Virtual Fixture Controller

@y JOHINS HOPKINS V St s % ERC | CISST IROS 2016 Daejeon, Korea

of ENGINEERING




Example Plane VF
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Virtual Fixture
for
Needle Passing Task
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Needle Passing: Position
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Needle Passing: Bite
I/ L4
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Needle Passing

User Press Pedal

Align Rotation

Align Position

Pass Needle
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Needle Passing Bite VF

Desired Pose. Origin

is Closest Point 7

*+— Needle Tip
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Does it WORK?
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Does it WORK?

Headle Trajectory (Freehand) Needie Trajectory (VF)

E |m . ¥ Lmi)

(a)} Freehand (b} Virtual hxture assisted

Fig. 9;: Comparison of needle passing trajectories: left is
needle trajectory in freehand motion, right is trajectory from
the same user with virtual fixture assistance.
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Virtual Fixture
for
Knot Tying Task
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Knot Tying VF

Plane
Virtual Fixture

i

Tooltip is constrained to
the VF plane, motion on
the plane is free
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Experiments & Results

Adverse Events:

Average number of slips drops from 1.5 in freehand

mode to 0.34 with VF. (F, ;, =28.87, p < 0.01)
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Results: Operator Workload

Frustration

Performance /
Mental

——FreeHand |\ /"
== \/F Assisted | ‘\/

Temporal Physical
Fig. 14: Knot Tying Task, NASA TLX survey radar plot of
average categorical workload as self-reported by the users.
Workloads increase from the center.
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Future Work

Knot Tying Trajectory - New virtual fixtures
; - Evaluate effect on
learning

Current Trajectory Point
(Green Sphere)
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Thank You !
zihan.chen@jhu.edu
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