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Surgical Technology in Different Era
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| evel of Invasiveness
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Computer-Aided Surgery

Robot Mechanism Design, Control & Vision

- Imaging Modality

- Location Sensing: Preoperative
* Optical Tracker s
| — | *  MRI/ PET/ X-ray
* Electro. Mag.
¢ - Intraoperative

Tracker
- Shape Sensing:
* Fiber Bragg Grating

- Medical Personnel
- Robots

* Master-slave

* Assistive

* Collaborative
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[trasound
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*  Endoscopy
* Microscopy
* Ultrasonography

- 2D Visual Interface
* Display Monitor
- 3D Visual Interface

* Half-Mirror
- Subjects/ Models e Hgad-Mounted
* Phantom Display
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Image-Guided Minimally Invasive Surgery: Design & Development
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Visual Limitations Perceptual Complexity Dexterous Constraint
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No Visual Access to Organ
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Image-Guided Minimally Invasive Surgery: Design & Development

O Problem Identification

O Design Conceptualization

O Technical Specification

O Functional Analysis

O Operational Simulation

O Physical Prototyping & Testing
O Performance Assessment
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Microsurgery Robotic Systems

(k) Symani
Alfonso S. et al., 2022

(j) MUSA
van Mulken T.J.M. et al., 2020
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(i) NeuroArm ) (c) 5R-SDM
Sutherland G.R. et al., 2008 Niu G. et al.,, 2017
. Rotary part ’: g
[ | vg @
(h)REMS
He C.etal, 2013

(d) MSVS
Nasseri M.A. et al.,, 2012

(g9) MicroHand (e) easyMicro
Wang W. et al., 2016 Yang U. et al., 2021

(f) RAM!s
Nasseri M.A. et al., 2013

Wang, Tiexin, Haoyu Li, Tanhong Pu, and Liangjing Yang. 2023. "Microsurgery Robots: Applications, Design, and
Development" Sensors 23, no. 20: 8503. https://doi.org/10.3390/s23208503
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Problem Identification

In the Application of Anastomosis

a) Microscope
Surgeons perform anastomoses and sutures D?Operating area
. |
on blood vessels, nerves, and lymphatic
vessels under a microscope %/\ X0

Narrow workspace, between 0.3 and 0.8 mm
Inevitable physiological tremor

Operative technical skill qualities




Problem Identification

In the Application of Ophthalmic surgeries

Surgeons manipulates the instruments to enter the
eyeball through a trocar in the sclera.

Ophthalmic procedure is a kind of MIS, the movement
of the instrument is remote center of motion (RCM).

Narrow workspace, a small (24 mm) enclosed
spheroid

High precision operation & Inevitable hand tremor

Trocar

Incision point

o

"\ Sclera

D=24mm
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Design Concept

.
NS

Microscope i

Intra-illumination!
light fixture

"

Operating table

Eyeball

&

Microscope

Micro-surgical Robot System

Microscope Image
-~y Projection

Motion
Control

1
|
1
1
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The application scenario of the system
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Design Concept

Design goals Description

Mode of operation

Master-slave teleoperation

Structural stiffness

>100 N/mm

<—— \Vision [<€ -

Degree of freedom

7: among 3 of xyz platform
and 4 of RCM mechanism

Motion range of
XYZ platform

20*20*40mm3

I

> Control p—mm> Slave

manipulator

Motion range of tip

Y: £45° ; ¢: £75° ;
6:360° ; Z:32mm;

Positioning accuracy
of RCM point

<10pm

Doctor

v

LLLLLL
N @

Master console Patient

« Layout of the system
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Technical Specification

Anastomosis  Ophthalmology

Operating | 5 0us0%00mms /
alrea

Microscope visual space
a) P P b)

Left slave T 1 Right sl
operation /’{2 ] X 20mm/0;;?erai?i§xe
P —20°~ 45°

space . space
Operating sPace kil of microscope Virtual wrist joint Y £ 45° ¢: + 45°
Angle ¢: £ 75° 0: '0:360°
: £+ 30° '
0: &30 7:32mm
; \ S;F
o NN A Accuracy <50um Sl

25mm/s

N, M-. f.:::.'_:'__'-' B .I__.- F \1:;?
Speed 10mm/s




Analysis

Functional features

Staggered gearing

mechanism

Photoelectric !
switch !

Drag link Bearing _ Support pedestal

Outer shell
sleeve

' Alignment head
79 Quick-change head
|~ Consumable Top-bead block :

e e e e e s et G i s s s e ol -

¢ manipulator

Screw fixing box

8upportpedestal .
----------------------------- Y manipulator

Staggered gearing

0 and Z manipulator

guick-change mechanism
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Analysis

Functional features: Remote Center of Motion + Quick-Swapping Mechanism

¢ manipulator

Y manipulator

0 and Z manipulator

RCM point
guick-change mechanism

MATLAB EXPO
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Analysis

Functional features: Remote Center of Motion + Quick-Swapping Mechanism

¢ manipulator

Y manipulator

0 and Z manipulator

guick-change mechanism

Quick-change mechanism
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Analysis

Mechanism Kinematic Analysis

1T = Rot(x;_1, a;—1) Tran(x;_,, a;_1) Rot(z;, 0;)Trans(z;, d;)
OT = 9ririr 3T ir 2T ST
["'sinf’"—1l'sinf < 10um
Jt 180 Jt

= X X = 3. X —
B r X 1000 T 60 = 34378 r

(1)

(2)

(3)

(4)
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Operational Simulation

Mechanism Kinematic Analysis

200
100

-100
-200

500

o

-500

Driving torque of each joint

MATLAB BXIPPO
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Operational Simulation

Mechanism Kinematic Analysis

- Manipulability ellipsoid at the certain posture
-join

link?_1_RIGID r Frismate: N —-

L

(a) Line velocity ellipsoid (b) Angular velocity ellipsoid

‘‘‘‘‘
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Operational Simulation

Mechanism Kinematic Analysis

Simplified
RCM
mechanism

/

=150

-162
€ £
g -165 4 E -163
N N
-164
-160
-165

-165 -
40 36

-39
o -38
-40 6 .36 =37

Y/mm

Eyeball

Trajectory

The trajectory simulation test results

RCM point
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Operational Simulation

Mechanism Kinematic Analysis

MATLAB BXIPPO
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Physical Prototyping
Rapid prototyped Mechanism tested RCM

- <
-~ . h
Orientation of Tool
s s
\

Workspace
of Tool

Prototype

Remote Center
of Motion Point
of Pivot

Patient
Mockup
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Conclusion

Leverage Mode-based Design for microsurgery robotic systems:

Satisfy operational requirements of anastomosis and ophthalmology

Developed novel design features of RCM Repositioning & a quick-change mechanism

- Accelerate design iterations with extended modeling capability in the digital realm
prior to physical implementation

- Shorten development |lead time facilitated by rapid prototyping of digital concept

Enable systematic design via computational simulation and analysis

Coordinate research effort about team members of different background
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