
0

Liangjing Yang, Zhejiang University

基于机理建模的医疗手术机器人设计与开发

Model-Based Design & Development in Surgical Robotics 

(Pronoun/Pronoun)

May 28, 2024 | Beijing



11

自我介绍
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科研方向

实现以人为本的人机共融

(iii) 数字化虚实交互与沉浸式人机界面

(i) 自适应机器人规划与感知 (ii) 人机交互与协作控制

(a) 机器人学 

(c) 控制论 (b) 智能感知

三、如何基于数字化虚实融合的科技实现自然人机交互? 

一、如何赋予机器人对动
态环境的智能感知?

二、如何设计对人类安全
且有建设性的协作控制策
略实现人机共融的理念?
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Surgical Technology in Different Era
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Computer-Aided Surgery

Slave Robot

Subject

Robot Mechanism Design, Control & Vision

Operation ImagingTracking 

Slave Robot

- Medical Personnel
- Robots 
• Master-slave
• Assistive
• Collaborative

- Location Sensing:
• Optical Tracker
• Electro. Mag. 

Tracker
- Shape Sensing:
• Fiber Bragg Grating

- Imaging Modality 
- Preoperative
• MRI/ PET/ X-ray
- Intraoperative
• Endoscopy
• Microscopy 
• Ultrasonography

- 2D Visual Interface
• Display Monitor
- 3D Visual Interface
• Half-Mirror
• Head-Mounted 

Display
• Projection-Based 

Image Overlay
• Integral 

Videography

Medical 
Personnel

Intervention

Collaborative 
Robot

FBG

Fiducial 
Markers

- Subjects/ Models
• Phantom
• Cadaver
• Animal
• Virtual

Surgeon

Master Console

Subject

Visualization

Model

Endoscope Systems

Ultrasound 
System

Monitor

Half Mirror

HMD



66

Image-Guided Minimally Invasive Surgery: Design & Development

Design Problems

No Visual Access to Organ
Unintuitive Mental 

Registration
Constrained to Point-of-Entry

Visual Limitations Perceptual Complexity Dexterous Constraint

Limited Visualization of Anatomy Unintuitive Hand-Eye Coordination 

Imaging Technology Robotic System

Diagnostic Imaging Registration Intraoperative Execution

Computer Vision

Development Solutions
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 Problem Identification

 Design Conceptualization

 Technical Specification

 Functional Analysis 

 Operational Simulation

 Physical Prototyping & Testing

 Performance Assessment

Image-Guided Minimally Invasive Surgery: Design & Development
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Microsurgery Robotic Systems

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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• Surgeons perform anastomoses and sutures 

on blood vessels, nerves, and lymphatic 

vessels under a microscope

• Narrow workspace, between 0.3 and 0.8 mm

• Inevitable physiological tremor 

• Operative technical skill qualities

In the Application of Anastomosis

Problem Identification

9

Anastomosis

a)

b)1
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• 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

In the Application of Ophthalmic surgeries

Problem Identification

» 10

Ophthalmic surgeries

a)

b)2
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Design Concept

The application scenario of the system
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Design Concept

• Layout of the system

Slave 
manipulator

PatientDoctor

Vision

Control

Master console

PC

Design goals Description

Mode of operation Master-slave teleoperation

Structural stiffness >100 N/mm

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

Motion range of 
XYZ platform

20*20*40mm3

Motion range of tip
𝜓: ±45°;  ϕ: ±75°;

𝜃: 360°;  Z: 32mm;

Positioning accuracy 
of RCM point

<10µm



1313

Technical Specification

Anastomosis Ophthalmology

Operating 
area

20*20*20𝑚𝑚3 /

Angle
ψ: ± 45°
ϕ: ± 75°
θ: ± 30°

ψ: −20°~ 45°
ϕ: ± 45°

θ:  0~360°
Z: 32mm

Accuracy <50µm <10µm

Speed 10mm/s 25mm/s
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Analysis

• ϕ manipulator

• Ψ manipulator

• θ and Z manipulator

• quick-change mechanism

Functional features
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Analysis

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

• ϕ manipulator

• Ψ manipulator

• θ and Z manipulator

• quick-change mechanism
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Analysis

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

• ϕ manipulator

• Ψ manipulator

• θ and Z manipulator

• quick-change mechanism
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Analysis

Mechanism Kinematic Analysis

𝑙′ sin 𝛽′ − 𝑙′ sin 𝛽 ≤ 10𝜇𝑚

𝑖
𝑖−1𝑇 = 𝑅𝑜𝑡 𝑥𝑖−1, 𝛼𝑖−1  𝑇𝑟𝑎𝑛 𝑥𝑖−1, 𝛼𝑖−1  𝑅𝑜𝑡 𝑧𝑖 , 𝜃𝑖 𝑇𝑟𝑎𝑛𝑠 𝑧𝑖 , 𝑑𝑖

𝐵 =
𝑗𝑡

𝑟 × 1000
×

180

𝜋
× 60 = 3.4378 ×

𝑗𝑡

𝑟

7
0𝑇 = 1

0𝑇2
1𝑇3

2𝑇 4
3𝑇 5

4𝑇 6
5𝑇 7

6𝑇 

(1)

(2)

(3)

(4)



1818

Operational Simulation

Mechanism Kinematic Analysis

𝑍-joint

BaseInputOutput

𝜃-joint

𝜓-joint
𝜙-joint
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Operational Simulation

Mechanism Kinematic Analysis

𝑍-joint

BaseInputOutput

𝜃-joint

𝜓-joint
𝜙-joint

Manipulability ellipsoid at the certain posture

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



2020

Operational Simulation

Mechanism Kinematic Analysis

The trajectory simulation test results
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Operational Simulation

Mechanism Kinematic Analysis
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Physical Prototyping

Rapid prototyped Mechanism tested RCM 
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• 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

Conclusion
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