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Background

https://www.researchgate.net/figure/Da-Vinci-robotic-systems-have-three-major
-components-the-surgeon-console-the-surgical_fig1_281377370

● Need a 2nd sterile surgeon by the bedside

● Instrument sales are the biggest source of revenue (NOT 

surgeon console). [1]

● Impossible to perform Solo Surgery

Non-sterile Sterile

https://www.researchgate.net/figure/Da-Vinci-robotic-systems-have-three-major-components-the-surgeon-console-the-surgical_fig1_281377370
https://www.researchgate.net/figure/Da-Vinci-robotic-systems-have-three-major-components-the-surgeon-console-the-surgical_fig1_281377370


Background

[3]: L. Qian et al., 2019

● HMD (Head-Mounted Display)

● In place of stereo endoscope on the surgeon 

console



Grand Goal

● Lower cost

● Sterile bedside operation(solo)

● Mobile

https://ciis.lcsr.jhu.edu/lib/exe/fetch.php?media=courses:456:2020:cis_ii_mobile_telesurgery.pptx

Non-sterile, stationary

Sterile, mobile

Novel Surgeon Console!



Project Goal

● Design a wearable system that

○ Captures surgeon’s arm motion in 3DOF

○ Can control state-of-the-art robot such as UR3 or dVRK

○ Has high precision in position control of the slave robot

○ Has a similar workspace as the Da Vinci’s MTM

○ Has a way to recognize surgeon’s intention to engage/disengage with the system



Technical Approach

IMU
Pros:

● Easy attachment

● Not Bulky

Cons:

● IMU Drift

(human-in-the-loop operation may neglect this point)

IMU

[10]: El-Gohary, et al., 2012
Readings: [4], [5], [10], [11]



Technical Approach by steps

1. Develop kinematics algorithm to compute accurate joint angles of surgeons of different arm dimensions

2. Develop sensor fusion algorithm (if needed) for the IMU ordered

3. Define rules of engagement protocol 

4. Implement all algorithms in ROS

5. Define calibration protocols to accommodate different surgeons’ arm dimensions

6. Control UR3/dVRK using the system and debug all algorithms 



Technical Details

● IMU Type: Adafruit, Lp-research

● IMU Interface: I2C, bluetooth

● Algorithm: EKF, kinematics

● Calibration: Establish calibration pose and protocols (hand-eye calibration)

● Algorithm assumption: surgeon’s torso stays perpendicular to the ground



Deliverables

● Minimum Deliverable:

○ Joint measuring system that captures full motion of single human arm (3/4 DOF), virtual demo in 

Rviz

● Expected Deliverable:

○ Physical demo of Teleoperation using UR3/dVRK, with rules of engagement clearly working

● Maximum Deliverable:

○ Achieve 6 DOF motion capture of human arm



Dependencies

Dependency Solutions Deadline Backup Plan Affect what Status

Lab Access Contact Dr. Kazanzides 
to sign paperwork

2/15 Ask mentors to open 
doors to the lab when 

needed

UR3 and dVRK Access Completed

Software License Use WSE Solidworks 
license

2/11 Use older version on 
my personal PC

Whole project Completed

UR3 Access Contact Dr. Kazanzides 3/15 Use dVRK System validation and 
testing

Completed

dVRK Access Contact Anton 3/15 N/A System validation and 
testing

Not started

Algorithm 
Implementation

ROS on personal PC 3/25 Contact mentors to use 
lab machines

System realization Completed

Parts Delivered Contact Dr. Kazanzides 3/31 None System realization Not Started



Timeline



Key Dates/Milestones

Milestones Complete Date Overall Status

Design Solution Decision Made 3/15/2020  Completed

Algorithm Implemented 4/5/2020  

Kinematic Measurement Validated 4/10/2020 Minimum Deliverable

Calibration protocols validated 4/16/2020

Successful Physical Demo 4/26/2020 Expected Deliverable

6 DOF w/ extra IMU Implemented 4/28/2020 Maximum Deliverable

Complete Documentation 5/4/2020  



Management Plan

● Meetings: Bi-weekly meeting with mentors

● Budget: ~$500
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Backup slides: User Study

● IRB (Existing IRB by Dr. Kazanzides will cover this project)
○ Assisted Teleoperation - generic
○ Complete Online training
○ Send the certificate to Dr. Kazanzides

● Design user study
○ Experimental platform(task)
○ Analysis


