(-)E ILH OBUDA UNIVERSITY
IROB - ANTAL BEJCZY CENTER

FOR INTELLIGENT ROBOTICS

Surgical subtask automation
on the Da Vinci Research Kit

Tamas D. Nagy
Supervisor: Tamas Haidegger

Antal Bejczy Center for Intelligent Robotics
EKIK — University Research, Innovation and Service Center
Obuda University

IEEE Day 2019 Obuda University




Introduction OL

Traditional surgery Minimally Invasive Surgery (MIS)
* Bigincisions * Smallincisions
e ,The bigger the wound, * Rapid recovery

the greater the surgeon.”

e Hard for the surgeon

“OKAY, FIVE BUCKS SAYS TCANGO SHOULDER DEEE”
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Robot-Assisted Minimally Invasive Surgery

Benefits
* Ergonomy
* Accuracy

e 3D vision

Da Vinci Surgical System

Teleoperated

5 generations

5400+ units worldwide

1M operations/year

Image credit: Intuitive Surgical Inc., Sunnyvale, CA
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Da Vinci Research Kit

Research kit for surgical
robotics

* Open-source HW & SW

 Read/write access to the
da Vinci arms

 Compatible with the 1
generation da Vinci

e ROS interface

 >35setups worldwide
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Da Vinci Research Kit OL

Research kit for surgical
robotics

* Open-source HW & SW

e Read/write access to the
da Vinci arms o - *Doa
Ao Y L
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generation da Vinci NP dma O s LW

e ROS interface

 >35setups worldwide
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Surgical Subtask Automation OE

Why do we need automation?

e Monotonous tasks
* Time-consuming tasks

. &

e Decrease cognitive load on the surgeon ; i
. . h“"‘%}';;"f* G
Surgical automation — easy task? B T e

* Hard tissues: relatively
* Bone drilling
e Soft tissues: no

e Constantly changing environment

Image credit: AUTOLAB, UC BERKELEY
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Surgical motion decomposition OL

Com-
plexity

Level of Time
granularity | span
Laparoscopic

Operation \ / \ / » [ cholecystectomy] .

Example

Pneumo- Exposing
Task \ / \ / [[perltoneum Calotstrlangle] ’l lj
Retraction of Blunt dissection Blunt dissection

Subtask \ / \ / ([the gallbladder at the Cystic duct] ~{ at the Cystic art. J)

S Approach > Perform
urgeme the tissue —\ dissecting motion

MOtlon Penetrate Open the Remove ]

pn mitive connective tissue ] : l dissector the dissector
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Surgical motion decomposition OL

Level of Time | Com-
granularity | span | plexity Example
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Operation e o
o
Task 9.£ &
Subtask g 8
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Surgical motion decomposition OL

Level of Time | Com-
granularity | span | plexity Example
o
Operation || = ||| o [ Lpmeempe |
o
Task = e
- &
Subtask AE 2
o (o]
E J—
n
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Surgeme o E 2
MOtiOn 1 O ( Penetrate Open the Remove )
p ri m itive - A connective tissue dissector the dissector
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Framework for surgical subtask automation

v

environment

supervision > subtask_-level motlon” > surgeme | translation tc-)I robot traJectqry » robot manipulation
Iog|c decomposition server robot moton server generation
errors
surgeon
A measurement
structured information pFrce‘Pr;don i« raw data Sensors

algorithms measurement

<€

observation
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Autonomous blunt dissection OL
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Conclusions

* Framework for surgical

subtask automation . .
Open-source implementation

* Parameterizable available on GitHub:
surgemes https://github.com/ABC-
e Universal building blocks iRobotics/dvrk carla

e ROS communication

Tamas D. Nagy IEEE Day 2019, 04 November Budapest, Hungary


https://github.com/ABC-iRobotics/dvrk_carla
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