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From Rigid to Continuum Robotics ‘TiMC

Endoscopy as a major change
= From rigid endoscopes ... to actuated, flexible devices ... to robots

Dimensions
Material
Actuation
Integration

Esophagoscopy — A. Kussmaul, 1868
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From Rigid to Continuum Robotics ‘TiMC

Different paradigm

continuous discrete

no. of joints

size
Burgner-Kahrs et al., IEEE Trans. Robotics, 2015
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Continuum Robotics ‘TiMC
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Neurosurgery (Sec Ill-A)
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Abdominal Surgery (Sec llI-E) Cardiac Surgery (Sec llI-C)
multi-backbone, concentric ubes tendon-driven, concentric tubes
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Vascular Surgery (Sec llI-D)
tendon-driven

Urologic Surgery (Sec llI-F)
multi-backbona concentric lubas

Capsule robots
(Gastroscopy)

Robotic laparoscopy
(Prostate)

I[EEE Trans. Robotics, 2015

Burgner-Kahrs et al.,
A

Magnetic actuation
(Micro/nanoscale)

Dupont et al., Science Robotics, 2021
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Continuum Robotics ‘TiMC

Continuum Medical Robots
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More flexibility

AN\ REACH

direct bronchoscopic access
to peripheral nodules

Auris Health, Monarch Intuitive Surgical, lon
FDA clearance 2018 FDA clearance 2019
3 4.2 mm 3.5 mm
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Some Reseach Prototypes ‘TiMC

Concentric Tube Continuum Robots

C. Rucker
U. of Tennessee
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Some Reseach Prototypes ‘TiMC

Tendon-Actuated Continuum Robots
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Some Reseach Prototypes ‘TiMC

Continuum Robotics at TIMC

= Tendon-Actuated Continuum Robots
= Modeling of slender robots for control — ANR project COSSEROOQOTS
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Continuum Robotics at TIMC

CAM|

Some Reseach Prototypes ‘TiMC

= Concentric Agonist-Antagonist Continuum Robots comevTenAsseTs
= Modeling and design of innovative continuum robots — with ICube (Strasbourg) @BMV-\I

Grenoble Alpes

| | i

| | Eﬂ fixed ends "y,

E offset i ii centerline

" neutral ™ Eﬁ//

. lines | ]

5 } EH C. Rucker

i | i U. of Tennessee
+ tube2  =CAAR |F

4 mm

M. Taha Chikhaoui | Continuum Robotics | ATSG | December 6, 2021 A



Some Reseach Prototypes TiMc A
Further with CAMI team
= Surgical analytics & open platform Cr'\MI

= Surgical training, simulation and real word data assessment — Equipex+ TIRREX

D’INVESTISSEMENT

= Towards an open platform and simulators of continuum robots

Now put one clip in each of the highlighted areas
W 3 (both applier jaws should be visible)
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Conclusion ‘TiMC

Challenges wrt ATSG

- Perceptlon =l https://www-timc.imag.frI=GMCAO
= Tracking/localization, sensor integration/fusion sites.google.com/view/ctaha
= Shape detection | o
_ DX Taha.Chikhaoui@univ-grenoble-alpes.fr
= Reasoning
= Model-perception fusion, towards closing the control loop
= Action

= Miniaturized actuation, localized actuation, ...

CDP 2022 : Robots for Real World Interaction (PI: Olivier Aycard — LIG)
= Fablab MSTIC, GIPSA-lab, G-SCOP, INRIA, LIG, LIP, LIK, LPNC, MSH Alpes, TIMC
= Usage and application-driven global design, in close collaboration with SSH community
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